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EO 
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ERC 
ET 
FEMA 
fps 

dibromochloromethane 
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ratio of chlorination to dissolved organic carbon concentration 
ratio of chloride concentration to electrical conductivity 
chlorine portion of trihalomethane molecules 
chlorine 
centimeters 
Califomia Native Plant Society 
carbon monoxide 
carbon dioxide 
Coordinated Operations Agreement 
U.S. Army Corps of Engineers 
Califomia-Oregon Transmission Project 
concentration time 
carbon portion, or carbon equivalent, of total trihalomethane concentration 
Central Valley Habitat Joint Venture 
Central Valley Operations Coordinating Office 
Central Valley Project 
Central Valley Project Improvement Act 
Central Valley Regional Water Quality Control Board 
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Daily Standards and Operations Simulation model 
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Sacramento-San Joaquin Delta 
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Califomia Department of Parks and Recreation 
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Delta Wetlands 
Califomia -Department of Water Resources 
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U.S. Environmental Protection Agency 
emission reduction credit 
evapotranspiration 
Federal Emergency Management Agency 
feet per second 
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g/m3 
g/cm3 
HDPE 
HEP 
HLA 
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kg 
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mm 
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MOU 
mph 
mS/cm 
MSD 
msl 
MWD 
MWQI 
Na+ 

NAHC 
NBHA 
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Federal Register 
full-time equivalent 
grams per square meter 
grams per cubic meter 
grams per cubic centimeter 
high-density polyethylene 
habitat evaluation procedures 
Harding Lawson Associates 
Habitat Management Advisory Committee 
habitat management plan 
historic properties management plan 
habitat suitability index 
habitat unit 
Interstate 5 
Interagency Delta Health Aspects Monitoring Program 
Interagency Ecological Program 
important farmland mapping 
U.S. Department of the Interior 
Jones & Stokes Associates 
potassium ion 
kilogram 
kilometer 
kilovolt 
kilowatt hour 
liters per centimeter 
Local Agency Formation Commission 
land capability classification 
level of service 
meter 
mosquito abatement district 
million acre-feet 
million acre-feet per year 
maximum contaminant level 
Minimum Delta Outflow computer subroutine 
magnesium ion 
million gallons per day 
milligrams per gram 
milligrams per liter 
milliliter 
Most Likely Descendants 
millimeter 
memorandum of agreement 
Memorandum of Understanding 
miles per hour 
millisiemens per centimeter 
marine sanitation device 
mean sea level 
Metropolitan Water District of Southern California 
Municipal Water Quality Investigations 
sodium ion 
California Native American Heritage Commission 
North Bouldin Habitat Area 
Natural Diversity Data Base 
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NOP 
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NRCS 
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NSR 
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PA 
PAR 
PBS 
PCPA 
PG&E 
PMlO 
PO/ 
POC 
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ppd 
ppm 
ppm/ft 
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PREC 
RBDD 
Reclamation 
redox 
RIMS II 
RMA 
ROG 
SAFCA 
SB 
scs 
SDS 
SESO 
SFBAAB 
SHPO 
SIP 
SJCCDD 
SJCGP 
SJCMAD 
S]VAB 
S]VUAPCD 
SLC 
SMAQMD 
SNV 
so.,.2 · 

SR 
ss 

National Environmental Policy Act 
National Historic Preservation Act 
nanometer 
National Marine Fisheries Service 
nitrate 
National Oceanic and Atmospheric Administration 
notice of intent 
notice of preparation 
oxides of nitrogen 
U.S. Natural Resources Conservation Service 
National Register of Historic Places 
New Source Review 
nephelometric turbidity units 
Office of Historic Preservation 
programmatic agreement 
PAR Environmental Services 
Puhlic Broadcasting System 
Pesticide Contamination Prevention Act 
Pacific Gas and Electric Company 
particulate matter smaller than or equal to 10 microns in diameter 
phosphate 
particulate organic carbon 
parts per billion 
pounds per day 
parts per million 
parts per million per foot 
parts per thousand 
Pesticide Registration and Evaluation Committee 
Red Bluff Diversion Dam 
U.S. Bureau of Reclamation 
reduction -oxidation 
Regional Input-Output Modeling System 
Resource Management Associates 
reactive organic gases 
Sacramento Area Flood Control Agency 
Senate Bill 
U.S. Soil Conservation Service 
simulated distribution system 
Sacramento Endangered Species Office 
San Francisco Bay Area Air Basin 
State Historic Preservation Officer 
State Implementation Plan 
San Joaqwn County Community Development Department 
San Joaquin County General Plan 
San Joaquin County Mosquito Abatement District 
San Joaquin Valley Air Basin 
San Joaquin Valley Unified Air Pollution Control District 
California State Lands Commission 
Sacramento Metropolitan Air Quality Management District 
specific numerical value' 
sulfate 
State Route 
suspended sediments 
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USDA 
USFWS 
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State Water Project 
California State Water Resources Control Board 
Surface Water Treatment Rule 
thousand acre-feet 
thousand acre-feet per year 
total dissolved solids 
total formation potential carbon 
tnhalomethane 
trihalomethane formation potential 
total organic carbon 
tons per year 
Toxic Substances Monitoring Program 
U.S. Government Code of Regulations 
U.S. Department of Agriculture 
U.S. Fish and Wildlife Service 
U.S. Geological Survey 
ultraviolet light absorpance 
ultrasonic velocity meter 
volume-to-capacity ratio 
valley elderberry longhorn beetle 
Western Area Power Administration 
water treatment plant model 
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STATE OF CALIFORNIA 

STATE WATER RESOURCES CONTROL BOARD 

DIVISION OF WATER RIGHTS 
P 0. BOX 2000. Socromento. CA 95810 
901 P Street. S.cre.,ento. CA 95814 

~<OTICE OF APPLICATIONS TO APPROPRIATE WATER 

APPLICATIONS 29061, 29062, 29063 AND 29066 

Notice is hereby given that on July 9, 1987 

Bedford Properties 
c/o John L. Winther, P.O. Box 1267, Lafayette, CA 94549 

GEORGE DEUKMEJIAN. Governor 

Applied to the State Water Resources Control Board for permits to appropriate 
water, subject to vested rights. The Board has determined that the applications 
are in compliance with Section 65943 of the Government Code. 

APPLICATION 29061 

DESCRIPTION OF PROJECT 

The applicant proposes to construct a 96,070 acre-foot capacity offstream 
reservoir with a surface area of 4,630 acres. The proposed reservoir will 
cover all that portion of Bouldin Island south of State Highway 12. Water will 
be diverted to the reservoir by gravity flow from Little Potato Slough, 
t1okelumne River, San Joaquin River and Potato Slough via various existing 
siphons and gates in the existing levees and a proposed set of five 48-inch 
diameter pipe siphons. The maximum rate of diversion to offstream storage will 
not exceed 3,000 cubic feet per second (cfs). The offstream reservoir and all 
initial points of diversion are located in San Joaquin County. The water is 
used for municipal, irrigation and domestic uses all within a portion of the 
service areas of the California Department of Water Resources, State Water 
Project and U.S. Bureau of Reclamation, Central Valley Project, as shown on 
maps on file with the State Water Resources Control Board. 

APPLICATIO~ INFORMATION 

~ain Point of Diversion 

Water to be appropriated from Little Potato Slough tributary to 
San Joaquin River Delta Channels 

Point of Diversion within NEt of NWt of projected Section 26, T3N, R4E, MDB&M 

Other Points of Diversions 
(Existing & Movable Siphons, and Gates) 

Water to be appropriated from Mokelumne River tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the west shore line of Bouldin Island starting 
from a point within the SWt of NE~ of projected Section 7, to a point within 
the NE~ of SE~ of projected Section 19, all within T3N, R4E, MDB&M 

Water to be appropriated from San Joaquin River tributary to 
Suisun Bay 

Points of Diversion are along the west shore line of Bouldin Island starting 
from a point within~he NE~ of SE~ of projected Section 19, to a point within 
the NE~ of NE~ of projected Section 30, all within T3N, R4E, MDB&M 

Water to be appropriated from Potato Slough tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the south shore line of Bouldin Island starting 
from a point within the NE~ of NE~ of projected Section 30, to a point within 
the NW~ of NE~ of projected Section 35, all within T3N, R4E, MDB&M 

Water to be appropriated from Little Potato Slough tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the east shore line of Bouldin Island starting 
from a point within the NW~ of NE~ of projected Section 35, to a point within 
the NE~ of NE~ of projected Section 14, all within T3N, R4E, MDB&M 

In the County of San Joaquin 
Amount applied for: 96,070 acre-feet per annum by storage 
Water to be used for: Municipal, Irrigation and Domestic 
Diversion season named: December 15 to May 1 
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APPLICATION 29062 

DESCRIPTION OF PROJECT 

The applicant proposes to construct a 106,900 acre-foot capacity offstream 
reservoir with a surface area of 5,260 acres. The proposed reservoir will 
cover all of the property located within Webb Tract. Water will be diverted to 
the reservoir by gravity flow from Old River, False River, Fishermans Cut, and 
San Joaquin River via various existing siphons and gates in the existing levees 
and a proposed set of ten 48-inch diameter pipe siphons. The maximum rate of 
diversion to offstream storage will not exceed 5,000 cubic feet per second 
(cfs). The offstream reservoir and all initial points of diversion are located 
in Contra Costa County. The water will be used for municipal, irrigation, and 
domestic uses all within a portion of the service areas of the California 
Department of Water Resources,State Water Project and u.s. Bureau of 
Reclamation, Central Valley Project, as shown on maps on file with the State 
Water Resources Control Board. 

APPLICATION INFORMATION 

Main Point of Diversion 

Water to be appropriated from False River tributary to 
San Joaquin River Delta Channels 

Point of Diversion within SE~ of NW~ of projected Section 36, T3N, R3E, MDB&M 

Other Points of Diversions 
(Existing & Movable Siphons, and Gates) 

Water to be appropriated from Old River tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the southeast shore line of Webb Tract starting 
from a point within the NWt of SE~ of projected Section 30, to a point within 
the SWt of NWt of projected Section 31, all within T3N, R4E, MDB&M 

Water to be appropriated from False River tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the south shore line of Webb Tract starting 
from a point within the SWt of NW~ of projected Section 31, T3N, R4E, MDB&M, to 
a point within the SWk of SEt of projected Section 33, T3N, R3E, MDB&M 

Water to be appropriated from Fishermans Cut tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the west shore line of Webb Tract starting 
from a point within the SWt of SEt of projected Section 33, to a point within 
the NW~ of NEt of projected Section 28, all within T3N, R3E, MDB&M 

Water to be appropriated from San Joaquin River tributary to 
Suisun Bay 

Points of Diversion are along the north and east shore line of Webb Tract 
starting from a point within the NWt of NEt of projected Section 28, T3N, R3E, 
MDB&M, to a point within the NWt of SEt of projected Section 30, T3N, R4E, MDB&M 

In the County of Contra 
Amount applied for:­
Water to be used for: 
Diversion season named: 

APPLICATION 29063 

DESCRIPTION OF PROJECT 

Costa 
106,900 acre-feet per 
Municipal, Irrigation 
December 15 to May 1 

annum by storage 
and Domestic purposes 

The applicant proposes to construct a 69,050 acre-foot capacity offstream 
reservoir with a surface area 'of 4,100 acres. The proposed reservoir will 
cover all of the property located within Holland Tract. Water will be diverted 
to the reservoir by gravity flow from Holland Cut, Rock Slough, Sand Mound 
Slough, and Roosevelt Cut via various existing siphons and gates in the 
existing levees and a proposed set of four 48-inch diameter pipe siphons. The 
maximum rate of diversion to offstream storage wiil not exceed 3,000 cubic feet 
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per second (cfs). The offstream reservoir and all initial points of diversions 
are located in Contra Costa County. The water will be used for municipal, 
irrigation, and domestic uses all within a portion of the service areas of the 
California Department of Water Resources, State Water Project and u.s. Bureau 
of Reclamation, Central Valley Project, as shown on maps on file with the State 
Water Resources Control Board. 

APPLICATION INFORMATION 

Main Point of Diversion 

Water to be appropriated from Holland Cut tributary to 
Old River, thence San Joaquin River Delta Channels 

Point of Diversion within NWk of SWk of projected Section 19, T2N, R4E, MDB&M 

Other Points of Diversions 
(Existing & Movable Siphons, and Gates) 

Water to be appropriated from Holland Cut tributary to 
Old River, thence San Joaquin River Delta Channels 

Points of Diversion are along the east shore line of Holland Tract 
starting from a point within the SWk of SWk of projected Section 7, to a point 
within the NWk of SWk of projected Section 31, all within T2N, R4E, MDB&M 

Water to be appropriated from Rock Slough tributary to 
Old River, thence San Joaquin River Delta Channels 

Points of Diversion are along the south shore line of Holland Tract 
starting from a point within the NWk of SWk of projected Section 31, T2N, R4E, 
MDB&M, to a point within the SWk of NW\ of projected Section 35, T2N, R3E, MDB&M 

Water to be appropriated from Sand Mound Slough tributary to 
Old River, thence San Joaquin River Delta Channels 

Points of Diversion are along the west shore line ·of Holland Tract 
starting from a point within the SW\ of NWk of projected Section 35, to a point 
within the NWk of SW\ of projected Section 23, all within T2N, R3E, MDB&M 

Water to be appropriated from Roosevelt Cut tributary to 
Old River, thence San Joaquin River Delta Channels 

Points of Diversion are along the north shore line of Holland Tract 
starting from a point within the NW\ of SWk of projected Section 23, T2N, R3E, 
MDB&M, to a point within the SWk of SW\ of projected Section 7, T2N, R4E, MDB&M 

In the County of Contra 
Amount applied for: 
Water to be used for: 
Diversion season named: 

APPLICATION 29066 

DESCRIPTION OF PROJECT 

Costa 
69,050 acre-feet per annum by storage 
Municipal, Irrigation, and Domestic purposes 
December 15 to May 1 

The applicant proposes to construct a 110,570 acre-foot capacity offstream 
reservoir with a surface area of 5,450 acres. The proposed reservoir will 
cover all of the ~roperty located within Bacon Island. Water will be diverted 
to the reservoir by gravity flow from Middle River, Santa Fe Dredge Cut, Old 
River and Connection Slough via various existing siphons and gates in the 
existing levees and a proposed set of ten 48-inch diameter pipe siphons. The 
maximum rate of diversion to offstream storage will not exceed 5,000 cubic feet 
per second (cfs). The offstream reservoir and all initial points of diversion 
are located in San Joaquin County. The water will be used for municipal, 
irrigation, and domestic uses all within a portion of the service areas of the 
California Department of Water Resources, State Water Project and u.s. Bureau 
of Reclamation, Central Vall~y Project, as shown on maps on file with the State 
Water Resources Control Board. 
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APPLICATION INFORMATION 

Main Point of Diversion 

Water to be appropriated from Connection Slough tributary to 
Middle River, thence San Joaquin River Delta Channels 

Point of Diversion within NW~ of SW~ of projected Section 21, T2N, R4E, MDB&M 

Other Points of Diversion 
(Existing & Movable Siphons, and Gates) 

Water to be appropriated from Middle River tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the east shore line of Bacon Island 
starting from a point within the SE~ of SW~ of projected Section 22, T2N, R4E, 
MDB&M, to a point within the NE~ of NE~ of projected Section 16, T1N, R4E, MDB&M 

Water to be appropriated from Santa Fe Dredge Cut tributary to 
Old River, thence San Joaquin River Delta Channels 

Points of Diversion are along the south shore line of Bacon Island 
starting from a point within the NE~ of NE~ of projected Section 16, to a point 
within the NW~ of NE~ of projected Section 17, all within TlN, R4E, MDB&M 

Water to be appropriated from Old River tributary to 
San Joaquin River Delta Channels 

Points of Diversion are along the west shore line of Bacon Island 
starting from a point within the NW~ of NE~ of projected Section 17, TlN, R4E, 
MDB&M, to a point within the SW~ of SW~ of projected Section 20, T2N, R4E, MDB&M 

Water to be appropriated from Connection Slough tributary to 
Middle River, thence San Joaquin River Delta Channels 

Points of Diversion are along the north shore line of Bacon Island 
starting from a point within the SW~ of SW~ of projected Section 20, to a point 
within the SE~ of SW~ of projected Section 22, all within T2N, R4E, MDB&M 

In the County of San Joaquin 
Amount applied for: 110,570 acre-feet per annum by storage 
Water to be used for: Municipal, Irrigation, and Dometic purposes 
Diversion season named: December 15 to May 1 

ENVIRONMENTAL INFORMATION 

The State Water Resources Control Board (State Board) is lead agency, pursuant 
to the California Environmental Quality Act (CEQA), and is responsible for 
preparing appropriate environmental documents for the proposed project in 
compliance with CEQA. Since the project may have significant environmental 
effects, the State Board has determined that preparation of an Environmental 
Impact Report (EIR) for the project will be required. Furthermore, the State 
Board will likely collaborate with the u.s. Army Corps of Engineers in 
preparing a joint EIR/Environmental Impact Statement (EIS) for the project to 
satisfy the additional requirements of the National Environmental Policy Act 
(NEPA). All inquiries relative to environmental review matters concerning this 
project should be directed to Mr. Jim Canaday, State Water Resources C~ntrol 
Board, Division of Water Rights, P.O. Box 2000, Sacramento, CA 95810. 
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RELATIVE TO PROTESTS 

Protests may be based on possible injury to vested rights or an allegation that 
the proposed appropriations would not be within the Board's jurisdiction, would 
not be in the public interest, would have an adverse environmental impact, 
would result in waste, unreasonable method of use, or unreasonable method of 
diversion,would impair public trust uses, or would be contrary to law. Any 
person desiring to protest the Board's issuance of permits pursuant to these 
applications shall within 60 days from date of issuance of this notice shown 
below (or within such further time as may, for good cause shown, be allowed) 
file a written protest with the State Water Resources Control Board, P. o. 
Box 2000, Sacramento, California 95810 in care of the contact person specified 
below. Protest forms will be furnished free of charge upon request. A copy of 
any protest shall be sent to the applicant. 

CONTACT PERSON: 

For protest forms, call (916) 322-4503. 
For information in regard to protest and time extension, 
call 0. P. Gulati (916) 324-5630. 
For information in regard to CEQA, call Jim Canaday (916) 324-5648. 

Dated: 





STATE OF CALIFORNIA PETE W1LSON, Governor 

STATE WATER RESOURCES CONTROL BOARD Mailing Address 
THE PAUL R. BONDERSON BUILDING 
901 P STREET 

DIVISION OF WATER RIGHTS 
P.O. BOX 2000. Sacramento. CA 95812·2000 

SACRAMENTO. CA 95B14 

NOTICE OF APPLICATIONS TO APPROPRIATE WATER 
AND 

PETITIONS TO CHANGE PENDING APPLICATIONS 

(1) NEW APPLICATIONS 30267, 30268, 30269 and 30270, 

(2) PETITIONS TO CHANGE APPLICATIONS 29061, 29062, 29063 and 29066: 

Notice is hereby given that on July 21, 1993 

Delta Wet 1 ands 
John L. Winther, President 
3697 Mt. Diablo Blvd., Suite 12~ 
Lafayette, CA 94549 

(1) applied to the State Water Resources Control Board (State Water Board) for 
additional permits to appropriate water subject to prior rights under Section 
1200 et seq. of the California Water Code. These new applications request: 
(a) direct diversion rights, (b) additional storage amounts, and (c) a longer 
season of diversion than the earlier applications. The State Water Board has 
determined that the applications are in compliance with Section 65943 of the 
Government Code, and 

(2) petitioned the State Water Board under Section 1700 et seq. of the Water 
Code to change the initial applications by: (a) changing and adding points of 
diversion, (b) adding points of rediversion, (c) adding the Bay/Delta Estuary 
to the place of use, and (d) adding Industrial, Fish and Wildlife Preservation 
and Enhancement, and Water Quality uses to the purpose(s) of use specified in 
the earlier applications. The purpose of the change petitions is to conform 
the above items in the initial applications to the new applications as 
described below. 

The purpose(s) of this notice are: (I) to give persons concerned about Delta 
Wetlands Applications 30267, 30268, 30269 and 30270 to appropriate water from 
the various Delta Channels an opportunity to protest State Water Board 
approval of the applications, and (2) to give persons concerned about Delta 
Wetlands' petitions to change its pending applications an opportunity to 
protest State Water Board approval of Applications 29061, 29062, 29063 and 
29066 as amended by the petitions. Protests filed pursuant to the December 4, 
1987 notice.of Applications 29061, 29062, 29063, and 29066 need not be 
resubmit t~d :· 

The allowable bases for acceptance of protests, procedures related to the ; 
filing of protests, and the name, telephone number, and mailing address of' 
contact persons designated to answer questions concerning these applications 
and petitions are provided later in this notice. 

BACKGROUND 

Bedford Properties (Delta Wetlands) filed Applications 29061, 29062, 29063 and 
29066 on July 9, 19£7 for seasonal storage of unappropriated water on four 
islands in the Sacramento/San Joaquin Delta. The islands involved in the 
Delta Wetlands Project (Project) are Bouldin Island, Webb Tract, Holland Tract 
and Bacon Island located as shown on the map on page 10 of this notice. 

In December of 1990 a draft Environmental Impact Report (EIR)/Environmental 
Impact Statement (EIS) for the Project was circulated by the lead agencies. 
The State Water Board is lead agency under the California Environmental 
Quality Act (CEQA) and the U.S. Army Corps of Engineers (COE) is lead agency 
under the National Environmental Policy Act (NEPA). 

Delta Wetlands filed Applications 30267, 30268, 30269 and 30270, and petitions 
to change pending Applications 29061, 29062, 29063 and 29066 on July 21, 1993. 
The revised project description is given below, followed by specifics of the 
new applications and the petitions to change the previous applications. The 
lead agencies are preparing a new draft EIR/EIS which they will circulate for 
comment before the State Water Board considers approval of.the applications. 



DELTA WETLANDS PROJECT DESCRIPTION 

During times when water in excess of the rights of senior water right holders 
and in excess of fish and wildlife requirements is present in the Delta, water 
will be diverted onto the islands using several existing siphons and two new 
siphon stations proposed for construction on each island. New diversions will 
be screened to comply with requirements of the fishery agencies. The interior 
of the levees will be strengthened to accommodate the proposed use of the 
islands as reservoirs. 

Throughout the year, but primarily from January through September annually, 
water will be discharged upon demand from new pumping stations proposed for 
construction on each island. The water will be rediverted at State and/or 
Federal pumping facilities and/or used for Water Quality or Fish and Wildlife 
Preservation and Enhancement purposes. 

Reservoir water will be available for purchase by water purveyors and/or users 
within the CVP and SWP service areas or the Bay Delta Estuary. It may be used 
for Irrigation, Domestic, Municipal, Industrial, Fish & Wildlife Preservation 
& Enhancement or Water Quality uses. The proposed operation may result in 
several cycles of reservoir filling and emptying. Water from one Delta 
Wetland Island may also be released for rediversion onto other Delta Wetlands 
Islands in order to optimize project operations. Normally, by the end of 
September, all appropriative water will have been discharged from the islands. 
The islands will then be managed for enhancement of waterfowl habitat uses 
until the next diversion season begins and appropriative water again becomes 
available for diversion. 

EXPLANATION OF DIRECT DIVERSION VS STORAGE RE: THE DELTA WETLANDS PROJECT 

Applications 29061, 29062, 29063 and 29066 are for storage of water as defined 
in 23 CCR Section 658 on Delta Wetlands' islands during the December 15 to 
May 1 collection season. New Applications 30267, 30268, 30269, and 30270 add 
additional storage with a year-round collection season. For the purposes of 
this notice and for water right licensing purposes, storage of water means the 
initial filling of the reservoirs during each collection season and reservoir 
refill held in storage for at least 30 days. 

Applications 30267, 30268, 30269 and 30270 are for: (a) additional storage of 
water year-round, plus (b) direct diversion or regulation of water on Delta 
Wetlands' islands year-round as defined in 23 CCR Section 657. For the 
purposes of this notice and for water right licensing purposes, regulation of 
water m~a~_~o refill a reservoir and hold the water for less than 30 days. 

DESCRIPTION OF THE BOULDIN ISLAND ELEMENT 

The applicant proposes to develop a 108,000 acre-foot (AF) capacity offstream 
storage/regulatory reservoir on Bouldin Island with a surface area of about 
4,657 acres. The proposed reservoir will cover that portion of the island 
south of State Highway # 12 with about 23 feet of water. About 2,000 AF of 
water will be stored north of Highway # 12 with an average depth of about 2 
feet. The water will b~ diverted to the reservoir by gravity and pumped flow 
from: (A) the Mokelumne River, (B) Little Potato Slough, (C) Potato Slough, 
and (D) the San Joaquin River. The primary means of diversion will be by two 
sets of nine proposed, 48" diameter screened pipe siphons, to be located on 
sources (A) and (B) as described below. Various existing siphons and gates in 
the existing levees as identified below may be used to divert water from 
sources (A), (B), (C) and (D). The installed capacity of all diversion 
facilities on Bouldin Island will be 3,504 cubic feet per second (cfs). The 
reservoir and all existing and proposed points of diversion on Bouldin Island 
are in San Joaquin County. The requested purpose(s) of use are for 
Irrigation, Domestic, Municipal, Industrial, Fish & Wildlife Preservation & 
Enhancement or Water Quality uses. The place(s) of use proposed for Bouldin 
Island diversions are within the CVP service area, the SWP service area, and 
the Bay Delta Estuary as shown on maps on file with the State Water Board. 
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SPECIFICS OF NEW APPLICATION 30267 

Sources of water to be appropriated are from: 

(A) the Mokelumne River, tributary to San Joaquin River Delta Channels 
(1) at a new point of diversion within SE1/4 of NW1/4 of projected 
Section 20, T3N, R4E, Mount Diablo Base and Meridian (MDB&M) 

(2) at 22 existing points of diversion along the north and west 
shore line of Bouldin Island starting from a point within the 
SW1/4 of NE1/4 of projected Section 7, to a point within the NE1/4 
of SE1/4 of projected Section 19, all within T3N, R4E, MDB&M 

(B) Little Potato Slough, tributary to San Joaquin River Delta Channels 
(1) at a new point of diversion within NE1/4 of SEl/4 of projected 
Section 23, T3N, R4E, MDB&M 

(2) at 6 existing points of diversion along the east shore line 
of Bouldin Island starting from a point within the NWl/4 of NEl/4 
of projected Section 35, to a point within the NEl/4 of NEl/4 of 
projected Section 14, all within T3N, R4E, MDB&M 

(C) Potato Slough, tributary to San Joaquin River Delta Channels 
at 16 existing points of diversion along the south shore line of 
Bouldin Island starting from a point within the NWl/4 of NEl/4 
of projected Section 30, to a point within the NWl/4 of NEl/4 of 
projected Section 35, all within T3N, R4E, MDB&M. 

(D) San Joaquin River, tributary to Suisun Bay 
at an existing point of diversion along the west shore line of 
Bouldin Island between a point within the NEl/4 of SEl/4 
of projected Section 19, and a point within the NEl/4 of NEl/4 
of projected Section 30, all within T3N, R4E, MDB&M. 

Rediversion of Bouldin Island reservoir water: 
(1) at the State Water Project Banks Pumping Plant (SWP Banks) 
within the NW1/4 of SEl/4 of projected Section 20, TIS, R4E, MDB&M 

(2) at the Central Valley Project Tracy Pumping Plant (CVP 
Tracy) within the NEl/4 of SW1/4 of projected Section 29, TIS, 
R4E, MDB&M 

_{3) at the CVP Contra Costa Canal entrance within the 
· NEI/4 of Section 33, T2N, R3E, MDB&M 

SEl/4 of 

(4) at all points of diversion requested in Application 30268 

(5) at all points of diversion requested in Application 30269 

(6) at all points of diversion requested in Application 30270. 

In the County of San Joaquin 

Amount applied for: 

Water to be used for: 

110,000 acre-feet per annum (afa) by storage 
2,500 cfs by direct diversion, up to 216,000 afa. 

Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 

Diversion season named: January 1 to December 31. 

Place of Use: within the CVP service area, the SWP service area, 
and the Bay Delta Estuary as shown on maps on file 
with the State Water Board. 
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DESCRIPTION OF PETITIONED CHANGES TO PENDING APPLICATION 29061 

Changes in Points of Diversion and Rediversion: 

(1) delete the primary point of diversion in Application 29061 

(2) add: (1) the primary points of diversion, (2) the existing 
points of diversion, and (3) the points of rediversion specified 
in Application 30267 described above. 

Change the place of use to 
within the CVP service area, the SWP service area, and 
the Bay Delta Estuary as shown on maps on file with the 
State Water Board. 

Change the purpose of use to 
Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 

DESCRIPTION OF THE WEBB TRACT ELEMENT 

The applicant proposes to develop a 131,000 acre-foot (AF) capacity 
storage/regulatory reservoir on Webb Tract with a surface area of about 5,345 
acres. The proposed reservoir will cover the island with about 25 feet of 
water. The water will be diverted to the reservoir by gravity and pumped flow 
from: {A) False River, (B) San Joaquin River, and (C) Old River. The primary 
means of diversion will be by two sets of nine proposed, 48" diameter 
screened pipe siphons, to be located on sources (A) and (B) as described 
below. Various existing siphons and gates in the existing levees as 
identified below may be used to divert water from sources (A), (B), and (C). 
The installed capacity of all diversion facilities on Webb Tract will be 
4,733 cfs. The reservoir and all existing and proposed points of diversion on 
Webb Tract are in Contra Costa County. The requested purpose(s) of use are 
for Irrigation, Domestic, Municipal, Industrial, Fish & Wildlife Preservation 
& Enhancement or Water Quality uses. The place(s) of use proposed for Webb 
Tract diversions are within the CVP service area, the SWP service area, and 
the Bay Delta Estuary as shown on maps on file with the State Water Board. 

SPECIFICS OF NEW APPLICATION 30268 

Sources of. ~qter to be appropriated are from: 

{A) False River, tributary to San Joaquin River Delta Channels . 
(I) at a new point of diversion within SWI/4 of NEI/4 of projecled 
Section 36, T3N, R3E, MDB&M 

(2) at 6 existing points of diversion along the south shore line 
of Webb Tract starting from a point within the SW1/4 of NWI/4 of · 
projected Section 31 of T3N, R4E, MDB&M, to a point within the 
SW1/4 of SE1/4 of projected Section 33 within T3N, R3E, MDB&M 

{B) San Joaquin-River, tributary to Suisun Bay 
(1) at a new point of diversion within NE1/4 of SW1/4 of projected 
Section 19, T3N, R4E, MDB&M 

(2) at 11 existing points of diversion along the north and east 
shore lines of Webb Tract starting from a point within the NW1/4 
of NEI/4 of projected Section 28, to a point within the NWl/4 of 
SE1/4 of projected Section 30, all within T3N, R3E, MDB&M 

{C) Old River, tributary to San Joaquin River Delta Channels 
at an existing Point of Diversion along the southeast shore line 
of Webb Tract between a point within the NWI/4 of SE1/4 of 
projected Section 30, and a point within the SW1/4 of NW1/4 of 
projected Section 31, within T3N, R4E, MDB&M. 
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Rediversion of Webb Tract reservoir water: 
(I) at SWP Banks within the NWI/4 of SEl/4 of projected Section 
20, TIS, R4E, MDB&M 

(2) at CVP Tracy within the NEl/4 of SWl/4 of projected Section 
29, TIS, R4E, MDB&M 

(3) at the Contra Costa Canal intake within the SEl/4 of 
NEl/4 of Section 33 T2N, R3E, MDB&M 

(4) at all points of diversion requested in Application 30267 as 
described above 

(5) at all points of diversion requested in Application 30269 as 
described below 

(6) at all points of diversion requested in Application 30270 as 
described below. 

In the County of Contra Costa 
Amount applied for: 155,000 acre-feet per annum (afa) by storage 

Water to be used for: 

3,000 cfs by direct diversion, up to 262,000 afa. 

Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 

Diversion season named: January 1 to December 31. 

Place of Use: within the CVP service area, the SWP service area, 
and the Bay Delta Estuary as shown on maps on file 
with the State Water Board. 

DESCRIPTION OF PETITIONED CHANGES TO PENDING APPLICATION 29062 

Changes in points of diversion and rediversion: 
(1) delete the primary point of diversion in Application 29062 

(2) add the: (1) primary points of diversion, (2) existing points 
of diversion, and (3) points of rediversion specified in 
Application 30268 as described above. 

Change the place of use to 
~ .within the CVP service area, the SWP service area, and 

·•the Bay Delta Estuary as shown on maps on file with the 
State Water Board. 

Change the purpose of use to 
Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality uses. 

DESCRIPTION OF THE HOLLAND TRACT ELEMENT 

The applicant prop~es to develop a 80,000 AF capacity storage/regulatory 
reservoir on Holland Tract with a surface area of about 4,152 acres. The 
proposed reservoir will cover the island with about 21 feet of water. The 
water will be diverted to the reservoir by gravity and pumped flow from: 
(A) Roosevelt Cut, (B) Holland Cut-Old River, (C) Rock Slough, and (D) Sand 
Mound Slough. The primary means of diversion will be by two sets of nine 
proposed, 48" diameter screened pipe siphons, to be located on sources (A) and 
(B) as described below. Various existing siphons and gates in the existing 
levees as identified below may be used to divert water from sources (A), (B), 
(C), and (D). The installed capacity of all diversion facilities on Holland 
Tract will be 3,254 cubic feet per second (cfs). The reservoir and all 
existing and proposed points of diversion on Holland Tract are in Contra Costa 
County. The requested purpose(s) of use are for Irrigation, Domestic, 
Municipal, Industrial, Fish & Wildlife Preservation & Enhancement or Water 
Quality uses, The place(s) of use proposed for Holland Tract diversions are 
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within the CVP service area, the SWP service area, and the Bay Delta Estuary 
as shown on maps on file with the State Water Board. 

SPECIFICS OF NEW APPLICATION 30269 

Sources of water to be appropriated are from: 

(A) Roosevelt Cut, tributary to Old River, thence San Joaquin River 
Delta Channels 

(1) at a new point of diversion within the SWl/4 of SEl/4 of 
Section 12, T2N, R3E, MDB&M 

(2) at 4 existing points of diversion along the north/west shore 
line of Holland Tract starting from a point within the NWl/4 of 
SWI/4 of projected Section 23, T2N, R3E, MDB&M, to a point 
within the SWl/4 of SWl/4 of projected Section 7, within T2N, R4E, 
MDB&M. 

(B) Holland Cut-Old River, tributary to San Joaquin River Delta channels 
(1) at a point of diversion within SEl/4 of NW1/4 of projected 
Section 19, T2N, R4E, MDB&M 

(2) at 7 existing points of diversion along the east shore line 
of Holland Tract starting from a point within the SW1/4 of SWl/4 
of projected Section 7, to a point within the NWI/4 of SW1/4 of 
projected Section 31, all within T2N, R4E, MDB&M 

(C) Rock Slough, tributary to Old River, thence San Joaquin River Delta 
channels 

at 5 existing points of diversion along the south shore line of 
Holland Tract starting from a point within the NW1/4 of SWI/4 
of projected Section 31, T2N, R4E, MDB&M, to a point within the 
SWl/4 of NW1/4 of projected Section 7, within T2N, R3E, MDB&M 

(D) Sand Mound Slough, tributary to Old River, thence San Joaquin River 
Delta Channels 

at a 5 points of diversion along the north/west shore line of 
Holland Tract starting from a point within the SWl/4 of NWl/4 
of projected Section 35, to a point within the NW/4 of SW/4 of 
projected Section 23, all within T2N, R3E, MDB&M 

Rediversion of Holland Tract reservoir water: 
• -(1) at SWP Banks within the NWl/4 of SEl/4 of projected 
. ~ection 20, TIS, R4E, MDB&M 

(2) at CVP Tracy within the NEI/4 of SWl/4 of projected Section; 
29, TIS, R4E, MDB&M 

(3) at the Contra Costa Canal intake within the SEI/4 of 
NEl/4 of Section 33 T2N, R3E, MDB&M 

(4) at all points of diversion requested in Application 30267 as 
described above 

(5) at all points of diversion requested in Application 30268 as 
described above 

(6) at all points of diversion requested in Application 30270 as 
described below. 

In the County of Contra Costa 
Amount applied for: 90,000 acre-feet per annum (afa) by storage 

Water to be used for: 

2,500 cfs by direct diversion, up to 160,000 afa. 

Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 

6 



Diversion season named: January 1 to December 31. 

Place of Use: within the CVP service area, the SWP service area, 
and the Bay Delta Estuary as shown on maps on file 
with the State Water Board. 

DESCRIPTION OF PETITIONED CHANGES TO PENDING APPLICATION 29063 

Changes in points of diversion and rediversion 
(I) delete the primary point of diversion in Application 29063 

(2) add: the primary points of diversion, (2) the existing points 
of diversion, and (3) the points of rediversion specified in 
Application 30269 described above. 

Change the place of use to 
within the CVP service area, the SWP service area, and 
the Bay Delta Estuary as shown on maps on file with the 
State Water Board. 

Change the purpose of use to 
Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 

DESCRIPTION OF THE BACON ISLAND ELEMENT 

The applicant proposes to develop a I29,000 AF capacity storage/regulatory 
reservoir on Bacon Island with a surface area of about 5,456 acres. The 
proposed reservoir will cover the island with about 24 feet of water. The 
water will be diverted to the reservoir by gravity and pumped flow from: 
(A) Connection Slough, (B) Middle River, (C) Santa Fe Dredge Cut , (D) Old 
River. The primary means of diversion will be by two sets of nine proposed, 
48" diameter screened pipe siphons to be located on sources (A) and (B) as 
described below. Various existing siphons and gates in the existing levees as 
identified below may divert water from sources (A), (B), (C) and (D). 
The installed capacity of all diversion facilities on Bacon Island will be 
4,809 cfs. The reservoir and all existing and proposed points of diversion on 
Bacon Island are in San Joaquin County. The requested purpose(s) of use are 
for Irrigation, Domestic, Municipal, Industrial, Fish & Wildlife Preservation 
& Enhancement or Water Quality uses. The place(s) of use proposed for Bacon 
Island diversions are within the CVP service area, the SWP service area, and 
the Bay De~~~ Estuary as shown on maps on file with the State Water Board. 

SPECIFICS OF NEW APPLICATION 30270 

Sources of water to be appropriated are from: 

(A) Old River, tributary to San Joaquin River Delta channels 
(I) at a new point of diversion within NEI/4 of NEI/4 of projected 
Section 30, T2N, R4E, MDB&M 

(2) at fO existing points of Diversion along the west shore line 
of Bacon Island starting from a point within the NWI/4 of NEI/4 
of projected Section I7, TIN, R4E, MDB&M, to a point within the 
SWI/4 of SWI/4 of projected Section 20, within T2N, R4E, MDB&M. 

(B) Middle River, tributary to San Joaquin River Delta channels 
(1) at a new point of diversion within NW1/4 of NW1/4 of projected 
Section 27, T2N, R4E, MDB&M 

(2) at 11 existing ~oints of diversion along the east shore line 
of Bacon Island starting from a point within the SEI/4 of SW1/4 
of projected Section 22 within T2N, R4E, MDB&M, to a point within 
the NE1/4 of NE1/4 of projected Section 16, within TIN, R4E, 
MDB&M 
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{C) Santa Fe Dredge Cut, tributary to Old River, thence San Joaquin 
River Delta channels 

at 3 existing points of diversion along the south shore line of 
Bacon Island starting from a point within the NEI/4 of NEI/4 
of projected Section 16, to a point within the NWI/4 of NEI/4 of 
projected Section I?, all within TIN, R4E, MDB&M 

(D) Connection Slough, tributary to Middle River, thence San Joaquin 
River Delta channels 

at 4 existing points along the north shore line of Bacon Island 
starting from a point within the SWI/4 of SWI/4 of projected 
Section 20, to a point within the SEI/4 of SWI/4 of projected 
Section 22, all within T2N R4E, MDB&M 

Rediversion of Bacon Island reservoir water: 
(I) at SWP Banks within the NWI/4 of SEI/4 of projected 
Section 20, TIS, R4E, MDB&M 

(2) at CVP Tracy within the NEI/4 of SWI/4 of projected Section 
29, TIS, R4E, MDB&M 

(3) at the Contra Costa Canal intake within the SEI/4 of 
NEI/4 of Section 33 T2N, R3E, MDB&M 

(4) at all points of diversion requested in Application 30267 as 
described above 

(5) at all points of diversion requested in Application 302688 as 
described above 

(6) at all points of diversion requested in Application 30269 as 
described above. 

In the County of San Joaquin 
Amount applied for: I47,000 acre-feet per annum (afa) by storage 

Water to be used for: 

3,000 cfs by direct diversion, up to 258,000 afa. 

Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 

Diversion season named: January 1 to December 31. 

Place of Use: within the CVP service area, the SWP service area, 
and the Bay Delta Estuary as shown on maps on file 
with the State Water Board. 

DESCRIPTION OF PETITIONED CHANGES TO PENDING APPLICATION 29066 

Changes in points of diversion and rediversion: 
(I) delete the primary point to diversion in Application 29066 

(2) add : (1) the primary points of diversion, (2) the existing 
points of diversion, and (3) the points of rediversion specified 
in Applic!tion 32070 described above. 

Change the place of use to 
within the CVP service area, the SWP service area, and 
the Bay Delta Estuary as shown on maps on file with the 
State Water Board. 

Change the purpose of use to 
Irrigation, Domestic, Municipal, Industrial, Fish & 
Wildlife Preservation & Enhancement or Water Quality 
uses. 
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ENVIRONMENTAL INFORMATION 

The State Water Board is lead agency under CEQA and is responsible for 
preparing appropriate environmental documents for the Delta Wetlands Project 
with respect to the appropriative water right permit process. The US Army 
Corps of Engineers is lead agency under NEPA and is responsible for preparing 
appropriate environmental documents for the Delta Wetlands Project with 
respect to the federal Rivers and Harbors Act Section 10 & Clean Water Act 
Section 404 permits required for construction the project. 

In December of 1990 a draft Environmental Impact Report (EIR)/Environmental 
Impact Statement (EIS) for the project was circulated by the lead agencies. 
Operation of the project will comply with State and federal endangered species 
laws. The lead agencies are preparing a new draft EIR/EIS which will be 
circulated for comment prior to considering approval of the applications. 

Inquiries relative to the CEQA process for the Delta Wetlands Project water 
rights permits should be addressed to: Mr. Jim Sutton at (916) 657 2190, or 
cto Division of Water Rights, Environmental Section, P.O. Box 2000, 
Sacramento, CA 95812-2000. Inquiries relative td th~ NEPA process for the 
Delta Wetlands Project COE Section 10 & 404 permits should be addressed to: 
Mr. Larry Vinzant at (916) 557 5263, or cfo US Army Corps of Engineers, 
Regulatory Section, 1325 J Street, Sacramento, CA 95814-2922. 

RELATIVE TO PROTESTS 

Any person desiring to protest the Board's approval of the petitions and 
issuance of permits pursuant to the new applications and pending applications 
shall by 4 p.m. on October 5, 1993 (or within such further time as may, for 
good cause shown, be allowed), file written protest with the State Water 
Board, Division of Water Rights, c/o .Dave Cornelius, P.O. Box 2000, 
Sacramento, CA 95812-2000. The State Water Board will provide forms and 
copies of the applicable regulations for the filing of protest(s) upon 
request. 

Any protest shall set forth: (1) the name and address of the protestant, 
(2) the reason(s) for the protestant's objection(s) to the petitions and/or 
applications, (3) any conditions on which the objection(s) could be satisfied. 

Any protest based on injury to vested right(s) shall be supported by a 
complete statement of fact(s): (1) identifying the protestant's claim of 
right(s), and (2) how the petitions or new applications will result in injury 
to the protestant. 

Any protest alleging that the petitions or the new applications will: 
(1) be coritr~·ry to law, (2) adversely affect uses protected by the public 
trust, (3) cause adverse environmental impact(s}, and tor (4} not best serve. 
the public interest, shall be supported by a complete statement of facts 
supporting the foregoing allegations and describing how the petitions or 
applications relate to the allegation(s). 

Protests filed pursuant to the December 4, 1987 notice of Applications 29061, 
29062, 29063, and 29066 need not be resubmitted. 

Copies of any protest must also be sent to the following parties: 

Regulatory Section 
US Army Corps of Engineers 
cfo Larry Vinzant 
1325 J Street 
Sacramento, CA 95814-2922 

Delta Wetlands, Inc. 
c/o Jim Easton, 
7801 Folsom Blvd., Ste. 106 
Sacramento, CA 95826 
Phone (916) 386-4200 

Questions concerning the petitions or the new applications may be directed to 
Dave Cornelius at (916) 657 1924 or FAX (916) 657 1485. 

Date: August 6, 1993 
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STATE OF CAUFORNIA - CAUFORNIA ENVIRONMENTAL PROTECTION AGENCY PETE WILSON, Governor 

STATE WATER RESOURCESCONTROL BOARD 
PAUL R. BONDERSON BUILDING 
901 P STREET 
'ACRAMENTO, CALIFORNIA 95814 

Mailing Address 

DIVISION OF WATER RIGHTS 
P.O BOX2000, Sacramento, CA 95812-2000 

Q . . 

Date: APRil 07 1995 

NOTICE OF PETITION(S) ON PENDING APPLICATIONS 30267, 30268, 30269 and 30270 

Notice is hereby given that on November 24, 1994 

Delta Wetlands, Inc. 
John L. Winther, President 
3697 Mt. Diablo Blvd., Suite 120 
Lafayette, CA 94549 

Petitioned the State Water Resources Control Board (SWRCB) under section 1701 
et seq. of the Water Code and section 791 et seq. of Title 23 California Code of 
Regulations (CCR) to change Applications 30267, 30268, 30269 and 39270 (as noticed 
August 6, 1993) only by adding on-island point(s) of diversion to facilitate 
reappropriation of water previously diverted onto the islands under other rights. 

The purpose of this notice is to give persons concerned about Delta Wetland's 
proposed addition of the on-island point(s) of diversion to Applications 30267, 
30268, 30269 and 30270 an opportunity to protest the SWRCB's inclusion of the 
proposed additional point(s) of diversion in any permits issued following hearing on 
the project. 

The allowable bases for acceptance of protests under this notice (relative to 
addition of the points of diversion), procedures related to the filing of protests, 
and the name, telephone number, and mailing address of contact persons designated to 
answer questions concerning these new petitions are provided later in this notice. 

BACKGROUND 

Bedford Properties (Delta Wetlands) filed Applications 29061, 29062, 29063 and 29066 
on July 9, 1987 for seasonal storage of unappropriated water on four islands in the 
Sacramento/San Joaquin Delta. The islands involved in the Delta Wetlands Project 
(Project) are BouldiQ Island, Webb Tract, Holland Tract and Bacon Island, located as 
shown on the map on the last page of the enclosure with this notice. 

The SWRCB is lead agency f,or this project under the California Environmental Quality 
Act (CEQA) and the U.S. Army Corps of Engineers (COE) is lead agency under the 
National Environmental Policy Act (NEPA). In December of 1990 a draft Environmental 
Impact Report (DEIR)/Environmental Impact Statement (EIS) for the Project under the 
initial applications were cir~ulated by the lead agencies. The 1990 DEIR/EIS 
discussed reappropriation of water to storage, but did not identify a legal 
mechanism for appropriation or a point where the water would be diverted. 
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On July 21, 1993 Delta Wetlands filed Applications 30267, 30268, 30269 and 30270, 
and petitions to change pending Applications 29061, 29062, 29063 and 29066. Those 
applications and petitions were noticed on August 6, 1993. Copies of the August 6 
notice are available upon request from Dave Cornelius at (916) 657-1924 or by 
writing the Division of Water Rights at the address listed below. However, please 
note in the notice, the period for protesting the 1993 applications and 1993 change 
petitions closed October 5, 1993. 

On July 15, 1994 Delta Wetlands filed a revised project description outlining a two 
island project alternative. A copy of the revised project description including a 
map showing the various locations of the islands is enclosed. Specifics of the new 
petitions to add on-island points of diversion under the new applications are 
provided later in this notice. 

EXPLANATION OF DIRECT DIVERSION VS STORAGE RE: THE DELTA WETLANDS PROJECT 

Licensed Applications 2948, 2951, 2952, and 2954 authorize direct diversion only 
from March 1 - November 1 or regulation of water as defined in 23 CCR section 657. 
Applications 30267, 30268, 30269, and 30270 propose both direct diversion and 
storage year-round as defined in 23 CCR section 658. The November 1994 petitions 
propose appropriation to storage, water that previously was appropriated by direct 
diversion under the licenses and/or appropriation of water that previously was 
diverted under claim of riparian right, at the points of diversion listed below. 
The previously diverted water would be appropriated on the islands in lieu of 
pumping it off the islands and replacing it with new water diverted from delta 
channels. 

In other words, if petitions are approved, water on the islands would be deemed 
appropriated at the on-island diversion points when water is available for 
appropriation from the delta under the priority of the 1993 applications. 

DESCRIPTION OF PETITIONS 

The November 28, 1994 petitions for change request addition of on-island points of 
diversion to facilitate the appropriation or reappropriation of water diverted onto 
the islands and used under claim of riparian right or under licensed 
Applications 2948 (Bouldin Island), 2951 (Holland Tract), 2952 (Webb Tract), and 
2954 (Bacon Islana) to storage under these application(s). The petitioner has 
requested diversion at the proposed on-island diversion points at the rate of 
capacity of the respective drainage pump(s) installed on that island. Water will be 
appropriated at the on-island diversion points only w~en water is available for 
appropriation under the priority of the 1993 applications (July 23, 1993), subject 
to all terms and conditions included in any permits issued by the State Water Board. 
The sources of the water, and specific locations of the proposed on-island points of 
diversion are listed below for each island as identified on maps on file with the 
SWRCB. 
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The amount(s) of water applied for, the purpose(s) of use, the season of diversion 
and place(s) of use would remain unchanged under the petitions. 

SPECIFICS OF CHANGES TO APPLICATION 30267 FOR BOULDIN ISLAND STORAGE 

Sources of water to be appropriated are the Bouldin Island Channels, previously 
diverted from: 

(A) the Mokelumne River, tributary to San Joaquin River Delta Channels 
(B) Little Potato Slough, tributary to San Joaquin River Delta Channels 
(C) Potato Slough, tributary to San Joaquin River Delta Channels 
(D) San Joaquin River, tributary to Suisun Bay. 

The proposed additional points of diversion (PODs) on Bouldin Island are at existing 
Pump Station "A" within the NE~ of the SE~ of Section 20, T3N, R4E, MDB&M, and at 
existing Pump Station "B" within the SE~ of the SE~ of Section 22, T3N, R4E, MDB&M, 
both in San Joaquin County. 

The rate of collection to storage requested for the new PODs would not exceed the 
capacity of the drainage pumps on Bouldin Island (currently about 200 cfs). 

SPECIFICS OF THE CHANGE TO APPLICATION 30268 FOR WEBB TRACT STORAGE 

Sources of water to be appropriated are Webb Tract Channels, previously appropriated 
from: 

(A) False River, tributa~y to San Joaquin River Delta Channels 
(B) San Joaquin River, tributary to Suisun Bay 
(C) Old River, tributary to San Joaquin River Delta Channels. 

The proposed additional POD on Webb Tract is at the proposed discharge pump Station 
to be located within the SE~ of the NW~ of Section 34, T3N, R3E, MDB&M in 
Contra Costa County. 

The rate of collection to storage requested for the new POD is 4000 cfs, the 
capacity of the proposed discharge pump station on Webb Tract. 

SPECIFICS OF CHANGES TO APPLICATION 30269 FOR HOLLAND TRACT STORAGE 

Sources of water to be appropriated are Holland Tract Channels, previously diverted 
from: 

(A) Roosevelt Cut, tributary to Old River, thence San Joaquin River Delta 
Channels 

(B) Holland Cut-Old River, tributary to San Joaquin River Delta Channels 
(C) Rock Slough, tributary to Old River, thence San Joaquin River Delta 

Channels. 
(D) Sand Mound Slough, tributary to Old River, thence San Joaquin River 

Delta Channels. 
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The proposed additional PODs on Holland Track are at existing Pump Station "A" 
located within the NW\ of the SW\ of Section 12, T3N, R3E, MDB&M, at existing Pump 
Station "B" located within the SW\ of NW\ of Section 34, T3N, R4E, MDB&M, and at 
existing Pump Station •c• located within the NW\ of the SW\ of Section 20, T2N, R4E, 
MDB&M in Contra Costa County. 

The rate of collection to storage requested for the new PODs would not exceed the 
capacity of the drainage pumps on Holland Tract (currently 200 cfs). 

SPECIFICS OF CHANGES TO APPLICATION 30270 FOR BACON ISLAND STORAGE 

Sources of water to be appropriated are Bacon Island Channels, previously diverted 
from: 

(A) Old River, tributary to San Joaquin River Delta Channels 
(B) Middle River, tributary to San Joaquin River Delta Channels 
(C) Santa Fe Dredge Cut, tributary to Old River, thence San Joaquin 
(D) Connection Slough, tributary to Middle River, thence San Joaquin 

River Delta Channels. 

The proposed additional POD on Bacon Island is at the proposed discharge pumping 
Station located within the SE\ of the SE\ of Section 8, TlN, R4E, MDB&M in 
San Joaquin County. 

The rate of collection to storage requested for the new POD is 4000 cfs, the 
capacity of the proposed discharge pump on Bacon Island. 

ENVIRONMENTAL INFORMATION 

The SWRCB is lead agency under CEQA and is responsible for preparing appropriate 
environmental documents for the Delta Wetlands Project with respect to the 
appropriative water right permit process. The US Army Corps of Engineers is lead 
agency under NEPA and is responsible for preparing appropriate environmental 
documents for the Delta Wetlands Project with respect to the federal Rivers and 
Harbors Act Section 10 & Clean Water Act Section 404 permits required for 
construction of the project. 

In December of 19~0 a draft Environmental Impact Report (EIR)/Environmental Impact 
Statement (EIS) for the project was circulated by the lead agencies. Operation of 
the project will comply with State and federal endangered species laws. The lead 
agencies are preparing a new draft EIR/EIS which is expected to be circulated for 
comment in 1995. 

Inquiries relative to the CEQA process for the Delta Wetlands Project water rights 
permits should be addressed to: Mr. Jim Sutton at (916) 657-2190, or c/o Division 
of Water Rights, Environmental Section, P.O. Box 2000, Sacramento, CA 95812-2000. 
Inquiries relative to the NEPA process for the Delta Wetlands Project COE Section 10 
and 404 permits should be addressed to: Mr. Jim Monroe at (916) 557-5266, or c/o 
US Army Corps of Engineers, Regulatory Section, 1325 J Street, Sacramento, CA 
95814-2922. 
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RELATIVE TO PROTESTS 

Any person desiring to protest the Board's approval of the petitions to include the 
PODs in any permits issued pursuant to the pending applications shall by 
4 p.m. on May 8, 1995 (or within such further time as may, for good cause shown, be 
allowed), file written protest(s) with the Division of Water Rights, 
c/o Dave Cornelius, P.O. Box 2000, Sacramento, CA 95812-2000. The SWRCB will 
provide forms and copies of the applicable regulations for the filing of protest(s) 
upon request. 

Any protest shall set forth: (1) the name and address of the protestant, 
(2) the reason(s) for the protestant's objection(s) to the petitions and/or 
applications, (3) any conditions on which the objection(s) could be satisfied. 

Any protest based on injury to vested right(s) shall be supported by a complete 
statement of fact(s): (1) identifying the protestant's claim of right(s), and 
(2) how the addition of the requested on-island points of diversion will result in 
injury to the protestant. 

Any protest alleging that the petitions or the new applications will: 
(1) be contrary to law, (2) adversely affect uses protected by the public trust, 
(3) cause adverse environmental impact(s), and for (4) not best serve the public 
interest, shall be supported by a complete statement of facts supporting the 
foregoing allegations and describing how the petitions or applications relate to the 
allegation( s). 

Protests accepted pursuant to the December 4, 1987 notice of Applications 29061, 
29062, 29063, and 29066 remain valid and should not be resubmitted. Protests 
accepted pursuant to the August 6, 1993 notice of Applications 30267, 30268, 30269, 
and 30270 and the 1993 petitions remain valid and should not be resubmitted. The 
revised project as described in the June 15, 1994 enclosure and issues raised in the 
protests will be addressed in the DEIR/EIS. 

The Applicant is expected to respond to most of the specific issues in the accepted 
protests after the lead agencies release the DEIR/EIS and prior to the hearing. 

Copies of any protest must also be sent to the following parties: 

Regulatory Section 
US Army Corps of Engineers 
c/o Jim Monroe 
1325 J Street 
Sacramento, CA 95814-2922 

Delta Wetlands, Inc. 
c/o Jim Easton 
7801 Folsom Blvd., Ste. 110 
Sacramento, CA 95826 
Phone (916) 386-4200 

Questions concerning the petitions may be directed to Dave Cornelius at 
(916) 657-1924 or FAX (916) 657-1485. 

Date: APRrt 07 1995 



DESCRIPTION 

DELTA WETLANDS PROJECT 
June 15 , 1 994 

ENCLOSURE 

General Description: The Delta Wetlands project is a proposed water supply project utilizing 
four Delta islands: Bouldin Islands, Holland Tract, Webb Tract and Bacon Island. Under the 
project proponent's preferred alternative, Bouldin Island and Holland Tract will be dedicated for 
habitat purposes with only incidental water supply benefits. Webb Tract and Bacon Island are 
to be used as year-round water supply reservoirs. 

Water Yield: The Delta Wetlands project will divert and store surplus Delta flows for later 
release and possible export. The proposed storage capacity of the reservoir islands is 238 
thousand acre-feet (TAF). The annual yield of the project is subject to a multitude of 
assumptions and variables but is expected to develop an average of more than 200 TAF of water 
per year. The project is also well positioned to facilitate water transfers or banking programs. 

Reservoir Islands: The two reservoir islands, Webb Tract and Bacon Island may divert water 
at any time of the year under the preferred alternative; however, water will most likely be 
available in the winter and spring during periods of high Delta flows. Diversions onto the 
reservoir islands. will be subject to permit conditions to protect senior water right holders, as 
well as critical life stages of Delta fisheries in the vicinity of the points of diversions. Water 
will be diverted onto the reservoir islands by a series of 36" siphons and each siphon will be 
fitted with an individual fish screen to avoid fish entrainment. The reservoirs will be capable 
of rapid filling with a maximum diversion capacity of 4,500 cfs per reservoir and could be filled 
in as few as three weeks. The stored water will be pumped from the islands to the adjacent 
Delta channels for beneficial use. The reservoir islands will not fill every year, but under 
certain circumstances, may be able to fill and drain more than once during the same year or may 
carry over storage from one year to the next. The beneficial use of the water could be for 
export from the Delta or could support Delta water quality or flow standards. 

Habitat Islands: The two habitat islands, Bouldin Island and 3,014 acres on Holland Tract will 
be operated primarily for wildlife benefits, although a small amount of water storage may also 
be developed. Tl!_e habitat will include a mosaic of habitat types managed primarily for 
migratory waterfowl and two listed terrestrial species (greater sandhill crane and Swainson's 
hawk), but will also provide year-round benefits for many other wildlife species. A habitat 
management plan (HMP) has been prepared to describe in detail the implementation and 
operations on the habitat islands. 
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Terrestrial Habit: One hundred and fifty years ago, there were five million acres of wetlands 
in California. Today, less than 500,000 acres remain. The flooded islands will provide about 
9,000 acres of important new habitat every year. The production of waterfowl food will be 
many times greater than existing conditions on the islands. The 9,000 acres dedicated to a new 
habitat on Bouldin Island and Holland Tract will provide an opportunity to develop new habitat 
wildlife and waterfowl, including several endangered species. Because the wetlands will be in 
a wet or semi-moist condition year-round, invertebrate food for wildlife will be more abundant. 
Also nesting opportunities on Bouldin Island and Holland Tract will be greatly enhanced. 

Fisheries: The current agricultural diversions for irrigation will be reduced or eliminated if the 
project is approved. Eliminating these unscreened diversions will benefit fisheries, such as 
striped bass and Delta smelt. Current entrapment of eggs and larvae will be reduced. 

Levee Stability: The perimeter levees on all four islands will be habilitated to meet the current 
state recommended levee standards described in Department of Water Resources Bulletin No. 
192-82. The inside surface of the reservoir island levees on Bacon Island and Webb Tract will 
be protected from wave erosion by the installation of rock revetment. Converting these islands 
to managed habitat areas and reservoirs will reduce subsidence by decreasing oxidation of peat 
soils. Strengthened levees and reduced subsidence will improve overall levee stability on all 
four project islands. 

Seepage Control: Any potential seepage from the water storage islands to adjacent islands will 
be intercepted by a series of interceptor wells around the perimeter of the reservoir islands at 
all potentially critical locations. The interceptor wells will be installed and operating prior to 
the storage of water above normal agricultural levels. An off-island monitoring well program 
will be included to measure the effectiveness of the onsite interception system. 

Water Quality: Water will generally be diverted onto the reservoir islands when the Delta is in 
a surplus condition and Delta water quality is good. It will be pumped off of the reservoir 
islands when t-Here is a demand for water, which generally coincides with lower water 
availability and poorer water quality. The net effect is that the project, on balance, should 
improve water quality in the Delta. 

Wetlands and Fishery Research: Two dollars per acre-foot of exported water will be directed 
to wetlands and fishery research. 

DEIR/EIS Schedule: The draft environmental document is scheduled for public distribution in 
the summer of 1994. 
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Appendix 2. Supplemental Description of the Delta 
Wetlands Project Alternatives 

INTRODUCTION 

This appendix provides detailed infonnation to augment the description of the Delta Wetlands (DW) project alternatives 
presented in Chapter 2, "Delta Wetlands Project Alternatives". The following sections provide specifications for DW water 
storage facilities, including siphon and pump stations, fish screens, and levees; present an overview of patterns of water 
storage operations under the alternatives; describe recreation facilities and plans; discuss buildings and other structures on 
the DW project islands that are related to project operations; and describe the agreements, plans, and programs that relate 
to Delta water project operations and efforts to secure a more reliable high-quality water supply from the Delta. 

Design 

DW WATER STORAGE 
FACILITIES 

Siphon Stations 

Under Alternatives 1 and 2, two new siphon stations 
with 16 siphons each (spaced 40 feet apart) would be 
installed on each reservoir island (Bacon Island and 
Webb Tract). Under Alternative 3, two new siphon 
stations with 12 siphons each would also be installed on 
both Bouldin Island and Holland Tract. Each station 
would include a boat dock (maximum 10 berths) for use 
by maintenance personnel; a maintenance facility, includ­
ing a vehicle parking area and living quarters or office 
space constructed on a pile foundation; and an access 
ramp near the maintenance facility for equipment loading 
from the levee road. A minimum of two hinged gangway 
access ramps would also be constructed adjacent to 
siphon units for repair access. Each siphon station would 
be constructed along approximately 900 feet of the peri­
meter levee and would cover approximately 1 50,000 
square feet (about 3.4 acres). Figure 2-1 of this appendix 
provides a siphon station plan view. 

Siphon Units 

Figure 2-2 of this appendix shows a conceptual 
siphon unit profile. Each siphon unit would consist of the 
following components: 
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• a siphon inlet equipped with a fish screen module 
submerged in the adjacent channel; 

• a 36-inch-diameter rigid pipe constructed along 
the exterior slope of the perimeter levee from the 
inlet structure to the levee top and installed 
through the top of the levee to the interior slope; 

• a 36-inch-diameter flexible, high-density poly­
ethylene pipe constructed along the interior slope 
from the levee top into the island interior; 

• an expansion chamber supported by a floating 
platform connected to the flexible pipe in the 
island's interior; and 

• a siphon unit control valve and optional booster 
pump. 

Guard piles would be constructed in the channels 
beyond the inlets to protect the siphon units. A standpipe 
for attaching the vacuum pump used to start each of the 
siphons would be located at the highest elevation of each 
siphon pipe where it crosses the levee. During operation 
start-up and shut-down, siphon units would be started and 
stopped sequentially in each station to avoid creation of 
bore waves and surges in adjacent channels. Maximum 
water velocities in the siphon barrels would be appro­
ximately 27-29 feet per second (fps). 

The flexible pipe constructed along the interior slope 
of the levee would connect the rigid pipe to the siphon 
discharges on the island interior. Concrete tracks con­
structed on the interior slope would support the flexible 

Appendix 2. Supplemental Project Description 

September 1995 



pipes. The pipes would be equipped with flow meters as 
required. 

The siphon discharges on the reservoir island inter­
iors would be connected to the expansion chambers sup­
ported by floating platforms. The expansion chambers 
would allow the siphon pipes to expand from a 36-inch 
diameter to a 36- by 120-inch rectangular opening to 
disperse high-velocity flows and reduce erosion of the 
reservoir bottoms. Sheet piling or riprap on the island 
floors also would be used to prevent erosion around the 
discharge ends. Siphon discharges would be equipped 
with hinged flap gates to prevent backflow. 

In the fmal stages of reservoir filling, the siphons 
would be subject to a maximum total head condition 
ranging from 8 feet at low tide with a full reservoir to a 
vacuum of 6 feet at high tide with a partially full reser­
voir. Booster pumps, powered by 50- to 75-horsepower 
motors, could be installed on the pipes in the floating 
siphon support platforms to lift water several feet above 
mean sea level in the fmal stages of diversions. The 
booster pumps are an option to facilitate siphon capacity 
and may not always be included in the siphon design. 

Expansion chambers would be fitted to the discharge 
ends of the siphons on the interiors of the islands, and 
contraction chambers would be fitted to the inlet ends in 
Delta channels. 1bese chambers would increase the effi­
ciency of siphon operation and decrease exit velocity of 
water from the siphon onto the islands. Sheet piling or 
riprap would be used to prevent erosion around the dis­
charge ends of the siphons. 

Fish Screens 

Fish screens would be installed around the intake end 
of each existing and new siphon pipe (Figures 2-2 and 2-
3 of this appendix). The purpose of screen design and 
operation would be to prevent entrainment and impinge­
ment of most adult and juvenile fish that are present in the 
Delta. Final fish screen design characteristics, such as 
approach velocity, mesh size, flo~ uniformity, and clean­
ing frequency, would be negotiated with the U.S. Fish 
and Wildlife Service (USFWS), National Marine Fish­
eries Service (NMFS), and California Deplrrtment ofFish 
and Game (DFG) to ensure effective operation under all 
Delta conditions. 

The proposed fish screen design consists of a barrel­
type screen on the inlet side of each siphon with a hinged 
flange cormection at the water surface for cleaning (Fig­
ure 2-3 of this appendix). Each siphon opening would be 
enclosed by stainless steel woven wire mesh screen 
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(7 by 0.035 = seven openings per inch in screen of 
0.035-inch-diameter number 304 stainless steel wire) 
with a pore diagonal of0.1079 inch. Siphon pipes, with 
their individual screen modules, would be spaced appro­
ximately 40 feet apart on center. 

DW proposes to design the screens for a maximum 
average approach velocity of 0.33 fps (or less, if re­
quired). The average approach velocity would decrease 
rapidly as the islands filled because the head differential 
of the siphons would decrease with island filling. The 
fish screens would be sufficiently strong to withstand 
handling and cleaning and would withstand at least a 24-
inch head differential in water levels. 

· The screens would be monitored daily to determine 
the need for cleaning and to assess damage from floating 
logs, boats, or other causes. The fish screens are de­
signed with a hinged flange that allows the screens to be 
rotated out of the water for cleaning and repair (Figure 2-
3). The screens would also include panels that allow 
access to the interior of the screens for cleaning. Spare 
screen modules would be available to replace damaged 
screens and thus ensure the reliable performance of the 
screens. Algae and other clogging debris would be 
removed from the screens as required by agreement with 
DFG, USFWS, and NMFS. Removal methods may 
include regularly raising the screen modules out of the 
water and using high-pressure water or steam to clean the 
screens. 

A monitoring program may be implemented to esti­
mate fish entrainment losses if the information is needed 
to evaluate direct diversion effects. Sampling protocol 
would be subject to fishery agency requirements for the 
Delta. The monitoring efforts could be coordinated with 
other regional monitoring efforts. 

Pump Stations 

Design 

The pump stations for Alternatives 1 and 2 would 
consist of clusters of32 new pumps on Webb Tract and 
40 new pumps on Bacon Island with 36-inch-diameter 
pipes discharging to adjacent Delta charmels. Under 
Alternative 3, pump stations would include up to 32 new 
pumps each on Holland Tract and Bouldin Island and 40 
new pumps each on Webb Tract and Bacon Island. 
More pumps would be added to Webb Tract under 
Alternative 3 to provide for rapid discharge on half of the 
reservoir islands. Typical spacing for the pumps would 
be 25 feet on center. Each station also would include a 
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boat dock (maximwn 10 berths) on the Delta channel 
side for use by maintenance personnel, a maintenance 
facility and vehicle parking area constructed on a pile 
foundation on the interior side of the levee, and an access 
ramp near the maintenance facility for equipment loading 
from the levee road into the island interior. A minimwn 
of one gangway access ramp per eight pwnps would be 
installed adjacent to pwnp units for repair and main­
tenance access. Each pwnp station would be constructed 
along approximately 1,000 or 1,250 feet of the perimeter 
levee (the length depending on the nwnber of pwnp units 
per station) and would cover approximately 180,000 or 
220,000 square feet (about 4 or 5 acres). Figure 2-4 of 
this appendix presents a pwnp station plan view. 

Pump Units 

Figure 2-5 of this appendix shows a conceptual 
design of a pwnp unit. Each pwnp unit would consist of 
the following components: 

• a discharge pwnp (diesel- or electric-powered) 
supported by a floating platform equipped with a 
trash screen bottom to minimize the amount of 
debris entering the pipe from the reservoir island; 

• a 36-inch-diameter flexible, high-density poly­
ethylene discharge pipe constructed along the 
interior slope of the perimeter levee from the dis­
charge pwnp unit to the levee top; 

• a 36-inch-diameter rigid pipe with a siphon 
breaker installed through the levee top and along 
the exterior slope of the levee down into the 
channel; and 

• an expansion chamber connected to the discharge 
end of the rigid pipe in the adjacent Delta channel. 

An assortment of axial-flow and mixed-flow pwnps 
would be used to accommodate the variety of head con­
ditions occurring throughout reservoir drawdown. Head 
conditions would vary from a maximwn total head condi­
tion of 3 1 feet at high tide with an empty reservoir to a 
vacuum of approximately 6 feet with a full reservoir. The 
floating platforms would be equipped with trash racks 
and trash screens to minimize the amount of debris that 
enters the inlet pipes. 

The rigid discharge pipes would connect the flexible 
pipes constructed along the interior levee slope to the 
floating pump platforms. Concrete tracks would provide 
support for the flexible pipes. A siphon breaker and 
relief valve would be installed at the highest elevation of 

Delta Wetlands Draft EIRIEJS 

87-1 19CCIAPPD-2 2-3 

each discharge pipe to prevent backflow when pwnps are 
not operating. Flow meters would be installed as 
required. 

Outside each island perimeter levee, the 36-inch­
diameter rigid pipes passing through the top of the levee 
would continue along the exterior levee slope into the 
Delta channel where the discharge ends would connect 
with expansion chambers. The expansion chambers 
would allow the pipes to expand from a 36-inch diameter 
to a 36- by 120-inch rectangular opening. Guard piles 
would be constructed in the channel beyond the expan­
sion chambers to protect the units, and riprap would be 
placed on the channel bottom to protect against erosion 
from the units. 

Operation and Power Source 

Pwnp units would most likely be powered by elec­
tricity because it is available on both reservoir islands; 
however, diesel fuel, electricity, natural gas, or a com­
bination of the three are possible power sources. If 
electrical power is used for pwnp stations, DW pwnp 
operations may need to avoid peak electrical demand 
periods during summer, requiring up to 25% more pwnp­
ing capacity from an alternate power source or through 
other facilities (e.g., portable pwnps). If diesel fuel is 
used either as the primary or secondary power source, a 
diesel fuel distribution system would be located on the 
levee tops with a distribution system of pipes and hoses 
to deliver fuel to the pwnp motors. A fuel spill recovery 
system would be implemented at all areas using diesel 
fuel. 

As a supplement to discharge pwnping activity, port­
able pumps or components may be used on the reservoir 
islands to meet varying discharge requirements but not to 
exceed the maximum specified discharge rate. The port­
able components would serve as replacement compon­
ents and would not add to the permanent facility installa­
tion. 

Levee Improvements 

Under Alternatives 1, 2, and 3, perimeter levees on 
the reservoir islands would be raised to hold water at a 
maximum elevation of +6 feet. A typical levee would 
have 2:1 exterior slopes and a crest approximately 22 feet 
wide (including thickness for erosion protection [rock 
revetment] on the interior slope) at approximately +9 feet 
elevation. The perimeter levee's existing interior slopes 

. would be modified with either a constant-slope buttress 

Appendix 2. Supplemental Project Description 

September 1995 



or a broken-slope buttress design, as depicted in Figure 
2-6 of this appendix. The constant-slope buttress design 
would be inclined at a slope of approximately 5: I without 
toe benns. The broken-slope buttress design would have 
initial interior slopes of approximately 3: I down to near 
an elevation of -3 feet and toe berms at a I 0: I slope at the 
base of the levee. Rock revetment would be placed on 
levee slopes to control wind and wave erosion. Seepage 
interceptor wells would be installed in critical areas on 
the islands' perimeter levees to offset any changes from 
existing seepage rates from the reservoir island caused by 
the DW project. 

DW would construct and maintain a series of low, 
broad earthen levees on the island bottoms to manage 
shallow water during periods of nonstorage. These 
levees would be operated during periods of nonstorage to 
allow no more than 35% of the shallow water habitat to 
be dry, no more than 15% of the shallow water to be 
under water more than 24 inches deep, and the balance 
(50%) to have an average water depth of 12 inches. 
Pipes with flashboard risers and broad-crested weirs 
would be used to control water elevations. 

Most of the material for levee improvements would 
be borrowed from the reservoir islands; erosion control 
material (e.g., rock revetment) would be quarried from 
existing regional quarry sites. Borrow requirements for 
the project consist of excavation for levee buttressing, 
inner levee construction, and levee maintenance. Exca­
vation for construction of drainage canals and circulation 
ditches on the islands would also provide some of the 
borrow material. Borrow pits would initially be shallow 
but would be used regularly in the future for maintenance 
requirements. 

Exact locations of borrow sites would vary according 
to material requirements for construction and mainten­
ance. Borrow area locations are primarily a function of 
existing soil conditions and would be determined during 
site-specific engineering surveys. The borrow pits would 
generally be more than 400 feet inward from the top of a 
levee to avoid structural impacts on the levee and at least 
2,000 feet inward from the fmal toe of an improved levee 
where seepage restrictions are required. Chapter 3D, 
"Flood Control", provides details of estimated amounts of 
borrow and rock revetment material needed for perimeter 
and inner levee improvement for Alternatives I, 2, and 3. 
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DW WATER STORAGE 
OPERATIONS 

Patterns of Operations 

By converting conventional agricultural land use to a 
combination of water storage and wetland habitat man­
agement, the DW project would modify Delta water 
budgets. Tables 2-1,2-2, and 2-3 of this appendix show 
the simulated pattern of water storage operations on the 
reservoir islands for Alternatives 1, 2, and 3, respectively, 
based on the 70-year hydrologic record ( 1922-1991) and 
assuming current Delta standards and water project oper­
ations. 

These tables show the monthly percentiles for simu­
lated diversions, end-of-month storage volumes, and 
discharges. Percentiles represent the percentages of 
years in which the cell-entry value is not exceeded. For 
example, Table 2-1 shows that under Alternative 1, no 
diversions were simulated to occur in October in 60"/o of 
years. DW diversions would be between 0 and 3 thou­
sand acre-feet (TAF) in 10% ofyears, between 3 TAF 
and 63 T AF in I 0% of years, between 63 T AF and 185 
T AF in I 0% of years, and between 185 T AF and 238 
T AF in 10% of years. 

Chapter 3A, "Water Supply and Water Project Opera­
tions", and Appendix A3, "DeltaSOS Simulations of the 
Delta Wetlands Project Alternatives", show more details 
of simulated DW project operations as monthly per­
centiles and annual totals. These tables show that the 
pattern of water storage operations is generally charac­
terized by large diversion, storage, and discharge a­
mounts in small percentages of years. 

Initial Staging for Water 
Diversions 

During start-up of the DW project, water diversions 
would be staged over I year to allow time for implemen­
tation of accurate seepage control and facility monitoring 
and to ensure levee stability (see Chapter 3D, "Flood 
Control"). A typical example of diversion staging might 
be initial flooding to an elevation of -5 feet, followed by 
an additional 5 feet of water. After project monitoring 
(e.g., monitoring of levee stability, seepage rates, and 
fish), additional water would be added until the islands 
are filled to capacity or partially filled, based on available 
supply. Water diversions during initial staging would not 
exceed the diversion limits designed for the project. 
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RECREA TIO}'l FACILITIES 
AND PLANS 

Under the DW project alternatives, DW would con­
struct private recreation facilities on all four project 
islands. The maxirm.un size of these facilities is described 
below. Each facility would be constructed on approxi­
mately 5 acres along a perimeter levee, providing boat 
access from neighboring water channels and vehicle 
access from levee roads. 

A conceptual recreation facility layout is shown in 
Figures 2-7 and 2-8 of this appendix. Each recreation 
facility would include the following components: 

• living quarters (estimate of 10,000 square feet) 
consisting of a maximum of 40 bedrooms, bath­
rooms, a kitchen, and dining facilities; 

• a 40-car parking lot (estimate of 9,000 square 
feet) constructed adjacent to the levee crest access 
road on a pile foundation; 

• a 30-berth floating boat dock and gangway con­
structed on the channel side of the levee to pro­
vide permanent and temporary boat berthing for 
recreationists (estimate of berths 40 feet long) and 
access to the living quarters from Delta channels; 
and 

• a 36-berth floating boat dock and gangway (esti­
mate of berths 20 feet long) constructed on the 
interior side of the levee to provide access from 
the living quarters to hunting areas and other 
recreation areas on the DW project islands. 

The interior boat docks on the habitat islands would be 
located in permanent water to connect with a network of 
ditches, canals, and open water that make up the circu­
lation systems on the island bottoms. 

The recreation facilities would be used year round by 
private guests who come to the DW project islands to 
hunt, boat, fish, and participate in other recreational 
activities. Use of the recreation facilities would probably 
be highest during the summer months and during the hunt 
season. See Chapter 3J, "Recreation and Visual Re­
sources", for more information on recreational use of the 
DW project islands and the proposed facilities. 

The recreation facilities would be built in compliance 
with the local building codes of San Joaquin County 
(Bacon and Bouldin Islands) or Contra Costa County 
(Holland and Webb Tracts). Sewage disposal would 
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comply with the requirements of the Central Valley 
Regional Water Quality Control Board (CVRWQCB) 
and local jurisdictions. Pumpout facilities would not be 
provided for sewage disposal from docked boats at the 
OW project islands. Drinking water would be imported 
as needed or supplied using onsite treatment subject to 
county and state standards. A private solid waste 
collection and disposal service authorized to operate in 
Contra Costa County and San Joaquin County would be 
contracted to serve the recreation facilities, and propane 
and electrical power would be used at the facilities. 
Boat-fueling facilities would not be provided to boats 
docked on the exterior of the islands, but a fuel tank 
would serve small boats used on the interior of the islands 
for hunting and maintenance. See Chapter 3E, "Utilities 
and Highways", for more information on services and 
utilities for the recreation facilities. 

The design details, square footage, and berth lengths 
given above and shown in Figures 2-7 and 2-8 are pre­
liminary and are used for analysis of the facilities in this 
EIRIEIS. Specific design features for a particular facility 
may be subject to change prior to application being made 
for construction and operation entitlements and permits 
from regulating agencies (e.g., Contra Costa or San 
Joaquin County, the State Lands Commission, and the 
Corps). The analyses presented in this EIRIEIS assume 
a maximum facility size; actual facility design will not 
exceed the EIRIEIS assumptions. 

BUILDINGS AND OTHER 
STRUCTURES 

Operation and maintenance facilities on the reservoir 
islands would be located at the pump and siphon station 
sites. Each pump or siphon station would include a 
5,000-square-foot maintenance facility and parking lot 
constructed on a pile foundation, as described above. A 
small number of living quarters for some employees and 
an area for onsite offices may be developed in the main­
tenance facility areas. The operations buildings would 
include storage and equipment areas. Other developed 
areas include the recreation facilities described above, 
existing developments on Holland Tract in the nonproject 
areas, and the Bouldin Island airstrip. 

RELATED AGREEMENTS, PROGRAMS, 
AND STUDIES 

The agreements, programs, and studies described 
below are related to environmental conditions in the 
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Delta and to the quantity and/or quality of available water 
supply in the Delta. These programs and studies there­
fa-e address the general public need for additional water 
supply in the Delta. The discussion of related Delta pro­
grams is based in part on California Department of Water 
Resources' (DWR's) California Water Plan Update 
(DWR 1994) and on DWR's draft report Relationships 
between the Projects under Review by the U.S. Environ­
mental Protection Agency (EPA) (DWR 1991). 

Implementation of most of the programs described in 
this section remains uncertain. These related programs 
are long-term projects proposed, for the most part, by 
local and state agencies that have the appropriate fman­
cial and planning resources and public support to invest 
in long-range programs. The programs are not presented 
as potential alternatives to the DW project, but to provide 
a context for analyzing potential alternatives for creating 
a supply of high-quality water in the Delta for later sale 
for beneficial uses as Delta export and/or outflow and to 
provide the framework for analyzing cumulative impacts 
of the DW project alternatives in the context of other 
proposed Delta projects. The need for the DW project 
would continue even with implementation of the related 
water programs. 

SWRCB Bay-Delta Proceedings 

In 1978, the California State Water Resources Con­
trol Board (SWRCB) adopted a water quality control 
plan, known as the Delta Plan, and Water Right Decision 
1485 (D-1485). The Delta Plan contained water quality 
objectives for the protection of beneficial uses of the 
Delta and Suisun Marsh. 

SWRCB reviewed, broadened, and refmed the water 
quality standards of the San Francisco Bay/Sacramento­
San Joaquin Delta (Bay-Delta) estuary during the Bay­
Delta hearings. These proceedings, which began in 
1987, established reasonable levels of protection for 
beneficial uses for flow, salinity, temperature, and pollut­
ants. A water quality control plan for salinity, tempera­
ture, and dissolved oxygen was eompleted and adopted by 
SWRCB in 1991, but was disapproved by EPA because 
EPA did not believe the plan provided adequate protec­
tion for estuarine habitat. 

SWRCB subsequently evaluated flow requirements 
for San Francisco Bay and the Delta and conducted hear­
ings in June, July, and August 1992 to determine whether 
existing water rights should be amended to achieve, or 
progress toward achieving, flow and quality standards. 
On December 9, 1992, SWRCB released interim water 
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quality standards in draft Water Right Decision 1630 (D-
1630) to protect fish and wildlife in the Delta and main­
tain beneficial uses according to the Governor's Water 
Policy. SWRCB chose not to adopt D-1630. 

In response to SWRCB's decision not to adopt interim 
standards and to the filing of a lawsuit, EPA announced 
that it would propose draft standards for the Bay-Delta 
estwuy. On January 6, 1994, EPA proposed draft stand­
ards for protection of fishery-related beneficial uses in the 
Delta SWRCB reviewed EPA's draft standards and con­
ducted public workshops to seek comments and recom­
mendations for standards. 

On December 15, 1994, a Bay/Delta Framework 
Agreement was signed by federal agencies; state agen­
cies; and mban, agricultural, and environmental interests. 
This agreement: 

• identified the amount of water that can be 
required to be allocated by water rights holders 
for endangered species protection during average 
and drought years; 

• committed federal agencies not to require addi­
tional water allocations for endangered species for 
a 3-year period; 

• placed a limit on the percentage of water that can 
be exported from the Delta, expressed as percen­
tage of inflow (generally 35% of Delta inflow 
from February through June and 65% during July 
through January); 

• conunitted EPA to withdraw its fmal water quality 
standards, which were published in January 1995, 
once SWRCB finalized its water quality control 
plan; 

• dedicated various water users to providing $180 
million to fi.md a variety of improvements to Delta 
diversion infrastructure; and 

• commissioned SWRCB to assign responsibility 
among the various holders of Delta water rights 
for maintaining minimum flows during different 
parts of the year. 

Soon after the Framework Agreement was signed in 
June 1994, SWRCB issued the draft Water Quality 
Control Plan for the San Francisco Bay/Sacramento-San 
Joaquin Delta Estuary (WQCP). This plan set water 
quality objectives for different points in the estuary, in­
cluding both numerical salinity objectives and narrative 
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flow and other criteria. These criteria, fmalized on 
May 22, 1995, replaced EPA's draft standards. 

CALFED Bay-Delta Program 

The Governor's Water Policy (issued in 1992) dir­
ected the initiation of the California Envirorunental Qual­
ity Act (CEQA) and National Envirorunental Policy Act 
(NEPA) processes to investigate long-term solutions to 
"fix the Delta". The Bay-Delta Oversight Council was 
established in December 1992 to guide the search for a 
long-term solution. 

In June 1994, the state and federal goverrunents en­
tered into a Framework Agreement to establish a compre­
hensive program for coordination on envirorunental pro­
tection and water supply dependability in the Bay-Delta 
estuary and its watershed. Collectively, these participa­
ting agency directors are referred to as CALFED. 

Under the Framework Agreement, CALFED will im­
prove coordination of water supply operations with 
endangered species protection and compliance with water 
quality standards. CALFED will also develop a long­
term solution to fish and wildlife, water supply reliability, 
flood control, and water quality problems in the Bay­
Delta estuary. 

CVP and SWP Endangered 
Species Consultations 

On November 30, 1990, winter-run chinook salmon . 
was listed as a threatened species under the federal 
Endangered Species Act (the species' listing was subse­
quently changed to endangered on February 3, 1994). 
Delta smelt was listed as a threatened species on April 5, 
1993, and listings of other Delta species (e.g., longfin 
smelt, Sacramento splittail, and steelhead trout) are being 
considered. Winter-run chinook salmon and delta smelt 
are also listed under the California Endangered Species 
Act Under the federal Endangered Species Act, a "take" 
is prohibited Wlless a specified level of take is authorized 
by NMFS (winter-run chinook salmon) or USFWS (other 
Delta species considered for listing) in an incidental take 
statement. Take is a loosely.defmed term that includes 
harassment of and harm to a species, entrairunent, directly 
and indirectly caused mortality, and actions that adversely 
modify or destroy the species' habitat. 

NMFS, USFWS, and DFG have cqnsulted with the 
U.S. Bureau ofReclamation (Reclamation) and DWR on 
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joint Central Valley Project (CVP)/State Water Project 
(SWP) operations. Long-term restrictions on project 
operations to protect winter-run chinook salmon were 
issued by NMFS in its biological opinion issued Febru­
ary 12, 1993. DFG subsequently adopted NMFS's long­
term biological opinion. 

NMFS, USFWS, Reclamation, DWR, and DFG are 
implementing recovery efforts to protect and restore the 
winter-run chinook salmon, including restricting in-river 
and ocean harvest, reducing losses to diversions along the 
Sacramento River (e.g., intakes to Anderson-Cottonwood 
and Glenn-Colusa Irrigation Districts), implementing 
artificial propagation, and establishing a captive breeding 
program In September 1992, NMFS formed a recovery 
team to develop a federal recovery plan (required by the 
federal Endangered Species Act) for winter-run chinook 
salmon. (DWR 1994.) 

Pursuant to the December 15, 1994 agreement 
between the state and federal governments regarding the 
water quality standards for the Delta, USFWS issued a 
biological opinion for long-term protection of delta smelt 
on March 6, 1995, for CVP and SWP operations. The 
biological opinion for winter-run chinook salmon was 
revised in May 1995 and was issued by NMFS in 
summer 1995. 

Coordinated Operations Agreement 

The Coordinated Operations Agreement (~OA), 
signed in 1986, provides for joint management of the 
CVP and SWP by Reclamation and DWR to ensure that 
water quality objectives established by SWRCB will be 
achieved. The COA provides not only for an equitable 
sharing of Delta water supplies, but also for conjunctive 
operation of the CVP and SWP to allow the projects to 
maximize benefits to both parties. Under the COA, 
Reclamation also agreed to meet future water quality 
standards established by SWRCB, unless the Secretary of 
the Interior determines that the standards are inconsistent 
with congressional intent. 

Subarticle 10(h) of the COA was approved by Con­
gress in 1988 and provides for negotiations of a wheeling 
contract between DWR and Reclamation whereby DWR 
could meet some of its future delivery obligations using 
federal water, and Reclamation could increase deliveries 
south of the Delta by using state facilities. Reclamation 
may have some water available for delivery on an interim 
basis to areas south of the Delta but has limited pumping 
and conveyance capacity. DWR, however, has excess 
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pumping and conveyance capacity but limited water 
supplies. 

Scoping meetings for this proposal were held in 1989. 
A scoping report was released in January 1991. Prepar­
ation of a draft environmental impact report/environ­
mental impact statement (EIRIEIS) on this proposal is 
being delayed Wltil a decision is made on Delta water 
rights and Bay-Delta water quality and flow standards, 
and Wltil guidelines for implementing the Central Valley 
Project Improvement Act (CVPIA) have been adopted 
(see "Central Valley Project Improvement Act" below). 

Banks Pumping Plant Fish 
Protection Agreement 

DWR installed four additional pumping units at 
SWP's Harvey 0. Banks Delta Pumping Plant near 
Clifton Court Forebay. These Wlits became operational 
in 1993 and increase total pumping capacity from 6,400 
cubic feet per second (cfs) to 10,300 cfs. These pumps 
provide DWR with standby capacity and allow DWR to 
pump the quantity of water specified in its U.S. Army 
Corps of Engineers (Corps) permit over a shorter period. 
The Corps permit requirements limit pumping to 
6,680 cfs plus one-third of San Joaquin River flow at 
Vernalis during the mid-December to mid-March period 
whenever those flows exceed I ,000 cfs. An exceedance 
of this limit would require modification of the existing 
authorization from the Corps or an individual permit. 

To mitigate fish losses at Delta export facilities, both 
the SWP and the CVP have entered into agreements with 
DFG. During the environmental review process for 
installation of the four additional pumps at Banks Pump­
ing Plant, DFG and DWR began negotiating an agree­
ment for the preservation of fish potentially affected by 
the operation of the pumps. A Wlique aspect in the 
development of this agreement was the assistance pro­
vided by an advisory group made up of representatives 
from United Anglers, the Pacific Coast Federation of 
Fishermen's AssOciations, the Pl~ng and Conservation 
League, and the State Water Contractors. (DWR 1994.) 

The Fish Protection Agreement, signed by the direc­
tors ofDFG and DWR in December 1986, identifies the 
steps needed to offset adverse fishery impacts of Banks 
Pumping Plant operations. The agreement establishes a 
procedure to calculate direct fishery losses annually and 
requires DWR to pay for mitigation projectS that would 
offset the losses. Losses of striped bass, chinook salmon, 
and steelhead trout are to be mitigated first. Mitigation of 
losses of other species are to follow as impacts are 
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identified and appropriate mitigation measures are foWld. 
In recognition of the fact that direct losses today would 
probably be greater if fish populations had not been 
depleted by past operations, DWR also provided a one­
time $15 million mitigation fund. (DWR 1994.) 

Central VaUey Project Improvement Act 

Title 34 of the Reclamation Projects Authorization 
and Adjustment Act of 1992 (HR 429, now noted as 
Public Law 102-575) is known as the CVPIA. The act 
makes significant changes to the management of this 
federal reclamation project and creates a complex set of 
new programs and requirements applicable to the project. 
The act covers five primary areas: limitations on new and 
renewed CVP contracts, water conservation and other 
water management actions, water transfers, fish and 
wildlife restoration actions, and establishment of an envi­
ronmental restoration fund (DWR 1994 ). 

The act establishes a $50 million annual habitat 
restoration fund and instructs Reclamation to allocate 800 
TAF of water annually (600 TAF in a dry year) to the 
environment by 2002. The act also secures approxi­
mately 500 T AF in annual water supplies for Trinity 
River flows, Central Valley wildlife refuges, and the 
Grasslands Water District. With certain conditions, the 
act provides that those receiving CVP water can transfer 
all or a portion of that water to others. The act restricts 
new contracts for water supplies from the CVP for any 
purpose other than to benefit fish and wildlife, and the act 
requires the establishment of an office for CVP water 
conservation best management practices. 

Reclamation, in its role as operator of the CVP, and 
USFWS, as directed by the Secretary of the Interior, are 
beginning to establish the interim guidelines and proce­
dures necessary to implement the act's provisions; how­
ever. it will take a number of years to complete all the 
actions called for in the legislation (DWR 1994). Recla­
mation is working to complete a programmatic EIS 
analyzing implementation of the environmental restora­
tion components of the act. 

DWR Delta Water Management 
Programs 

DWR is developing water management programs for 
the south, north, and west Delta. These programs will 
address the water resource problems unique to each re­
gion of the Delta, in the context of the entire Delta, state-
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wide water supply projects, and the Governor's Water 
Policy. 

North Delta Program 

The North Delta Program study area encompasses the 
Delta region north of the San Joaquin River from Three­
mile Slough eastward. Limited channel capacity in the 
north Delta has contributed to two major problems: 
reverse flow in the San Joaquin River (a consequence of 
SWP and CVP exports from the Delta) and repeated 
flooding of local leveed tracts. The intent of the North 
Delta Program is to allow greater floodflows to pass 
safely, while lowering flood levels throughout the area by 
dredging channels and building new setback levees to 
provide greater flood protection for Thornton and Walnut 
Grove and other Delta islands. Increasing channel capa­
city and reducing or eliminating reverse flows would 
create a more efficient means of transferring water 
through the north and central Delta, therefore providing 
additional water supply for SWP users and improving 
water quality. The North Delta Program will be investi­
gated as a long-term solution and possibly as an interim 
action. (DWR 1994.) 

South Delta Program 

The South Delta Program area encompasses Union 
and Roberts Islands, Stewart Tract, and other lands near 
Tracy (DWR 1988a). The program's objective is to 
reconcile the water supply priorities of Reclamation, the 
CVP, and the SWP with needs for improved water quality 
while maintaining recreational opportunities in the south 
Delta. Water quality problems in the south Delta pri­
marily relate to deleterious effects of water diversions by 
the CVP and SWP and by agriculture. 

The Interim South Delta Water Management Program 
was initiated in response to an October 1986 agreement 
between DWR, Reclamation, and the South Delta Water 
Agency. The Interim South Delta Preferred Alternative 
includes: 

• adding an intake structure for the SWP at Clifton 
Court F orebay; 

• performing limited channel dredging in Old River 
north of the forebay; 

• providing four flow-control structures to control 
water levels, circulation, and flow in the South 
Delta channels and to assist salmon migration in 
the San Joaquin River; and 
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• obtaining a Corps permit to allow the SWP to 
increase its existing pumping capacity of the 
Banks Pumping Plant up to 10,300 cfs during 
high-flow periods. 

The Interim South Delta Water Management Program 
could augment the water supply of the SWP by an 
average of approximately 60 TAF per year (TAF/yr). 
(DWR 1994.) 

West Delta Program 

The West Delta Program addresses four major issues: 
flood control, water quality, wildlife concerns, and water 
supply reliability. The objectives of the West Delta 
Program are to: 

• improve levees for flood control, 

• protect Delta water quality, 

• acquire island properties for development of 
diverse waterfowl and wildlife habitats, 

·• meet water supply and water quality needs of 
Sherman Island, 

• minimize soil erosion and land subsidence, 

• protect the reliability of the SWP and the CVP, 

• identify potential wildlife habitat mitigation op­
portunities for present and future development 
projects, 

• protect highways and utilities, and 

• provide additional recreational opportunities. 

Conversion ofland from agriculture to managed wild­
life habitat on Sherman and Twitchell Islands is the pri­
mary focus of the West Delta Program. Because of their 
location, I 0,000-acre Sherman Island and 3,500-acre 
Twitchell Island are important for protecting the relia­
bility and quality of the Delta water supply, providing 
wildlife habitat, and protecting highways and utilities. 

DWR published an initial study and negative declar­
ation on the proposed Sherman Island Wildlife Manage­
ment Plan (DWR 1990b ), under which the I 0,000-acre 
Sherman Island would be operated as a wildlife manage­
ment area by DFG. A framework agreement was signed 
by DWR and DFG on June 24, 1991, on the suitability of 
Sherman and Twitchell Islands to serve as mitigation for 
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the Clifton Court Fore bay enlargement component or 
another feature of the South Delta Program. 

DWR Delta Levee Maintenance 
Program 

Subventions Program 

Maintenance and improvement of levees in the Delta 
are normally conducted by local reclamation districts 
using matching funds from DWR or the Federal Emer­
gency Management Agency (FEMA). The procedures 
and funding for levee work have recently been altered by 
Senate Bi1134 (SB 34) (the Delta Flood Protection Act of 
1988), which increases state funding for flood protection. 
The DWR subventions program was changed in the 
following ways by SB 34: 

• annual funds available rose from $2 million to $6 
million; 

• state cost sharing for local assistance programs 
increased from SO% to 75%; 

• reimbursements were made available for levee 
improvements and maintenance, items formerly 
disallowed by FEMA; and 

• requirements were established for DFG approval 
of reclamation district plans to ensure that no net 
loss of wildlife habitat occurs. 

Special Projects 

In addition to the subventions program adjustments 
outlined above, SB 34 called for DWR to prepare plans 
and priorities for flood protection and subsidence studies 
and monitoring on eight western Delta islands and the 
towns of Walnut Grove and Thornton. Of the DW 
islands, Webb and Holland Tr~cts are included in the 
eight islands, for which $6 million will be provided an­
nually. The eight islands, if permanently flooded, would 
pose a significant threat to Delta water quality because of 
increased evaporation and increased upstream movement 
of ocean salts and substantial loss of available Delta 
water supply (DWR 1988b, 1990a). Recent activities 
include planning and designing major levee rehabilitation 
projects for Twitchell Island and New Hope Tract; 
repairing vulnerable levee sites on Shennan Island, 
Twitchell Island, Bethel Island, and Webb Tract; and 
conductihg other special projects and studies to determine 
the causes of Delta land subsidence (DWR 1994). 
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Delta Ecological Studies 

DWR, DFG, Reclamation, and SWRCB are partici­
pating in an Interagency Ecological Program (IEP) in the 
Delta. The study program is intended to improve under­
standing of fish and wildlife requirements in the Bay­
Delta estuary and establish operating criteria for the CVP 
and SWP export pumps to protect fish and wildlife. 

Several specific topics are examined in the IEP. The 
populations, habitat requirements, and effects of flows on 
striped bass, salmon, and the species of concern and 
methods of reducing fish kills by pumps and diversions 
have been explored. Water quality issues have also been 
investigated, especially algal blooms, drought effects, and 
improved water quality modeling. Efforts have focused 
on the Delta, Suisun Marsh, and San Francisco Bay to 
determine the actions needed to maintain habitat quality 
in those ecosystems. 

DWR OtTstream Storage South 
of the Delta 

To increase the amount of water available to SWP 
customers, DWR has proposed constructing several 
offstream storage facilities south of the Delta. 

Los Banos Grandes 

DWR proposed to construct the Los Banos Grandes 
project, an offstream reservoir complex located on Los 
Banos Creek in western Merced County, to serve as a 
south-of-the-Delta water banking unit for the SWP. Los 
Banos Grandes would store Delta winter flows pumped 
from the Delta through the California Aqueduct during 
the wet months (November to April). Los Banos 
Grandes would be infeasible without the South Delta 
Program. (DWR 1991.) 

A draft EIR was released to the public for review in 
December 1990. The review and comment period ended 
September 30, 1991. Los Banos Grandes requires a 
Section 404 permit from the Corps under the Clean 
Water Act A notice of intent to prepare a draft EIS was 
released in February 1991 with the Corps as the lead 
agency under NEP A However, due to the recent Endan­
gered Species Act actions in the Delta and changes to 
water quality standards, the feasibility of the project is 
being reassessed. The actual sizing and schedule is high­
ly dependent on the selection of a long-term solution for 

Appendix 2. Supplemental Project Description 

September 1995 



resolving fishery issues and facilitating efficient water 
transfer through the Delta. 

Kern Water Bank 

The Kern Water Bank is defmed as the collective 
opportunity to store and extract SWP water in the Kern 
County groundwater basin under a contract between 
DWR on behalfofthe SWP and the Kern County Water 
Agency. The Kern Water Bank consists of eight potential 
elements or separate components. Seven of the elements 
would be sponsored by local water districts, and the 
eighth element would be DWR's Kern Fan Element. A 
programmatic EIR was completed for the Kern Fan Ele­
ment in 1986. However, DWR is awaiting an assessment 
of the availability of future water supply for the project. 
For now, the planning program is focused on completion 

· of a habitat conservation plan, incidental-take permits for 
terrestrial species in the Kern Fan Element area, and 
analysis of project economics. Once an adequate water 
supply is identified, the Kern Fan Element will be re­
assessed, fmal environmental documentation will be 
issued, and a program for further evaluation of local 
elements will be considered. If feasible, the Kern Fan 
Element would be developed to store as much as I 
million acre-feet (MAF) of water and contribute as much 
as 140 T AF per year to the SWP in drought years. 

SWP Coastal Branch 
Project, Phase D 

The Coastal Branch Project, Phase II, will complete 
the Coastal Branch of the SWP's California Aqueduct. 
The I 02-mile buried pipeline would transport SWP water 
to San Luis Obispo and Santa Barbara County Flood 
Control and Water Conservation Districts. This project 
would deliver a total of about 5 T AF lyr to San Luis 
Obispo County and 42 TAF/yr to Santa Barbara County. 

The fmal EIR for the Coastal Branch Project was 
released in May 1991 and the notice of determination was 
filed in July 1992. Construction began in late 1993 and 
is scheduled to be completed in early 1997 (DWR 1994). 

CCWD Los Vaqueros Project 

The Los Vaqueros Project, under construction by 
Contra Costa Water District (CCWD), will consist of a 
I 00 T AF reservoir within the Kellogg Creek watershed 
and associated appurtenant facilities, including a new 
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supplemental Delta intake location, conveyance pipe­
lines, a transfer reservoir, pumping plants, and other 
facilities necessary for project operation. Water diverted 
from the new Delta intake location will be pumped to the 
Los Vaqueros Reservoir site during periods when Delta 
water quality is good. In late summer and fall, when 
Delta water quality deteriorates, reservoir water to be 
used within CCWD's service area will be released and 
blended with Delta water from direct diversions from 
Rock Slough to reduce salinity. 

CCWD has a contract with Reclamation, under Recla­
mation's existing water right for CVP water, for 195 
T AF lyr, which would be adequate to meet CCWD's 
future water needs. Because of physical constraints in 
CCWD's delivery system, current diversions are limited 
to approximately 135 T AF /yr. Currently, CCWD diverts 
approximately 120-130 TAF/yr of water from Rock 
Slough, the amount diverted depending on the water-year 
type. CCWD can also divert up to 26,780 aflyr of water 
from Mallard Slough in the Delta, although water is 
rarely diverted because of poor water quality. The Los 
Vaqueros Project would change the timing of CCWD's 
diversions and could affect the proportion of water 
diverted from the Delta during various times of the year. 

A draft EIRIEIS for the Los Vaqueros Project was 
issued for public review on March 3, 1992. After public 
review, a fmal Stage II EIRIEIS for the Los Vaqueros 
Project was published on September 27, 1993, and a 
Section 404 permit was issued by the Corps in May 
1994. A water right decision on the project was issued 
by SWRCB in June 1994. 

Montezuma Wetlands Project 

The Montezuma Wetlands Project, a privately fi­
nanced project, would use deposited dredged materials on 
a diked bayland site adjacent to the Suisun Marsh in 
Solano County to restore I ,822 acres of tidal wetlands 
(including some seasonal wetland features). The pro­
posal calls for constructing facilities to receive up to 20 
million cubic yards of approved dredged materials from 
ports and navigation channels in the San Francisco Bay 
estuary and to distribute the dredged materials over the 
site to raise the subsided land surface to an elevation 
range at which marsh habitat could become established. 

The project's potential benefits include restoration of 
a tidal marsh ecosystem at a scale unprecedented for the 
region, which could support abundant wildlife, fish, 
estuarine production, and a diversity of marsh species 
(including special-status species) and habitats. The 
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project would also provide significant capacity for dis­
posal of sediments dredged from Bay Area ports or navi­
gation channels. The project's potential adverse impacts 
include loss of established seasonal wetlands and endan­
gered species populations and a possible release of conta­
minants from dredged materials into the marsh system. 

A draft EIRIEIS for the Montezwna Wetlands Project 
was issued by Solano County and the Corps in October 
1994 (Corps and Solano County 1994). The public 
review period for the EIRJEIS ended on December 19, 
1994. A fmal EIRJEIS is expected to be completed in 
July 1995 (Glas pers. comm.). 

Delta Water Transfen 

-
Water obtained under a water right can be transferred 

by the water right holder to another party. Water trans­
fers can be used to help meet water supply shortages with 
possibly fewer environmental impacts and less cost than 
construction projects. Short-term (1 year or less) tempor­
ary transfers require SWRCB approval but are exempt 
from CEQA compliance, whereas long-term transfers 
require full CEQA compliance. 

SWRCB must approve water transfers that require 
changes in terms or conditions of existing water right 
permits. SWRCB does not intend to approve long-term 
transfers through the Delta until a full assessment of 
cwnulative environmental impacts is prepared. 

DWR (1994) describes the functioning of the 1992 
State Drought Water Bank, a temporary water transfer 
program, and provisions of the CVPIA regarding water 
transfers. 

Reoperation of Folsom Dam 
and Reservoir 

Reclamation and the Sacr8II.lento Area Flood Control 
Agency (SAFCA) are considering options involving the 
reoperation of Folsom Reservoir to permit the contain­
ment of a 1 00-year or larger flood event m the American 
River watershed. The options are interim measures until 
the Corps completes a study of permanent reoperation of 
Folsom Reservoir and a plan is authorized by Congress. 
Two interim reoperation options, which would maintain 
maximwn flood storage capacities at Folsom Reservoir of 
670 TAF and 800 TAF, respectively, were analyzed by 
Reclamation and SAFCA in an environmental assess­
ment/EIR (EAIEIR). The EAIEIR found that substantial 
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impacts on water supply, hydropower, and other re­
sources dependent on water surface elevations in the 
reservoir can be avoided or mitigated (SAFCA and 
Reclamation 1994 ). 

This study evaluates the impacts of increasing the 
dedicated flood control space in Folsom Reservoir. Study 
results will be used to decide whether Folsom Dam and 
Reservoir will be reoperated on a permanent basis to pro­
vide increased levels of flood protection to the Sacra­
mento area. If reoperation occurs, storage space now 
usedfor water supply, power production, and recreation 
would be used instead for flood control mitigation. A 
draft reoperation plan and draft EIS will be issued in 
199S. When completed and authorized by Congress, the 
plan will replace Reclamation's and SAFCA's interim 
reoperation plan described above. 

East Bay Municipal Utility 
District Activities 

American River Diversions 

The East Bay Municipal Utility District (EBMUD) 
contracted with Reclamation in 1970 to purchase up to 
I SO T AF lyr from the American River watershed for 
delivery by diversion into the Folsom-South Canal at 
Nimbus Dam, immediately below Folsom Reservoir. In 
1972, the Environmental Defense Fund and others filed 
a lawsuit that seeks to prevent EBMUD from diverting 
water from the American River; Reclamation was not a 
party to this lawsuit. In late 1984, the court appointed 
SWRCB as referee and directed the board to conduct an 
investigation and prepare a report on 21 specific legal, 
technical, and public trust issues. 

In June 1988, SWRCB issued its final report respond­
ing to the instructions of the court. SWRCB recom­
mended that EBMUD be allowed to divert water from the 
Folsom-South Canal subject to specified river flow 
limitations. 

A final decision was issued in May 1990 by the court. 
According to this decision, EBMUD may divert 1 SO 
T AF/yr of water from the Folsom-South Canal pursuant 
to the contract of December 22, 1970. Instream flow 
requirements are set at 2,000 cfs for October IS through 
February, 3,000 cfs for March through June, and 1,7SO 
cfs for July through October 1 S. However, the current 
EBMUD board has decided not to divert water from the 
American River at this time. 
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Water Supply Management Program 

In 1989, EBMUD developed a Water Supply Man­
agement Program to identify the actions and projects 
necessary to provide a dependable water supply to com­
munities of the eastern San Francisco Bay Area. One 
action proposed by the program was the construction of 
a 145-TAF terminal reservoir called Buckhorn Reservoir. 
In January 1989, EBMUD released the fmal EIR and the 
technical report for the district's program. The fmal EIR 
was the ·subject· of litigation, and EBMUD decided to 
reevaluate the proposed project and other facility im­
provements. 

A new EIR/EIS for the updated Water Supply Man­
agement Program and water supply improvement projects 
was prepared by EBMUD and the Corps. The present 
program includes six options: one involving raising Par­
dee Reservoir, two groundwater banking options using 
either American River or Mokelumne River water, a 
Delta diversion option using American River water under 
the EBMUD contract with Reclamation, a conservation­
only option, and an option for groundwater use only. 
EBMUD has identified a need for 130 T AF of water in 
2020. 

After several hearings and extensive evaluation, 
EBMUD's board of directors designated two of the six 
composite programs as preferred alternatives. The main 
element of each alternative is the use of groundwater stor­
age. One of the preferred alternatives would store avail­
able surface water in an underground basin during wet 
years and draw from the storage during dry years for 
agricultural irrigation to augment flows in the lower 
Mokelumne River or pump into the aqueducts for use by 
EBMUD's customers. Another preferred alternative 
includes the same components mentioned above, plus a 
supplemental water supply from the American River. 
(DWR 1994.) 

Activities of the Metropolitan Water 
District of Southern California 

Arvin-Edison/Metropolitan Water District Storage 
and Exchange Program 

The Arvin-Edison Water Storage District (Arvin­
Edison), in partnership with the Metropolitan Water 
District of Southern California (MWD), is proposing a 
water storage and exchange program that" would extend 
through 2035. During years of storage (when additional 
SWP water is available), MWD would store SWP water 
in Arvin-Edison's groundwater basin. During years of 

Delta Wetlands Draft EJR!EIS 

87-11 9CCIAPPD-2 2-13 

recovery, MWD would receive a portion of Arvin­
Edison's CVP supplies in exchange for water MWD pre­
viously placed in storage in Arvin-Edison. The proposed 
alternative would result in the additional diversion of 
approximately 1 MAF from the Delta over the approxi­
mately 45-year life of the program. (EIP Associates 
1992.) A draft EIRIEIS was issued in January 1992. 
However, recent actions to protect aquatic species in the 
Delta and implementation of the CVPIA have restricted 
operations in the Delta Consequently, MWD and Arvin­
Edison are currently reassessing the project (DWR 
1994). 

Domenigoni Reservoir Project 

The proposed reservoir in western Riverside County 
would be constructed in Domenigoni Valley near the 
junction of the Colorado River Aqueduct, the San Diego 
Canal, and the SWP East Branch Aqueduct. The reser­
voir would have a capacity of 800 T AF. The reservoir 
would receive water, when available, from various 
sources through the Colorado River Aqueduct and SWP 
delivery facilities with some shift of SWP deliveries from 
summer to winter. The project would provide emergency 
storage, carryover, seasonal storage; preserve operating 
reliability; provide substantial wildlife mitigation; and 
optimize groundwater recharge programs. (DWR 1994.) 

A draft EIR was issued in June 1991, and a fmal EIR 
was issued in October 1 991. The final EIR was certified 
early in 1992, and mitigation and construction design is 
ongoing. The current MWD schedule indicates that the 
project would be operational by the end of this decade. 
However, it could take about 5 or more years to fill the 
reservoir, so the full benefit of the reservoir may not be 
realized until after 2004 (DWR 1994 ). 

CITATIONS 

Printed References 

California. Department of Water Resources. 1988a. 
South Delta water management under present con­
ditions. (DWR Exhibit 62, Bay-Delta Hearing.) 
Sacramento, CA. 

____ . Department of Water Resources. 1988b. 
West Delta water management program. Central 
District. Sacramento, CA. 

Appendix 2. Supplemental Project Description 

September 1995 



-----· Department of Water Resources. 1990a. 
Actions and priorities: Delta Flood Protection Act­
eight western Delta islands. Sacramento, CA. 

____ . Department of Water Resources. 1990b. 
Initial study and negative declaration for proposed 
Sherman Island Wildlife Management Plan. Division 
ofPlanning. Sacramento, CA. 

-----:--· Department of Water Resources. 1991. 
Relationships between the projects under review by 
EPA. Draft report. July. Sacramento, CA. 

____ . Department of Water Resources. 1994. 
California water plan update. Volume I. Final. 
(Bulletin 160-93.) October. Sacramento, CA. 

EIP As50Ciates. 1992. Arvin-Edison Water Storage Dis­
trict and Metropolitan Water district of Southern 
California water storage and exchange program: draft 
environmental impact report/ statement. San Fran­
cisco, CA. Prepared for Arvin-Edison Water Storage 
District, Arvin, CA; Metropolitan Water District of 
Southern California, Los Angeles, CA; and U.S. 
Bureau of Reclamation, Mid-Pacific Region, Sacra­
mento, CA. 

Harding Lawson Associates. 1993. Geotechnical evalu­
ation of perimeter levees, Delta Wetlands project: 
letter report. K. Tillis and E. Hultgren. Novem­
ber 16, 1993. Concord, CA. Prepared for Delta 
Wetlands, Lafayette, CA. 

Sacramento Area Flood Control Agency and U.S. Bureau 
of Reclamation. 1994. Interim reoperation of Folsom 
Dam and Reservoir. Final environmental impact 
report/fmal environmental assessment. Sacramento, 
CA. 

U.S. Army Corps of Engineers and Solano County. 
1994. Environmental impact report/environmental 
impact statement for Montezuma wetlands project. 
Draft. (State Clearinghouse [SCH] No. 91113031, 
Corps Public Notice No. 194QSE26.) San Francisco, 
CA. Prepared with the assistance of Brady and 
Associates, Inc., Berkeley, CA. 

Personal Communications 

Glas, Ronald. Senior planner. Department of Environ­
mental Management, Solano County, Fairfield, CA. 
April4, 1995- telephone conversation. 

Delta Wetlands Draft EJRIEIS 

87-1 19CCIAPPD-2 2-14 
Appendix 2. Supplemental Project Description 

September 1995 



Appendix 2, Table 2-1. Monthly Percentiles for Simulated Diversions, 
End-of-Month Storage Volumes, and Discharges for Alternative 1 

·- - --- --·---

Percentile October November December January February March April May June July August September 

DW diversion (TAF) 

0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 l 0 0 0 0 0 0 0 0 0 () 0 
40 0 0 0 1 0 0 0 0 0 0 0 0 
50 0 0 1 1 2 3 0 0 0 0 0 0 
60 0 1 1 1 2 3 0 0 0 5 () 0 
70 3 1 1 14 2 3 0 0 0 5 0 0 
80 63 54 24 65 2 3 4 6 0 5 0 0 
90 185 238 107 204 137 5 4 6 2 5 4 44 

100 238 238 238 238 222 238 11 18 7 8 7 238 
Mean 39 41 31 42 24 13 1 2 1 3 I 22 

DW storage (TAF) 

0 0 0 0 (0) 0 0 (0) (0) 0 (0) (0) (0) 
10 0 0 0 0 0 0 0 0 0 (0) (0) (0) 
20 0 0 0 0 14 56 7 0· 0 0 0 0 
30 0 0 0 61 174 218 151 110 86 0 0 0 
40 0 0 2 236 233 232 196 148 131 5 0 0 
50 0 0 148 238 236 235 229 176 155 34 0 0 
60 0 196 225 238 238 238 234 209 185 88 () 0 
70 39 238 238 238 238 238 234 227 194 138 0 0 
80 201 238 238 238 238 238 238 232 225 161 6 0 
90 238 238 238 238 238 238 238 238 233 183 80 164 

100 238 238 238 238 238 238 238 238 238 238 238 238 
Mean 65 105 122 162 175 181 167 148 135 75 23 26 

DW discharge for export (TAF) 

0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 27 0 
70 0 0 0 0 0 0 0 25 0 70 61 0 
80 0 0 0 0 0 0 37 29 8 160 116 0 
90 0 0 22 0 0 0 46 51 35 202 164 71 

100 0 31 205 166 222 165 79 113 168 230 230 201 
Mean 0 1 13 2 10 5 12 16 8 56 49 18 

Source: Results from DeltaSOS simulation of Alternative 1 based on hydrologic record for 1922-1991 (70 years) (see Appendix A3). 
--------· 



Appendix 2, Table 2-2. Monthly Percentiles for Simulated Diversions, 
End-of- Month Storage Volumes, and Discharges for Alternative 2 

·-----. ---------

Percentile October November December January February March April May June July August September 
----- -~-----------· 

DW diversion (TAF) 

0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 l 0 0 1 0 0 0 0 0 0 0 0 
50 0 0 1 1 2 3 0 0 0 0 0 0 
60 0 1 1 1 2 3 0 0 0 5 0 0 

. 70 3 1 1 6 2 3 0 0 0 5 0 0 
80 63 54 24 61 2 3 4 6 0 5 0 0 
90 185 238 107 204 137 40 4 6 2 5 4 44 

100 238 238 238 238 222 238 186 19 7 8 7 238 
Mean 39 41 31 40 24 14 5 2 1 3 1 22 

DW storage (TAF) 

0 0 0 0 (0) (0) (0) 0 0 (0) (0) (0) (0) 
10 0 0 0 0 0 0 0 0 (0) 0 (0) 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 61 14 0 0 0 0 0 0 0 
40 0 0 2 226 145 15 30 8 0 0 0 0 
50 0 0 174 238 222 226 200 99 0 5 0 0 
60 0 196 233 238 238 238 225 169 0 5 0 0 
70 39 238 238 238 238 238 234 204 62 5 0 0 
80 201 238 238 238 238 238 238 232 147 28 0 0 
90 238 238 238 238 238 238 238 238 233 137 4 164 

100 238 238 238 238 238 238 238 238 238 238 238 238 
Mean 65 105 125 161 147 133 130 111 61 30 9 26 

DW discharge for export (TAF) 

0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 16 7 0 0 0 
80 0 0 0 0 59 11 0 28 132 27 0 0 
90 0 0 8 0 186 142 25 54 195 160 57 0 

100 0 31 205 167 222 235 63 231 225 230 230 170 
Mean 0 1 11 3 37 27 5 17 46 30 18 5 

Source: Results from DeltaSOS simulation of Alternative 2 based on hydrologic record for 1922-1991 (70 years) (see Appendix A3). 
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Appendix Al. Delta Monthly Water Budgets for Operations 
Modeling of the Delta Wetlands Project 

SUMMARY 

This appendix describes the two monthly Delta water budgets required for modeling Delta Wetlands (DW) project 
operations using the Delta Standards and Operations Simulation (DeltaSOS) model, which was developed by Jones & 
Stokes Associates (./SA) to represent possible DW operations under various scenarios for Delta conditions and standards. 
The Delta boundary water budget for DeltaSOS simulations represents systemwide hydrology, including operations of 
upstream reservoirs, inflows to the Delta, Delta channel depletions, Delta exports, and Delta outflow. The DW island 
water budget represents water use on the DW project islands and includes rainfall, consumptive use, and channel 
depletion. 

The boundary water budget is based on results from DWRSIM, the Delta operations model used by California 
Department of Water Resources (DWR). The DeltaSOS water budget terms are based on DWRSIM simulations that 
assumed compliance with the objectives specified in the 1995 Water Quality Control Plan for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary (1995 WQCP) and land use demands projected to exist in 1995. DWRSIM 
was used by California State Water Resources Control Board (SWRCB) to evaluate the 199 5 WQCP objectives and is the 
most commonly used model to evaluate California water management alternatives. 

The reliability of the DWRSIM simulations was confirmed by comparison of DWRSIM input assumptions and output 
with historical streamflow and reservoir storage measurements and unimpaired streamflow estimates. The general 
agreement between these historical and simulated values supports the adequacy of the DWRSIM simulations that were 
used to describe the Delta boundary water budget; the simulations therefore provide a reasonable basis for evaluating 
DW project operations and potential environmental impacts under a variety of operating criteria, existing Delta . 
standards, and hydrologic conditions using DeltaSOS. 

The DW island water budget is based on the general water budget estimated for the portion of the Delta islands 
constituting irrigated Delta lowlands. The average monthly values for DW island water budget terms are based on 
DeltaDWQ model results for water years 1967-1991 (as presented in Appendix C4, "DeltaDWQ: Delta Drainage Water 
Quality Model''). Some of the basic data needed to estimate the DW island water budget terms are measurable {presented 
in this appendix); other values must be estimated indirectly. The estimated water budget for the DW project islands is 
adequate for DeltaSOS modeling of DW project impacts. 

The DeltaSOS model uses the calculated change in the DW island water budget between intensified agricultural use 
and DW project operations ..!,O adjust the channel depletion values from DWRS1M. DeltaSOS is then used to simulate 
monthly DW project operations, as controlled by the DWRSIM initial Delta boundary water budget, appropriate Delta 
objectives and requirements, and selected DW operating criteria. 
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INTRODUCTION 

Purpose of This Appendix 

The purpose of this appendix is to describe the 
monthly Delta water budgets used as input to the Delta­
SOS model. DeltaSOS simulations were used to assess 
potential impacts of each of the DW project alternatives 
on water supply, Delta channel hydrodynamics, water 
quality, and fisheries (see Chapters 3A, 3B, 3C, and 3F, 
respectively). 

Two monthly Delta water budgets are needed to 
evaluate likely effects of DW project operations. One 
consists of Delta boundary (systemwide) estimates of 
Delta inflows, exports, and outflow; the boundary water 
budget is based on results from DWR's Delta operations 
model, DWRSIM. The other water budget represents 
water use estimated for operations on the DW project 
islands and consists of estimates for rainfall, evaporation 
or crop evapotranspiration (ET), soil moisture, seepage, 
applied irrigation and salt leaching water, and drainage 
water. Both the Delta boundary and DW island monthly 
water budgets are described in this appendix, and their 
reliability for use in the DeltaSOS model are confirmed. 

Reliability of Operations Modeling 
of the DW Project 

The DeltaSOS model was developed by JSA to 
represent possible DW operations in the context of 
various scenarios for Delta conditions and standards. 
DeltaSOS operations modeling of the DW project uses 
results of DWRSIM study "1995-C6B-SWRCB-409", 
performed in January 1995 by DWR to evaluate pro­
posed 1995 WQCP objectives. These simulations as­
sume current Delta facilities and operational constraints 
and the 1995 level of development, in addition to 1995 
WQCP objectives. These DWRSIM results were used as 
the initial Delta water budget for.DeltaSOS simulations 
of channel flows, outflow, exports, and DW operations 
under a wide variety of hydrologic conditions for each of 
the DW project alternatives, based on the 70-year hydro­
logic record for water years 1922-1991. DeltaSOS is 
described in Appendix A2, "DeltaSOS: Delta Standards 
and Operations Simulation Model". Details of the appli­
cation ofDeltaSOS to evaluation of the DW project alter­
natives and DeltaSOS results are provided m Appen­
dix A3, "DeltaSOS Simulations of the Delta Wetlands 
Project Alternatives". 
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DeltaSOS does not simulate operations of upstream 
Sacramento or San Joaquin River reservoirs nor the 
operations of south-of-Delta aqueducts or reservoirs. 
Direct simulation of likely effects of full integration of the 
proposed DW project with State Water Project (SWP) 
and Central Valley Project (CVP) operations is not 
possible with DeltaSOS. 

DWRSIM results provide a simplified representation 
ofCVP and SWP operations that were used as a basis for 
assessing water supply effects of the proposed DW 
project. "Delta Monthly Water Budget Simulated by 
DWRSIM", below, describes DWRSIM simulations of 
operations of upstream reservoirs and presents the 
historical operations of these reservoirs for water years 
1967-1991 for confirmation of modeling results. Histor­
ical Delta inflows, exports, and outflows for water years 
I 967-1991 are also documented in this section. This 25-
year period was selected for confirmation of DWRSIM 
simulations because nearly all CVP and SWP facilities 
were operating during these years. Demands for Delta 
exports increased substantially during this period to 
approximately 6 million acre-feet per year (MAF!yr) in 
1989 and 1990. All references to hydrologic data and 
simulation results are based on water years (October­
September). 

Operations modeling for the DW project is designed 
to provide a measure of the relative effects of various DW 
project alternatives under constant sets of systemwide 
assumptions. DeltaSOS is used to simulate Delta condi­
tions that are consistent with assumed systemwide hydrol­
ogy and export demands and that satisfy assumed objec­
tives governing Delta conditions. Relative environmental 
effects can then be evaluated by comparing DeltaSOS 
results for operation of each DW project alternative with 
those for operations under the No-Project Alternative. 
The comparison of relative effects between the simulation 
cases for the DW project alternatives and the.No-Project 
Alternative is the primary focus for impact analysis. The 
fact that the set of systemwide assumptions on hydrology 
and demands used in DWRSIM and DeltaSOS have 
unknown or uncertain accuracy is therefore not crucial for 
the purposes of comparative impact analysis between 
alternatives. It is important, nevertheless, to demonstrate 
that DWRSIM results provide a reasonable represen­
tation of conditions that can be expected in the Delta 
under the 1995 WQCP objectives and operating criteria 
for the SWP and the CVP. The impacts that are simu­
lated and discussed in this EIRIEIS are representative of 
the range of effects that would be expected under actual 
operations of the DW project. 
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DeltaSOS is a tool for evaluating Delta environ­
mental impacts on a monthly average time scale Wider a 
wide range of hydrologic conditions. The likely effects of 
daily Delta conditions on operations of the proposed D W 
project are described in Appendix A4, "Possible Effects 
of Daily Delta Conditions on Delta Wetlands Project 
Operations and hnpact Assessments". Both monthly and 
daily simulation results will be used for establishing fmal 
project capacities or operating constraints. 

DELTA MONTHLY WATER BUDGET 
SIMULATED BY DWRSIM 

DWRSIM Model Description 

DWRSIM is the DWR monthly planning model for 
California, which simulates potential operations of the 
major SWP and CVP project facilities with specified 
operational constraints, such as 1995 WQCP objectives 
and export limits (DWR 1985). The DWRSIM model 
was based on a general HEC-3 reservoir system analysis 
program but has been extensively modified to simulate 
many unique features of the CVP and SWP facilities and 
operations (DWR 1986). Several additional features 
have been added to properly represent the 1995 WQCP 
objectives. The DWRSIM model was used by SWRCB 
to evaluate the likely water supply effects of the WQCP 
compared with existing Delta operating objectives, and 
is one of the most widely used water resource planning 
models for California (SWRCB 1995). 

Streams and Facilities Modeled in DWRSIM 

Figure A 1-1 shows the major streams and facilities 
that are included in the DWRSIM model. The two major 
streams tributary to the Delta are the Sacramento River 
and San Joaquin River. The DWRSIM simulates some, 
but not all, of the major tributary facilities. The simu­
lation of upstream facility operations is important because 
some of these operations are controlled by Delta outflow 
requirements and export limits. The reservoir releases 
are also governed by flood control storage rules, instream 
flow requirements, power generation constraints, and 
upstream diversion targets. The following overview of 
these upstream facilities included in DWRSIM will help 
the reader Widerstand and evaluate the DWRSIM-simu­
lated Delta boWidary water budget. 

Because the major upstream SWP storage facility is 
Oroville Reservoir, located on the Feather River, the 
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Feather River is simulated in DWRSIM. Oroville 
Reservoir, with a capacity of about 3.5 MAF, releases 
water for Feather River diversions, Delta outflow require­
ments, and Delta exports into the California Aqueduct. 
Thermalito Forebay and Afterbay act as regulating reser­
voirs for peaking power releases from Oroville Reser­
voir. Oroville-Thermalito can be operated as a pumped­
back facility for peaking power generation. 

The Yuba River, a major tributary of the Feather 
River, is not modeled by DWRSIM because operations of 
the major storage reservoir, New Bullards Bar, are 
controlled by Yuba CoWity Water Agency. The monthly 
operations of several local water resource facilities, such 
as New Bullards Bar, are assumed to remain Wichanged 
by potential SWP operations, and are specified as fixed 
time-series inputs to DWRSIM. 

The Trinity River is included in DWRSIM because 
major CVP facilities have been constructed on the Trinity 
River to store water and divert it to the Sacramento River. 
Clair Engle Reservoir has a capacity of about 2.5 MAF. 
Lewiston Reservoir acts as a regulating reservoir for 
peaking power releases from Clair Engle Reservoir and 
as the diversion intake for the Judge Francis Carr tWine! 
and power plant, which releases into Whiskeytown Re­
servoir. Whiskeytown Reservoir, with a capacity of 
about 225 thousand acre-feet (T AF) on Clear Creek, 
provides seasonal storage and diversions to the Spring 
Creek power plant, which releases into Keswick Reser­
voir on the Sacramento River. 

Shasta Reservoir, with a capacity of about 4.5 MAF, 
is the largest CVP storage facility and releases water for 
Sacramento Valley diversions, Delta outflow require­
ments, and Delta exports into the Delta-Mendota Canal. 
(DMC). Keswick Reservoir acts as a regulating reservoir 
for Shasta Reservoir and Spring Creek peaking hydro­
power releases. Major diversions from the Sacramento 
River are simulated at the Red Bluff Diversion Dam for 
the CVP Corning and Tehema-Colusa Canals. Several 
major diversions on the Sacramento River that are not 
associated with CVP or SWP "contractors", such as the 
Glenn-Colusa Irrigation District, are simulated in 
DWRSIM with relatively fixed monthly diversion targets. 

Folsom Reservoir, with a storage capacity of about 
I MAF, is another important CVP storage facility, loca­
ted on the American River. Lake Natoma acts as a 
regulating reservoir for peaking power releases from 
Folsom Reservoir. Downstream releases supply local 
diversions, instream flows, Delta outflow requirements, 
and Delta exports into the DMC. 
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All the remaining tributary streams, including the 
entire San Joaquin River, are specified as fixed monthly 
time-series inputs in DWRSIM. Because of the I 995 
WQCP pulse-flow requirements for the San Joaquin 
River and investigations of potential increased instream 
flows on the Stanislaus River below the CVP New 
Melones Reservoir (2.4-MAF capacity), DWR has 
developed a separate simulation model for the Stanislaus 
River. However, this is used to generate a monthly San 
Joaquin River inflow sequence for DWRSIM input. 
None of the San Joaquin River tributary reservoirs are 
simulated in DWRSIM. Westside streams, such as 
Stony, Cache, and Putah Creeks, are simulated in 
DWRSIM; monthly estimates of flows from these streams 
are included as local inflow inputs. 

San Luis Reservoir, located south ofthe Delta adja­
cent to the California Aqueduct and the DMC is a joint 
CVP and SWP storage facility with a capacity of about 2 
MAF. It is operated to store Delta exports for later 
release during the irrigation season. It is an important 
feature of the SWP and CVP projects because it allows 
Delta exports to be pwnped during periods of high Delta 
inflows prior to the peak seasonal demands for irrigation 
water. 

The DWRSIM model also includes the pwnping, 
diversion, and storage facilities along the California 
Aqueduct. While the total demands for Delta exports are 
important, simulations of these individual south-of-Delta 
facilities are not necessary for purposes of Delta simu­
lations and evaluations of likely DW operations. 

The next section describes the hydrologic inputs 
used in DWRSIM and compares simulated upstream 
reservoir operations with historical reservoir operations 
for the period of water years 1967-1991, when most 
SWP and CVP facilities were constructed and operating. 

Overview of DWRSIM Modeling Assumptions 

DWRSIM operations modeling requires input 
assumptions about monthly in&ws, monthly channel 
depletions, and demands for diversions for the combined 
SWP and CVP systems and other nonproject demands. 
Asswnptions about inflows can be confirmed with esti­
mates of unimpaired flow in each of the major rivers. 
Depletions and diversions are generally not measured, 
however, so these asswnptions can only be indirectly 
confirmed by comparing the results from DWRSIM 
simulations with measured downstream flows. The 
following sections describe the DWRSIM hydrologic 
inputs and describe Delta inflows, outflows, and exports 
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simulated by this DWRSIM study. Records of historical 
flows and reservoir operations for 1 96 7-1 991 provide 
general confirmation of these DWRSIM results for the 
period when most SWP and CVP facilities were com­
pleted and operating. 

DWRSIM inputs and simulated outputs sometimes 
differ from historical measurements and unimpaired flow 
estimates because not all historical conditions can be 
modeled with a single simulation that asswnes a parti­
cular set of facilities and water demands. 

Table Al-l presents average values for DWRSIM 
inputs, DWRSIM-simulated outputs, estimates of unim­
paired flows, and historical flow measurements at 
upstream and Delta locations. Corresponding annual 
values for each year of the 70-year hydrologic record are 
presented in Table Al-2 and in Figures Al-2 through 
Al-25, and are described in the following sections. 
These historical data demonstrate the adequacy of the 
DWRSIM simulations used to describe the Delta bound­
ary water budget. The DWRSIM results therefore pro­
vide a reasonable basis for comparative evaluation of 
DW project operations and potential environmental 
impacts. 

Upstream Flows and Reservoir 
Operations 

This section presents four types of monthly data for 
various parameters of upstream hydrology: 

• values asswned as input to DWRSIM; 

• values simulated as output by DWRSIM study 
1995-C6B-SWRCB-409; 

• unimpaired flow values (natural flow), defined 
as flow measurements adjusted to compensate 
for measured storage changes and estimated 
diversion upstream of the measurement station; 
and 

• historical measured flow values, with no com­
pensation for upstream water development. 

The DWRSIM hydrologic input data set incorporates 
estimates of unimpaired runoff from streams tributary to 
the Delta combined with estimates of upstream depletions 
and reservoir storage effects. Land use in the basin in­
fluences the upstream depletion estimates. The depletion 
estimates used to develop the DWRSIM input data were 
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based on assumed land use patterns representing the 
cwrent 1995level of development. Total annual hydrol­
ogy inputs for DWRSIM were often slightly less than or 
equal to unimpaired flow estimates. Unimpaired flow 
estimates represent the maximum possible flow at a 
location, and thus should be larger than both historical 
and simulated values, unless there are major diversions 
between rivers. DWRSIM input data for each major 
reservoir can be compared with unimpaired streamflow 
estimates at each reservoir location to identify the magni­
tude of upstream diversions and storage adjustments. 

The major hydrologic inputs for DWRSIM are the 
reservoir inflows and local inflows from each tributary 
stream Table A 1-2 presents the annual upstream unim­
paired flows and DWRSIM inputs for the Trinity River 
and Sacramento River tributaries for water years 1922-
1991. 1be annual inflows are used to classify each water 
year according to various water-year-type classification 
schemes. Delivery deficiencies, instream flows, and 
Delta outflow requirements may depend on the year type. 
The Shasta inflow is used in several CVP water contracts. 
The 1995 WQCP uses a "40-30-30" weighted classi­
fication (see footnote 2 of Table 1 of the 1995 WQCP) of 
the Sacramento Valley Four-River Runoff Index, which 
is the sum of the runoff of the Sacramento River at Bend 
Bridge and the Feather, Yuba, and American Rivers. The 
water-year period runs from October to September, but 
the year type cannot be accurately determined until March 
or April, when the bulk of precipitation has been record­
ed as rain or snowpack measurements. 

Table Al-2 indicates that there is considerable varia­
tion in Trinity River and Sacramento River runoff from 
one water year to the next. The DWRSIM model simu­
lates the operation of the CVP and SWP reservoir system 
and Delta exports for the historical sequence of inflows, 
as though they were to be repeated in the future with 
cwrent reservoirs, diversion demands, specified instream 
flow requirements and Delta objectives. The DeltaSOS 
model is used to simulate potential operation of the DW 
project within the historical hydrologic variability and 
likely future operations of the SWP and CVP facilities. 

Figure Al-2 shows ~ual values for DWRSIM 
model inputs for Clair Engle Reservoir inflows on the 
Trinity River for water years I 922-1991. Unimpaired 
flow estimates for the Trinity River at Lewiston are 
shown for comparison. The overall average for the 
DWRSIM Trinity River inflows for 1922-1991 is I ,218 
thousand acre-feet per year (T AF lyr), which is very close 
to the estimate of unimpaired average ahnual flow at 
Lewiston of 1 ,245 T AF !yr. Annual inflow estimates for 
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Clair Engle Reservoir ranged from 227 T AF!yr in 1977 
to 2,887 T AF!yr in 1983. 

Figure A 1-3 shows annual values for DWRSIM 
inputs and unimpaired flow estimates for Trinity River 
flows below Clair Engle Reservoir for 1922-1991. 
Trinity River minimum flows of 340 T AF lyr are currently 
required downstream of Clair Engle Reservoir (under 
evaluation by U.S. Fish and Wildlife Service). Most of 
the remaining inflow is diverted to the Sacramento River 
by CVP facilities, although flows have spilled to the 
Trinity River in some wet years. The 1922-1991 average 
simulated Trinity River flow was 369 T AF. 

The CVP Trinity River diversions directly affect 
Sacramento River flows and Delta inflows. The simu­
lated average annual diversion for I 922-1991 is 882 
T AF /yr, and Trinity River diversions averaged 1 ,027 
T AF /yr for historical values and 1 ,024 T AF lyr for 
DWRSIMresultsfor 1967-1991 (Table Al-l). Figure 
A 1-4 shows the historical and simulated values for 
monthly Trinity River diversions via the J. F. Carr Tunnel 
to Whiskeytown Reservoirfor 1967-1991. The 1967-
l 991 monthly DWRSIM results generally follow the 
seasonal pattern of the historical diversions. Historical 
monthly average diversions ranged from no diversions in 
winter of some years to about 3,500 cubic feet per second 
(cfs) in fall 1969. Monthly simulations by DWRSIM 
never exceed 3,300 cfs nor fall below 250 cfs. 

Simulated values for most years generally follow 
historical records for end-of-month Clair Engle Reservoir 
storage for 1967-1991 (Figure Al-5). Simulated values 
differ from historical records during dry years, when 
reservoir operations are most sensitive to the simulated 
operations criteria. Typically, Clair Engle Reservoir is 
operated with a maximum storage of 2,500 T AF and an 
annual drawdown of approximately 7 50 T AF. Minimum 
carryover storage in 1967-1991 was 250 T AF at the end 
of water year 1977. During periods of drought, annual 
drawdown increased to approximately 1,000 TAF. 
Differences between simulated and historical Trinity 
River diversions correspond with differences in simulated 
and historical Clair Engle Reservoir storage patterns. 

The historical and simulated reservoir operations can 
be summarized with the September end-of-month carry­
over storage for each water year. Table Al-3 gives the 
historical and simulated carryover storage for Clair Engle 
Reservoir and the other major reservoirs simulated by 
DWRSIM. The simulated carryover storage would be 
expected to be most similar to the historical values during 
the 1%7-1991 period, when most CVP and SWP facili­
ties were constructed and operating. However, many of 
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the simulated flood control requirements, instream flow 
requirements, and Delta WQCP objectives for outflow or 
export are different from the historical conditions and 
constraints. 

Figure Al-6 compares DWRSIM inputs and unim­
paired flow estimates for annual inflows to Shasta Reser­
voir for 1922-1991. The 1922-1991 average annual 
model input for Shasta Reservoir inflow was S,SSS 
TAF!yr, and the average annual unimpaired flow estimate 
was S,S60 TAF!yr (Table Al-2). Estimates of annual 
inflow to Shasta Reservoir ranged from about 2,SOO 
T AF lyr ( 1924, 1931, 1977) to more than 10,000 T AF lyr 
(1974, 1983). The 1967-1991 average was S,98S 
TAF!yr. 

Figure Al-7 shows end-of-month Shasta Reservoir 
storage for 1967-1991, as simulated by DWRSIM and as 
measured historically. Historical and simulated values 
generally correspond, except during the drought period of 
1976-1977, when simulated storage values exceeded 
historical levels by approximately 1,000 TAF. Storage 
capacity at Shasta Reservoir is approximately 4 ,SOO T AF, 
and annual drawdowns during 1967-1991 were between 
1,000 T AF and 1 ,500 T AF. Maximum drawdown during 
the 1 967-1991 period was about 2,000 T AF in 1981, 
which was classified as a dry year. During the 1976-
1977 drought, Shasta Reservoir storage declined to a low 
of about 600 T AF. Shasta Reservoir carryover storage 
wasabout l,SOOTAFduring 1987-1991 droughtcondi­
tions. Simulated canyover storage remained greater than 
1,000 TAF (Table Al-3). 

Simulated and historical monthly flows in the Sacra­
mento River at Bend Bridge (near Red Bluft) were 
similar for 1967-1991 (Figure Al-8). The average 
annual flows were 9,478 TAF and 9,4SO TAF for the 
simulated and historical flows, respectively (Table Al-l). 
The unimpaired flow estimate at Bend Bridge for 1967-
1991 (8, 721 T AF) is considerably lower than the simu­
lated and historical values because diversions from the 
Trinity River Basin to the Sacramento Valley are not in­
cluded in the Bend Bridge unimpaired flow estimate. The 
average annual unimpaired flow. estimate of runoff from 
tributary streams between Shasta Reservoir and Bend 
Bridge was about 2,736 T AF for the 1967-1991 period. 
These tributary inflows cannot be regulated by any exist­
ing reservoirs. 

Monthly average flows at Bend Bridge during 1 96 7-
1991 varied from S,OOO cfs to about 7S,OOO cfs (Figure 
Al-8). Flows in the upper Sacramento River are norm­
ally highest in swmner because of releases to meet irri­
gation demands, but during years with very high inflows 
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to Shasta Reservoir, large flow-control releases in late 
winter and early spring were necessary and resulted in 
very high peak flows. 

Figure Al-9 shows DWRSIM inputs and unimpaired 
flow estimates for annual Oroville Reservoir inflows for 
water years 1922-1991. The unimpaired inflow esti­
mates averaged 4,306 TAF!yr; DWRSIM input values 
averaged 3,889 TAF!yr (Table Al-2). This difference is 
attributable to assumed upstream uses and diver~ions. 
DWRSIM (Table A1-2) indicates that annual inflow 
estimates vary from 7 SO T AF (1977) to more than 7 ,SOO 
TAF(1938, 1974,1982, 1983). 

Figure Al-10 shows end-of-month Oroville Reser­
voir storage for 1967-1991 simulated by DWRSIM and 
measured historically. Generally, the reservoir is filled to 
approximately 3 ,SOO T AF (reservoir capacity) in spring 
and lowered approximately 7 SO T AF in summer. During 
periods of drought, drawdown is greater and storage 
declines. The lowest carryover storage during 1967-
1991 was about 900 T AF in water year 1977. Carryover 
storage fluctuated between about 1 ,000 T AF and 2,000 
T AF during the 1987-1991 drought period. Simulated 
carryover storage was similar to historical in most years 
(Table Al-3). 

Figure A1-ll shows the annual 1922-1991 inflow 
for the Yuba and Bear Rivers assumed in DWRSIM 
compared with the unimpaired flow estimates of the 
Yuba River at Smartville and the Bear River at Wheat­
land. The DWRSIM input for average annual Yuba 
River inflow was 2,899 T AF lyr, and the unimpaired flow 
estimate for average annual flow for the Yuba and Bear 
Rivers was 2,S73 TAF!yr for 1922-1991 (Table Al-2). 
DWRSIM inflows are higher than unimpaired flow 
estimates because oflocal gains along the Yuba and Bear 
Rivers (below Smartville and Wheatland) during wet 
periods. 

Figure A 1-12 compares DWRSIM inputs and unim­
paired flow estimates for annual Folsom Reservoir in­
flows for water years 1922-1991. The unimpaired flow 
estimates average 2,S86 TAF!yr, and annual DWRSIM 
inputs average 2,700 TAF!yr (Table Al-l). The higher 
value for DWRSIM American River inflows can be 
generally attributed to power-generating diversions from 
other basins. Upstream storage differences may produce 
differences between model inputs and unimpaired flow 
estimates. DWRSIM-estimated Folsom Reservoir annual 
inflows varied from about 4SO T AF ( 1977) to 6,SOO T AF 
(1983) (Table Al-2). 
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Figure Al-13 shows the simulated and historical 
end-of-month Folsom Reservoir storage for 1967-1991. 
Flood control operations require that Folsom Reservoir 
storage is less than 600 T AF in winter. Folsom Reservoir 
is generally filled to 975 T AF (reservoir capacity) during 
spring, then lowered to the flood control storage of about 
600 T AF in fall. The lowest historical carryover storage 
during the 1967-1991 period was 150 TAF in 1977, and 
carryover storage was less than 200 T AF in 1988 and 
1990. Simulated carryover storage remained above 
100 TAF, except in 1977 (Table Al-3). 

Figure Al-14 compares the monthly simulated and 
historical American River flows at Fair Oaks for 1967-
1991. Flows are a function of upstream reservoir opera­
tions, local diversions, and minimum required American 
River flows. American River monthly average flows for 
1967-1991 ranged from about 500 cfs in water year 1977 
to 32,000 cfs in water year 1986. 

Delta Inflows 

The combination of these simulated upstream reser­
voir operations and local inflows, minus the simulated 
diversions along these upstream tributaries, produce the 
simulated Delta inflows. Table Al-4 shows the annual 
historical and DWRSIM-simulated Delta inflows for 
water years 1922-1991. Some Sacramento River inflow 
is diverted into the Yolo Bypass during high-flow 
periods. Eastside streams include the Cosumnes, Moke­
lumne, and Calaveras Rivers. The San Joaquin River 
inflow at Vernalis includes contributions from the Stanis­
laus, Tuolumne, and Merced Rivers. Local runoff from 
rainfall events in the Delta can provide substantial inflow 
in some years. 

Figure Al-15 shows the historical and DWRSIM­
simulated annual Sacramento River and Yolo Bypass 
inflows to the Delta for 1922-1991. Effects of local 
inflows, Sacramento Valley irrigation diversions, and 
other conswnptive uses are aggregated in these combined 
Sacramento and Yolo Bypass inflows. Historical flow 
records for Freeport commenced in 1949; data prior to 
1949 are from DWR's DA YFLOW estimates (1930-
1948) combined with estimates based on DWR's unim­
paired monthly flow estimates (1922-1929). DAY­
FLOW is a database of measured daily Delta inflows and 
exports, and estimated outflows and consumptive use 
values. The average annual historical Sacramento River 
and Yolo Bypass flows for 1967-1991 were 17,280 
TAF/yr and 3,218 TAF/yr, respectively, and the DWR­
SIM-simulated average inflows for 1967-1991 were 
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17,454 TAF/yr and 2,899 TAF/yr, respectively (Table 
A 1-4 ). The year-to-year variations in historical measure­
ments and DWRSIM simulations generally correspond 
well. 

Figure A 1-16 shows the monthly historical and 
DWRSIM:-sirnulated Sacramento River and Yolo Bypass 
flows for 1967-1991. The historical Sacramento River 
flow is limited to about 80,000 cfs (channel capacity), 
with excess flow diverted into the Yolo Bypass. Monthly 
average flows of the Yolo Bypass and the Sacramento 
River combined during 1967-1991 have varied from 
about 10,000 cfs to approximately 210,000 cfs. Differ­
ences between historical and simulated monthly flows can 
be attributed to changes in upstream reservoir operations 
and upstream diversions that are reflected in the historical 
record but not in the simulations. 

Both the San Joaquin River and eastside streams are 
fixed inputs for DWRSIM simulations. Figure A 1-17 
shows the annual DWRSIM inputs with unimpaired flow 
estimates and historical measurements of flows in the San 
Joaquin River at Vernalis for 1922-1991. Annual DWR­
SIM inputs for San Joaquin River flows ranged from 
about 950 TAF (1990) to 15,726 TAF (1983) and aver­
aged 2,401 TAF (Table Al-4). Assumed input flows are 
substantially lower than estimated annual average unim­
paired flows because of upstream storage and irrigation 
diversions assumed in the simulations (Table A 1-3). 

Figure Al-18 shows the DWRSIM inputs and 
historical measurements for monthly San Joaquin River 
flows for 1967-1991. Historical monthly flows range 
from almost no flow to peaks of greater than 40,000 cfs. 
DWRSIM: input flows are similar to historical values 
during this period because most of the water facilities 
assumed in DWRSIM modeling were operating. The 
annual average historical Vernalis flow for 1967-1991 
was 3,521 T AF; simulated inputs averaged 3,077 T AF 
(Table Al-4). 

Figure Al-19 compares DWRSIM inputs, historical 
measurements, and unimpaired flow estimates for annual 
flows for eastside streams for 1922-1991. The average 
annual DWRSIM input for eastside stream inflow was 
835 TAF/yr, and the annual average unimpaired inflow 
was 1,065 TAF/yrfor 1922-1991 (Table Al-l). 

Figure Al-20 shows the mean monthly DWRSIM 
inputs and DA YFLOW historical estimates for eastside 
stream inflows to the Delta for 196 7-1 991. The histor­
ical monthly eastside streamflows range from almost no 
flow to about 20,000 cfs. Average annual historical east­
side stream inflow to the Delta during 1967-1991 was 
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1,163 TAF, the unimpaired flow estimate was 1,157 
T AF, and the average annual DWRSIM input was 1,088 
TAF (Table Al-4). 

The fmal DWRSIM input for inflow to the Delta is 
local Delta nmoff, estimated from Delta precipitation 
records and asswning complete nmoff. An estimate of 
Delta net channel depletion is also used in DWRSIM and 
is calculated by subtraction oflocal Delta nmoff estimates 
from Delta evapotranspiration (ET) estimates. Figure 
Al-21 shows the mean monthly net Delta channel deple­
tion input to DWRSIM compared with mean monthly 
DA YFLOW estimates of historical Delta precipitation, 
ET (consumptive use), and Delta net channel depletion 
for 1967-1991. The monthly DA YFLOW and DWRSIM 
estimates of net channel depletion are similar. DWRSIM 
mean monthly estimated net channel depletion ranged 
from -8,000 cfs in water year 1986 (net nmoft) to 4,500 
cfs during swnmer (July) of each year. Average annual 
DWRSIM and DA YFLOW estimates of net channel 
depletions were 842 TAF/yr and 739 TAF/yr, respec­
tively, for 1967-1991 (Table Al-l). 

Delta Exports and Outflow 

Table Al-5 gives the annual average historical and 
simulated Delta exports and outflow for water years 
1922-1991. 

[)WRSIM simulates Delta exports and Delta outflow 
after determining the amount of Delta inflows required 
for Delta channel depletion. Delta export pumping 
occurs in four locations: CVP pumping at Tracy, SWP 
pwnping at Banks, Contra Costa Water District (CCWD) 
diversions at Rock Slough, and North Bay Aqueduct 
pumping at Barker Slough. 

DWRSIM simulates Delta exports to meet down­
stream monthly demands and to fill San Luis Reservoir 
for meeting seasonal demands, subject to 1995 WQCP 
Delta objectives for outflow and pumping limits. The 
magnitude of downstream delll.ands is a major input 
assumption of DWRSIM that governs the amount of 
simulated Delta exports. 

DWRSIM was modified for the 1995 WQCP simu­
lations to use a variable SWP demand that depends on 
Kern River flow and Los Angeles rainfall (SWRCB 
1995). The Metropolitan Water District of Southern 
California (MWD) demand varies from a maximum of 
1,450 T AF in dry years to a minimum of 800 T AF in wet 
years. The SWP agricultural demand varies from a 

Delta Wetlands Draft EIR/EJS 

87-l/9DDIAPPD-Al Al-8 

maximum of 1 ,220 T AF in dry years to a minimum of 
915 T AF in wet years. The CVP Delta demands were 
specified as a constant 1995 level of export demand of 
3,295 TAF. The CCWD demand was specified as 145 
TAF/yr. However, because of incorporation into DWR­
SIM of limitations associated with the Coordinated 
Operation Agreement (COA) and WQCP Delta objec­
tives, the DWRSIM-simulated CVP Delta exports for 
1922-1991 averaged only 2,758 TAF/yr. The variable 
SWP demands resulted in an average simulated SWP 
Delta export of 2,955 T AF !yr. The simulated average 
annual total Delta export was 5,712 TAF/yr. 

Figure Al-22 shows annual Delta CVP and SWP 
exports and CCWD diversions for 1922-1991 as simu­
lated byDWRSIM and from DA YFLOW historical esti­
mates. Historical annual exports increased to approxi­
mately 6,000 T AF during the late 1980s. DWRSIM­
simulated demands totaled about 6,000 T AF throughout 
the simulated period, and were divided almost equally 
between CVP and SWP exports. CCWD diversions were 
fixed in DWRSIM simulations, with an average annual 
export value of about 146 T AF !yr. 

Figure A 1-23 shows mean monthly Delta exports for 
1967-1991 as simulated by DWRSIM and from DAY­
FLOW historical measurements. Historical exports in­
creased steadily throughout the 1967-1991 period. Simu­
lated exports are thus much higher than historical exports 
in the earlier parts of the 1967-1 991 period because 
DWRSIM-simulated exports are based on currently 
operating facilities and demands with 1995 WQCP Delta 
objectives. 

Figure Al-24 shows DWRSIM-simulated and DAY­
FLOW estimated annual Delta outflows for 1922-1991. 
Simulated values are lower than estimated historical out­
flows in the earlier years but match better in recent years 
because DWRSIM simulations assume 1995 level of 
facilities, land use, and export demands, which approxi­
mate operations in recent years. DA YFLOW estimated 
Delta outflow averaged 20,368 TAF/yr for 1967-1991, 
and DWRSIM-simulated Delta outflow averaged 17,993 
TAF/yr (Table Al-5). 

Figure A 1-25 shows mean monthly Delta outflow for 
1967-1991, as simulated by DWRSIM and from DAY­
FLOW historical estimates. Differences between the 
simulated and historical values can be attributed to 
differences between simulated and historical Delta in­
flows, exports, or required Delta outflow standards. His­
torical mean monthly Delta outflows have ranged from 
less than 5,000 cfs to more than 250,000 cfs (water year 
1983). 
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1bis section has described the DWRSIM inputs and 
simulated results for Delta inflows, which are based on 
the specified reservoir operations, instream flows, and the 
1995 WQCP objectives. The comparisons with historical 
data for the 1967-1991 period, when most C VP and S WP 
facilities were constructed and operating, provides evi­
dence that the basic DWRSIM simulations of the up­
stream CVP and SWP reservoirs and Delta operations 
are reliable. Because the impact assessments for DW 
operations will use incremental analysis between simu­
lated conditions for the No-Project Alternative and each 
alternative, the absolute accuracy of the DWRSIM results 
is not crucial to the outcome of the DW impact assess­
ments for water supply, hydrodynamics, water quality, 
and fisheries. 

DELTA ISLAND WATER BUDGET 

DW project operations would change the Delta 
water budget by converting No-Project Alternative inten­
sive agricultural land use to a combination of water stor­
age and wetland habitat management. The changes in the 
water budget for the DW project islands are used to 
modify the Delta channel depletion values from DWR­
SIM. The modified values are then used in DeltaSOS 
simulations of monthly DW project operations, as con­
trolled by the DWRSIM initial water budget and appro­
priate Delta standards and selected DW operating cri­
teria. 

The Delta is traditionally divided into uplands and 
lowlands, based on elevation (DWR 1993). The agricul­
tural water budget for the Delta lowlands (where the DW 
project islands are located) is compared with the assumed 
water budget for the DW project islands in this section. 

Delta Agricultural Water 
Budget Terms 

Table Al-6 gives estimated Delta areas for each 
major land use category. Delta uplands and lowlands 
include areas of open water and riparian, urban, irrigated, 
and natural-idle land. The natural-idle portion of the 
Delta is assumed not to contribute to the Delta agricul­
tural water budget because rainfall is assumed to be 
retained until ET depletes the available moisture for the 
year. 

Table Al-6 also shows assumed land use for the 
proposed DW habitat islands, which will include both 
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irrigated croplands and seasonal flooded wetlands. The 
DW reservoir islands will generally be used for water 
storage but may support shallow-water wetlands in years 
with no available water for diversion and storage. 

Delta agricultural water budget terms include rain­
fall, evaporation or crop ET, soil moisture storage, seep­
age, applied irrigation and salt leaching water, and drain­
age water. Table Al-7 provides estimated monthly 
values (in inches of water) for each water budget term for 
the Delta agricultural water budget. The open water, 
riparian, and urban areas are separated from irrigated 
Delta uplands and irrigated Delta lowlands. 

Contributing areas and annual water volumes 
(T AF /yr) are also given in Table A 1-7. Monthly water 
values can be determined by multiplying the monthly 
water depth (in feet) by the acreages contributing to each 
term. 

Basic data needed to estimate the Delta island water 
budget terms include monthly rainfall and monthly aver­
age ET rates (estimated from crop acreages and assumed 
crop ET rates). Estimates of irrigation leaching fraction 
(i.e., ratio of drainage to applied water), seepage rates, 
minimum and maximum monthly soil moisture depths, 
and monthly drainage depths for salt leaching are more 
difficult to obtain. An assumed leaching fraction of SO% 
is used to estimate irrigation diversions and resulting 
drainage flows for the Delta lowlands. Under this 
assumption, for each inch of crop ET, 2 inches of water 
would be applied as irrigation water and I inch would 
appear as drainage. These assumed Delta island water 
budget terms are based on DeltaDWQ model results 
given in Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Model". 

For the Delta lowlands, a constant seepage of 1 inch 
per month is assumed to flow directly into drainage 
ditches and is therefore not used to satisfY crop ET. Delta 
lowlands also have a significant amount of water applied 
for salt leaching that is drained during winter to remove 
accumulated salts from the soil crop root zone. Leaching 
water is assumed to be applied in December, January, 
and February (6 inches per year) to approximate salt 
leaching water practices on the Delta lowland islands. 

For example, the estimated water budget for the 
irrigated portion of the Delta lowlands (Table Al-7) in 
October has the following monthly average terms: 
rainfall of0.8 inch, 4.0 inches of soil moisture (no change 
from end of September soil moisture), 1.4 inches ofET, 
1.0 inch of seepage, and 1.2 inches of applied water 
(twice the water required to supply the 0.6 inch of net ET 
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[ 1.4 ET - 0.8 rainfall], with drainage of 1.6 inches ( 1.0 
seepage + 0.6 excess applied water). Soil moisture 
provides a possible storage term, but it is simulated to 
vary between a specified minimum and maximum value. 
The actual monthly water budget may be different each 
year because rainfall, soil moisture changes, and irriga­
tion and seepage are estimated. 

As shown in Table A 1-7, Delta rainfall averages 
about 16 inches per year, which supplies about 121 
TAF!yr in the water-riparian-urban portion of the Delta, 
194 T AF lyr in the irrigated uplands area, and about 465 
T AF /yr in the irrigated lowlands area of the Delta 
(23 T AF!yr falls on the OW project islands). The total 
Delta rainfall volume is therefore approximately 780 
TAF!yr. In comparison, DWRSIM uses an average of 
830 T AF lyr as the runoff gains to the Delta. 

Table Al-7 indicates that water evaporation con­
sumes about 291 T AF lyr from the water-riparian-urban 
portion of the Delta. Additionally, the assumed crop ET 
requires about 427 TAF!yr on the irrigated uplands and 
about 890 TAF!yr on the irrigated lowlands (44 TAF!yr 
from the OW project islands). The Delta consumptive 
use total is therefore approximately 1 ,608 T AF !yr. In 
comparison, DWRSIM uses an average of 1 ,682 T AF !yr. 

Table Al-7 indicates that net channel depletion, 
which is the difference between consumptive use and 
rainfall, is about 170 T AF lyr for the water-riparian-urban 
portion ofthe Delta, about 234 TAF!yr for the irrigated 
uplands, and about 425 T AF lyr for the irrigated lowlands 
(21 TAF!yr for the OW project islands). Total Delta 
channel depletion, estimated from this approximate 
monthly water budget, is therefore approximately 830 
T AF /yr, somewhat less than the average Delta channel 
depletion of 852 TAF!yr assumed in DWRSIM. No 
reliable method exists for determining actual Delta runoff 
from rainfall or actual consumptive use. 

DW Project Island Water Budget 

The OW project islands are located in the Delta 
lowlands, so the water budget for agricultural use of the 
OW islands would be the same as the assumed Delta 
lowland water budget. Table Al-8 shows the agricultural 
water budget terms for the OW project islands, which 
include approximately 17,000 acres of irrigated cropland 
under the No-Project Alternative. The irrigated portions 
of the OW project islands represent about 5% of the irri­
gated Delta lowlands, so the water volume terms are 
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expected to be about 5% of the Delta lowland water 
volume terms. 

Table Al-8 indicates that rainfall on the irrigated 
portion of the OW islands would average about 23 
TAF/yr. Crop ET under the No-Project Alternative 
would consume about 44 TAF!yr, so channel depletion 
for the OW islands would average 21 T AF/yr. Table Al-
8 indicates that seepage onto the OW islands would 
amount to approximately 17 T AF lyr, applied salt leach­
ing water would average about 9 TAF/yr, and applied 
irrigation water would amount to about 51 T AF !yr. The 
resulting drainage :from the seepage, applied salt leaching 
water, and excess irrigation water (50% leaching 
fraction) would total about 56 T AF/yr. 

The best available data for confirming the agri­
cultural drainage estimates for the OW project islands are 
drainage pump power records. Electricity usage is con­
verted to flow volumes using pump efficiency test results 
obtained from Pacific Gas and Electric Company 
(PG&E), expressed as acre-feet per kilowatt-hour 
(af/kWh). OW obtained monthly PG&E power con­
sumption records and estimated pumping volumes for the· 
four OW project islands for 1986-1992. Table Al-9 
presents these monthly and annual pumping values for the 
OW project islands, in inches per month of drainage from 
the entire island area. 

The estimated monthly drainage volumes for the OW 
islands were quite variable between islands as well as 
between months. Monthly pumping estimates have 
varied from less than 1 inch to more than 10 inches. An­
nual estimates for individual islands have varied from 11 
inches to more than 75 inches. Drainage volumes have 
generally followed a double-peak pattern, with high 
pumping in winter because of excess rainfall and salt 
leaching practices and high summer pumping because of 
excess irrigation. A more detailed discussion of these 
drainage patterns in presented in Appendix C4. 

Estimated pumping on Bacon Island during the 
irrigation season was usually quite high, averaging great­
er than 6 inches per month for 5 months each year. High 
summer pumping is apparently caused by the water 
management required for the row crops grown on Bacon 
Island. Pumping for Bouldin Island in 1990 and for 
Webb and Holland Tracts in 1990 and 1991 was lower 
than normal because of reduced agricultural use during 
levee rehabilitation and participation in the DWR emer­
gency water bank program (Appendix C4). 

These available pumping records are quite variable 
and only provide a rough estimate of the magnitude of the 
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estimated drainage term in the DW project islands agri­
cultural water budget. The variation between years and 
between islands suggests that the assumed water budgets 
are simplified representations of actual conditions. This 
estimated water budget for the DW project islands pro­
vides an adequate basis for water supply and environ­
mental impact assessment pmposes because the impact 
assessments are based on the incremental differences be­
tween conditions wtder the No-Project Alternative and 
those wtder the DW alternatives. 
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Table A 1- 1. Comparison of Average Annual DWRSIM Inputs and Results with 
Unimpaired Flow Estimates and Historical Flow Measurements 

--·------···-----------------· 

1922-1991 Period (TAF/yr) 1967-1991 Period (TAF/yr) 

DWRSIM- Unimpaired DWRSIM- Unimpaired 

DWRSIM 

Input a 

Simulated Flow Historical DA YFLOW DWRSIM Simulated Flow Historical DA YFLO\\ 

Location Output b Estimate c Measurement d Estimate • Input a Output b Estimate c Measurement d Estimate e 

Upstream Flows 

Trinity River at Lewiston (Clair Engle Reservoir inflows) 

Trinity River diversions (J.F. Carr Tunnel) 

Shasta Reservoir inflows 

Sacramento River at Bend Bridge 

Feather River at Gridley (Oroville Reservoir inflows) 

Yuba River at Smartville and Bear River at Wheatland 

American River at Fair Oaks (Folsom Reservoir inflows) 

Sacramento Valley Four- River Index 

Delta Flows 

Sacramento River at Freeport 

Yolo Bypass 

San Joaquin River at Vernalis 

Eastside streams 

Delta channel depletion 

Delta exports 

Delta outflow 

Notes: NA =no data available or not applicable 

a Flow values used as input to DWRSIM Study 1995-C6B-SWRCB-409. 
b Simulated output from DWRSIM Study 1995-C6B-SWRCB-409. 

1,218 

5,555 

3,889 

2,899 

2,700 

2,401 

835 

881 

c Unimpaired Oow values from DWR's Califcrnia Data Exchange Center database. 
d Historical measured Oows from U.S. Geological Survey HYDRODATA database. 

• DAYFLOW estimates for 1930-1991 ~ DWR(extended to 1992 by JSA). 
f Data period is 1963-1991. 
g Data period is 1965-1991. 

h Data period is 1942-1991. 

882 

8,565 

15,998 

2,118 

5,712 

14,562 

i Sacramento R. at Bend Bridge+ Feather R. + Yuba R. at Smartville+ American R. at Fair Oaks. 

1,245 

5,560 

8,067 

4,306 

2,573 

2,586 

17,223 i 

6,017 

1,067 

·--------------------··------- .. 

793 1,334 1,339 314 

1.061f 1,024 1.027 

5,989 5,985 

8,103 9,478 8,721 9,450 

3.50[!1 4,174 4,623 3,468 

2,040 h 3,419 2,680 2,018 

2,598 2,847 2,736 2,769 

18447 

16,923 17,454 17.280 

2,752 2,899 3,218 

3,293 3,077 6,669 3,521 

1,077 1,088 1,157 1.163 

923 842 739 

1,688 5,547 4,031 

20,616 17,993 20.368 



Water 
Year 

1922/ 
19231 
19241 

I 19251 
i 1926 

1927 
' 1928 
' I 1929 
I 1930 
I 1931 

1932 
1933 
1934 

i 1935 
I 1936 
I 1937 
' 1938 
I 1939 
I 1940 I 
I 1941 ! 1942 ! 

1943 
1944 
1945 
1946 

' 
1947 
1948 
1949 
19501 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
19881 

i 
19891 
199~1 
1991 

I Average I 
I '22- '91 ! 
1 '67- '91 I 

Table Al-2. Annual Historical and DWRSIM Inputs for Trinity River and 
Sacramento River Tributary Flows for Water Years 1922-1991 

A. Historical Flows B. DWRSIM Inputs 

Red Yuba 
Tnndy Silas !a CarrPP Bluff Feather +Bear Amer.R Four- Clair Red 
Ummp Unirnp. Host. Unimp. Unimp. Unirnp. Unlmp. River Engle Shasla CarrPP Bluff 

Flaw Inflow Flow Flow Inflow Flaw Inflow Index Inflow Inflow Diversion Flow 
(TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

782 4,636 0 6,702 5,067 3,454 3,290 18,041 759 4,563 765 5,710 
686 3,649 0 5,288 3,091 2,463 2,745 13,190 666 3,636 664 6,531 
268 2,476 0 3,295 1,301 674 546 5,747 268 2,448 756 5,131 

1,518 5,153 0 8,258 3,124 2,456 2,756 16,296 1,459 5,122 753 6,939 
820 3,781 0 5,780 3,139 1,906 1,405 11,961 795 3,764 664 6,220 

1,837 7,061 0 11,123 5,749 4,161 3,704 24,167 1,764 6,990 671 10,264 
1,056 5,115 0 7,631 4,154 2,737 2,504 16,709 1,025 5,124 674 8,722 

528 3,217 0 4,425 1,846 1,136 1,148 8,430 
818 4,196 0 6,109 3,949 2,034 1,652 13,529 

516 3,184 681 5,213 
794 4,152 725 6,100 

403 2,540 0 3,300 1,4441 715 717 6,104 
716 3,674 0 5,049 3,307 2,355 2,593 13,057 
802 3,460 0 4,577 1,994 1,197 1,2681 8,915 
686 3,333 0 4,522 2,025 1,115 1,129 8,667 
970 4,935 0 7,515 4,275 2,603 2,587 16,622 

1,026 4,688 0 7,102 4,306 3,028 3,415 17,421 
996 4,121 0 5,996 3,167 2,195 2,3411 13,369 

2,105 9,605 0 14,781 8,600 4,617 4,523 31,942 

395 2,537 403 4,451 
696 3,616 350 5,454 
779 3,441 442 4,454 
668 3,330 349 4,906 
938 4,857 575 6,441 

1,001 4,658 517 6,189 
966 4,113 602 6,050 

2,017 9,568 664 14,599 
572 3,459 0 4,365 1,855 1,026 1,046 8,172 

1,616 7,054 0 10,530 5,687 3,261 3,407 22,487 
2,549 8,744 0 14,380 6,518 3,638 3,157 27,208 
1,809 7,688 0 11,386 6,694 3,934 3,937 25,442 

557 3,464 684 6,239 
1,570 7,084 804 10,185 
2,438 8,729 1,163 14,381 
1,739 7,672 1,559 12,524 

1,112 5,884 0 8,509 5,618 3,593 3,869 21,127 
653 3,680 0 4,700 2,862 1,578 1,457 10,410 

1,056 4,902 0 6,773 3,778 2,436 2,551 15,242 
1,409 5,882 0 8,128 4,166 2,705 2,853 17,538 

1,075 5,883 865 9,013 
636 3,684 728 5,955 

1,022 4,881 673 6,326 
1,358 5,870 761 8,532 

735 3,918 0 5,092 2,547 1,542 1,423 10,433 
1,200 5,393 0 7,619 3,840 2,225 2,233 15,696 
1,094 4,312 0 6,018 2,591 1,697 1,852 11,943 

855 4,1'51 0 5,757 3,866 2,508 2,677 14,533 
1,617 6,343 0 9,128 5,712 4,143 4,634 23,020 

716 3,914 679 5,779 
1,158 5,391 665 6,905 
1,057 4,317 714 6,743 

831 4,144 664 5,887 
1,556 6,341 761 9,297 

1,816 7,781 0 11,528 7,955 4,713 4,965 28,562 
1,612 6,514 0 9,617 5,195 2,803 2,649 20,008 
1,596 6,585 0 9,355 4,248 2,194 2,002 17,531 

734 4,111 0 5,657 2,465 ~.454 1,560 10,963 
2,014 8,792 0 13,235 7,918 4,475 4,602 29,681 
1,090 5,398 0 7,205 3,651 2,201 2,144 14,970 
2,731 9,848 0 15,403 7,049 4,063 4,117 30,134 

1,752 7,818 1,140 11,839 
1,549 6,518 1,198 10,369 
1,544 6,602 1,375 10,739 

721 4,109 806 6,465 
1,939 8,824 1,037 12,958 
1,052 5,400 821 7,810 
2,610 9,845 1,752 16,430 

1,045 5,115 0 6,789 2,868 1,373 1,236 12,139 
1,027 4,737 0 6,476 3,233 1,885 1,686 13,097 

1,011 5,126 1,022 8,217 
1,001 4,764 796 6,744 

1,231 5,104 0 7,220 2,653 1,240 1,050 12,055 
1,053 5,332 0 7,568 3,702 2,202 2,098 15,322 
1,612 7,039 700 9,959 6,315 3,744 3,588 23,162 

1,227 5,101 756 7,417 
982 5,326 715 7,459 

1,594 7,039 947 10,089 
795 3,895 1,230 5,204 2,582 1,657 1,629 10,895 

1,686 6,964 1,101 10,327 6,878 4,373 4,457 25,519 
739 3,906 926 6,885 

1,657 6,956 876 9,559 
1,345 5,311 1,255 7,304 2,855 1,601 1,393 12,977 
1,653 7,409 1,278 10,517 6,276 3,757 3,957 24,044 
1,019 4,784 1,414 6,933 3,471 1,758 1,709 13,697 

1,317 5,331 1,019 8,451 
1,637 7,390 1,162 10,598 
1,059 4,827 1,069 8,224 

1,750 7,708 1,032 11,880 7,069 4,231 4,449 27,066 1,758 7,707 977 11,961 
1,584 7,873 1,366 11,671 6,239 3,264 3,150 23,955 
1,666 7,311 1,212 10,750 5,944 3,239 2,968 22,514 

1,563 7,876 1,414 13,187 
1,683 7,300 1,242 11,049 

1,153 5,062 1,174 6,586 3,223 1,874 1,867 13,387 1,175 5,082 972 7,493 
1,393 6,200 1,217 9,699 4,750 3,120 3,013 20,125 1,405 6,195 1,071 10,212 
2,637 10,765 1,799 15,828 8,332 4,545 4,257 32,383 2,660 10,751 1,999 17,187 
1,404 6,426 1,032 9,433 4,862 2,664 2,622 19,298 1,406 6,412 1,057 9,966 

669 3,602 1,035 4,747 1,844 727 797 8,053 695 3,600 949 6,479 
201 2,634 1,306 3,410 995 390 349 5,124 227 2,624 969 5,529 

2,052 7,843 217 12,036 5,682 3,397 3,220 23,920 2,032 7,835 671 9,632 
851 4,031 775 5,650 3,024 1,957 2,041 12,442 854 4,034 664 6,495 

1,477 6,425 879 9,756 5,537 3,636 3,867 22,344 1,484 6,482 701 9,706 
871 4,118 708 6,408 2,488 1,206 1,131 11 '132 862 4,109 738 7,324 

2,027 9,059 1,095 13,341 9,051 5,702 6,164 33,513 1,996 9,060 1,134 13,508 
2,989 10,835 1,694 17,258 9,440 5,428 6,387 37,801 2,887 10,837 1,792 18,879 
1,550 6,633 1,206 9,464 5,738 3,522 3,884 22,234 1,516 6,654 1,432 10,746 

841 3,971 673 5,518 2,650 1,475 1,581 11,074 841 3,977 992 7,270 
1,616 7,694 904 11,168 6,904 4,108 4,707 26,341 1,602 7,696 808 11,158 

883 3,952 606 5,290 2,182 938 884 9,237 870 3,951 845 6,920 
939 3,909 964 5,375 1,996 989 850 9,135 936 3,925 765 6,677 

1,060 4,7271 786 6,594 3,682 2,483 2,240 14,735 
716 3,605 628 4,723 2,142 1,322 1,120 9,219 
486 3,051 664 3,991 2,058 1,276 1,184 8,403 

1,045 4,740 771 5,936 
687 3,607 693 5,754 
463 3,046 719 5,070 

I I 
1,245 5,560 1,0611 8,0671 4,306 2,573 2,58~1 17,223 
1,339 5,985 1,027 8,721 4,623 2,680 2,736 18,447 i 1,218 5,555 882 8,565 

1,334 5,989 1,024 9,478 

Yuba+ 
Oroville Bear Folsom 

Inflow Flaw Inflow 
{TAF) (TAF) (TAF) 

4,666 3,723 3,353 
2,838 1,910 2,885 
1,412 1,113 902 
2,707 1,932 2,560 
2,756 1,697 1,728 
4,934 4,702 3,620 
3,798 2,841 2,686 
1,781 1,169 1,452 
3,324 2,040 1,576 
1,534 979 1,044 
2,790 1,667 2,391 
1,842 1,124 1,520 
1,920 1,121 1,371 
3,536 2,671 2,394 
3,731 3,600 3,516 
2,703 2,906 2,484 
7,686 6,042 4,622 
2,072 904 1,453 
5,019 4,698 3,289 
5,859 4,168 3,275 
6,255 4,459 4,038 
5,262 3,466 4,028 
2,545 1,634 1,745 
3,360 2,102 2,528 
3,758 2,439 2,952 
2,362 1,382 1,714 
3,262 2,059 2,147 
2,300 1,484 1,981 
3,434 2,190 2,769 
5,192 4,829 4,780 
7,236 5,581 5,047 
4,807 2,264 2,827 
3,997 2,187 2,172 
2,292 1,355 1,659 
6,987 4,330 4,638 
3,527 1,962 "2,313 
6,234 4,719 4,175 
2,809 1,645 1,584 
2,887 1,246 1,613 
2,302 1,172 1,370 
3,187 1,877 1,917 
5,789 4,545 3,677 
2,338 1,634 1,751 
6,123 4,018 4,531 
2,705 1,870 1,708 
5,634 4,261 3,801 
3,331 1,683 1,861 
6,376 5,338 4,462 
5,559 5,336 3,419 
5,182 3,699 3,057 
2,834 1,883 2,001 
4,013 4,670 3,110 
7,729 6,039 4,415 
4,503 3,271 2,739 
1,825 1,243 1,145 

750 833 449 
4,780 3,035 2,953 
2,935 2,284 2,193 
4,840 5,293 3,971 
2,365 1,463 1,402 
8,284 8,534 6,164 
8,880 6,920 6,540 
5,320 5,530 4,147 
2,585 1,494 1,790 
6,199 5,260 4,669 
1,733 1,294 1,097 
1,885 982 953 
3,164 2,319 2,149 
1,831 1,386 1,335 
1,811 1,429 1,363 

3,889 2,899 2,700 
4,174 3,419 2,847 



Table A1-3. Historical and DWRSIM -Simulated Carryover Storage for Water Years 1922-1991 

A Historical Carryover B. DWRSIM -Simulated Carryover 

I 

Clair 

I 
New 

Engle Shasta Oroville Folsom San luis Melones 
Watl!! Storage Storage Storage Storage Storage Storage 

Clair New 
Engle Shasta Oroville Folsom San luis Melones 

Storage Storage Storage Storage Storage Storage 
Year (TAF} (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF} (TAF) (TAF) (TAF) 

1922 1,694 3,700 3,303 841 621 1,305 
1923 

I 1924 
1925 

1,343 2,780 2,279 461 431 , ,091 
491 1.2n 868 99 129 721 
864 2,781 1,072 465 365 584 

1926 642 2,503 908 156 371 396 
1927 1,421 3,563 3,003 759 556 890 
1928 1,429 2,706 1,851 291 469 1,055 
1929 909 2,235 1,073 115 151 831 
1930 634 2,516 1,534 370 452 721 
1931 280 , ,560 1,064 100 229 473 
1932 295 , ,141 1,574 738 437 765 
1933 301 1,365 , ,281 291 211 580 
1934 282 , ,169 984 100 212 300 
1935 313 2.225 1,524 314 564 635 
1936 462 3,047 2,576 653 555 586 
1937 498 3,257 2,699 643 573 521 
1938 1,560 3,700 3,350 925 1,203 1,837 
1939 1,078 2,203 1,715 99 327 1,496 
1940 , ,511 2,976 1,956 545 454 1.458 
1941 2,194 3,700 3,348 882 960 1,761 
1942 2,068 3,700 3,344 906 920 1,823 
1943 1,929 3,568 2,896 744 571 1,749 
1944 1,479 2,616 2,238 388 364 1,366 
1945 1,478 3,222 2,487 643 384 , ,321 
1946 1,753 3,079 2,196 569 496 1,030 
1947 1,434 2,640 1,304 291 394 641 
1948 

i 1949 
1,597 3,619 1,449 708 283 651 
1,601 3,131 1,041 542 404 548 

1950 , ,419 3,140 1,286 683 299 419 
1951 1,888 3,253 2,250 614 395 683 
1952 2,091 3,700 3,350 961 1,595 1,742 
1953 2,115 3,700 3,291 824 723 1,548 
1954 3,057 1,956 3,242 1,976 413 534 1,222 
1955 2,455 1,518 2,814 1,056 329 476 842 
1956 3,569 533 2,062 3,700 3,113 919 957 1,397 
1957 3,485 535 1,941 3,486 2,181 580 458 1,137 
1958 3,473 550 2,117 3,700 3,350 935 1,353 1,741 
1959 2,504 312 1,761 2,857 2,035 285 419 1,320 
1960 2,756 518 1,615 2,923 1,459 273 412 1,008 
1961 2,333 389 1,739 2,997 954 269 414 696 
1962 1,793 2,908 454 1,668 3,314 1,201 547 414 440 
1963 2,196 3,242 466 2,001 3,700 2,873 750 651 886 
1964 1,559 2,202 536 1,473 2,540 1,835 171 467 719 
1965 1,997 3,612 671 1,965 3,700 2,518 n6 603 800 
1966 1,880 3,263 653 1,943 3,108 1,962 349 453 654 
1967 1,969 3,506 799 2,093 3,700 3,350 940 1,643 1,601 
1968 1,388 2,670 1,678 551 1,759 3,112 2,069 319 401 1,267 
1969 1,905 3,528 2,780 814 1,981 2,050 3,700 3,162 915 1,519 2,273 
1970 1,871 3,440 2,542 549 1,720 1,909 3,165 2,333 474 420 1,532 
1971 2,106 3,275 2,730 686 1,736 2,057 3,700 2,904 850 667 1,364 
1972 1,913 3,267 2,612 659 1,482 1,935 3,337 1,870 456 438 1,053 
1973 , ,904 3,317 2,729 742 1,691 1,958 3,470 2,418 580 603 952 
1974 1,996 3,658 2,397 n3 1,852 2,088 3,700 3,338 934 , ,096 1,136 
1975 2,041 3,570 2,858 n3 1,032 2,078 3,700 3,135 an 918 1,079 
1976 1,503 , .295 1- 1,828 416 678 3 1,483 2,612 2,225 171 542 785 
19n 242 631 915 147 274 3 393 1,072 n1 59 654 459 
1978 1,870 3,428 2,744 700 1,719 44 1,476 3,700 3,327 786 ns 917 
1979 1,661 3,141 2,672 710 , ,213 116 1,335 3,240 2,591 521 578 806 
1980 1,879 3,321 2,611 670 1,483 2n 1,795 3,700 3,118 834 871 1,755 
1981 1,702 2,480 2,354 600 263 124 1,546 2.938 1,972 257 361 1,436 
1982 2,115 3,486 2,ns 756 23 1,358 2,056 3,700 3,351 966 1,469 2,273 
1983 2,164 3,617 2,818 752 1,940 2,024 2,263 3,700 3,351 975 1,821 2,273 
1984 1,889 3,240 2,529 681 812 1,841 2,015 3,700 2,824 668 686 1,758 
1985 1,762 1,978 2,132 587 763 1,508 1,488 2,648 1.n1 260 404 1,618 
1986 , ,901 3,211 2,661 ' 653 1,481 1,948 1,900 3,256 2,731 722 695 2.118 
1987 1,813 2,108 1,979 430 688 1,443 1,558 2,234 1,429 99 366 1,695 
1988 1,479 1,586 1,529 218 488 989 1,358 , .460 904 100 124 1,309 
1989 1,376 2,096 2,150 571 365 672 1,274 2,567 , ,180 320 378 1,144 

i 
1990 1,162 1,637 , ,163 178 488 378 
1991 670 1,340 1,399 506 654 296 

902 1,971 965 100 153 814 
300 1,413 1,143 175 184 591 

I Average 

! '22- '91 1,724 2.834 2,274 571 1,079 814 
'67- '91 1,691 2.753 2,274 597 1,079 814 

1,484 2.962 2,141 524 592 1,120 
, ,643 3,020 2,329 534 710 1,360 



Table A1-4. Annual Historical and DWRSIM -Simulated D~lta Inflows for Water Years 1922-1991 

A. Historical Flows B. DWRSIM -Simulated Flows 

' I I Yolo 
Freeport Bypass I Vernalis Eastside Yolo Total 

! Historical Historical Historical Historical Delta Sacto. R Bypass SJR Eastside River 
: Water Flow Flow Flow Flow Rainfall Inflow Inflow Inflow Inflow Inflows 

I Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

I 1922 18.998 1 1,302 6,732 1,840 I 548 
' 1923 13,989 0 4,043 1,440 562 

15,237 2021 3,037 1,038 19,514 
14,489 194 2,491 816 17,990 

I 
1924 4,373 0 486 106 146 
1925 15,363 2,485 3,749 1,474 626 

I 1926 11,747 721 1,939 461 446 

8,586 69 1,259 201 10,116 
12,064 809 1,462 630 14,965 
11,614 344 1,511 390 13,858 

1927 23,001 5,200 5,076 1,641 599 19,015 3,222 1,892 724 24,853 
1928 16,199 2,092 2,709 1,034 432 18,455 991 1,706 577 21,730 
1929 7,472 0 937 266 288 8,696 100 1,304 299 10,398 
1930 13,190 906 1,266 466 607 10,768 164 1,140 329 12,400 
1931 5,148 36 678 159 523 6,775 68 1,255 205 8,303 
1932 12,218 432 3,669 930 731 8,618 157 1,655 586 11 ,016 
1933 7,722 64 1,383 418 531 7,535 83 1,388 264 9,270 
1934 8,041 228 928 432 558 8,173 146 1,201 304 9,824 
1935 16,043 2,072 4,034 1,043 765 12,496 1,209 2,051 637 16,394 
1936 15,512 3,357 4,986 1,602 984 13,335 1,413 2,141 1,059 17,949 
1937 13,670 1,228 5,510 1,231 958 12,426 246 2,804 940 16,416 
1938 25,878 14,152 10,879 2,188 1,002 28,179 8,591 5,428 1,662 43,860 
1939 7,080 170 1,714 422 581 10,712 70 1,695 286 12,763 
1940 18,267 6,974 4,765 1,340 948 17,638 4,572 1,896 756 24,862 
1941 23,698 11,510 7,310 1,292 1,026 23,780 9,163 3,677 809 37,429 
1942 22,795 6,733 6,188 1,565 1,121 25,353 5,099 2,986 1,154 34,592 
1943 19,660 3,145 6,079 1,826 1,044 20,972 1,639 3,151 1,550 27,313 
1944 9,069 124 1,798 515 751 11,388 191 1,642 394 13,615 
1945 13,155 735 4,446 1,185 837 12,566 335 2,244 745 15,891 
1946 15,903 2,101 3,627 1,091 748 16,177 1,462 2,071 795 20,506 
1947 9,491 72 1,334 369 510 10,949 109 1,557 291 12,905 
1948 14,552 301 1,550 703 660 
1949 11,793 260 1,242 613 636 

13,098 41 1,418 364 14,921 
11,993 1931 1,423 455 14,065 ' 

1950 13,948 357 1,796 993 606 12,811 111 1,532 508 14,962 
1951 21,766 3,445 4,735 2,321 927 21,672 1,900 2,583 1,790 27,945 
1952 28,056 3,945 7,136 2,477 1,096 28,323 2,379 3,023 1,770 35,496 
1953 18,12' 2,752 1,893 859 660 18,839 2,492 1,965 533 23,828 
1954 17,110 1,213 1,713 717 589 19,873 746 1,572 368 22,559 
1955 10,591 76 978 557 788 11,447 172 1,365 435 13,419 
1956 22,328 9,860 6,287 2,359 1,159 21,768 8,268 3,270 1,485 34,792 
1957 13,150 778 1,440 684 759 15,092 399 1,785 412 17,688 
1958 26,058 10,012 6,059 2,396 1,573 26,266 8,873 3,396 1,657 40,193 
1959 12,059 635 1,249 366 794 14,716 383 1,732 339 17,170 
1960 10,771 618 550 255 559 11,339 317 1,217 304 13,177 
1961 11,488 169 438 103 713 11,459 206 1,139 216 13,021 
1962 13,089 1,123 1,505 683 820 12,372 711 1,484 460 15,027 
1963 20,422 4,170 2,839 1,334 1,247 20,611 2,943 1,934 741 26,229 
1964 11,591 67 1,119 307 643 12,397 148 1,358 315 14,218 
1965 19,965 6,193 3,803 1,644 926 19,519 4,554 2,323 1,222 27,618 
1966 13,392 377 1,698 639 686 13,901 319 1,962 399 16,582 
1967 24,233 3,661 5,559 1,723 1,294 22,181 2,615 3,304 1,298 29,398 
1968 13,377 668 1,423 520 653 15,971 709 1,660 432 18,772 
1969 23,362 6,281 10,168 2,391 1,260 23,660 5,750 5,442 1,935 36,787 
1970 20,289 8,500 3,076 1,415 895 21,543 8,061 3,283 1,196 34,082 
1971 22,811 1,306 1,779 902 941 20,939 1,152 1,732 707 24,531 
1972 12,470 30 1,112 365 437 13,210 192 1,515 357 15,275 
1973 20,758 3,887 2,392 1,429 1,244 19,810 3,467 2,175 1,161 26,612 
1974 30,663 7,566 2,773 1,551 995 29,264 7,121 2,238 1,255 39,878 
1975 19,941 951_ 2,826 1,125 828 20,440 920 2,310 894 24,564 
1976 10,963 15 1,523 206 460 10,456 86 1,160 220 11,923 
1977 5,497 1 416 30 445 6,824 105 1,016 149 8,095 
1978 17,691 2,8441 4,490 1,146 1,368 
1979 13,034 154 2,625 1,020 941 
1980 19,248 6,502 5,986 1,830 1,045 

16,859 2,457 2,267 840 22,423 
13,993 130 2,300 688 17,112 
18,292 5,602 4,818 1,325 30,037 

1981 11,499 126 1,763 286 725 13,093 110 1,912 343 15,457 
1982 30,101 7,229 5,477 3,038 1,655 29,591 6,745 5,387 3,093 44,815 
1983 34,049 14,962 15,438 4,557 1,713 35,577 13,561 15,726 4,914 69,778 
1984 22,384 4,689 6,260 1,807 863 23,213 4,153 6,450 2,167 35,984 
1985 12,192 172 2,101 470 743 13,038 192 1,859 459 15,548 
1986 18,112 10,608 5,235 ' 2,124 1,454 18,958 8,880 4,814 2,385 35,036 
1987 1o.o31 I 35 1,808 384 683 
1988 1 9,653 115 I 1,164 I 143 i 718 

i 
1989 ' 12.244 I 

~~ 
1,057 221 795 

1990 9,860 914 169 619 
1991 7,540 75 655 221 847 

10,952 78 1,645 337 13,012 I 
9,416 137\ 1,014 242 10,810 

11,782 80 1,006 323 13,190 
8,675 100 940 215 9,930 
8,612 76 958 269 9,915 

! Average I 
' '22 - '91 16,923 2,7521 3,293 1,077 819 
I '67- '91 17,280 3,218 3,521 1,163 945 I 

15,998 2,118 2,401 835 21,351 
17,454 2,899 3,077 1,088 24,518 



Table A1-5. Annual Historical and DWRSIM -Simulated Delta Outflows 
and Exports for Water Years 1922-1991. 

A Historical Flows B. DWRSIM -Simulated Flows 

Net CVP+ Net CVP+ 
Channel CCWD CVP SWP SWP Delta Channel CCWD CVP SWP SWP 

Water Depletion Exports Exports Exports Exports Outflow Depletion Exports Exports Exports Exports 
Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 1 8n 28,798 
1923 863 19,471 

835 144 3,049 3,136 6,185 
823 144 2,893 3,298 6,191 

1924 1,279 4,965 1,223 151 2,363 2,179 4,542 
1925 799 23,071 762 153 2,923 2,812 5,735 
1926 979 14,868 

19271 826 
I 

34,918 
1928 993 22,033 
19291 1,137 8,675 
1930 804 15,017 

937 144 2,827 2,907 5,734 
786 144 3,025 3,217 6,242 
953 144 2,987 3,341 6,327 

1,094 151 2,234 2,330 4,564 
981 153 2,373 2,636 5,009 

1931 881 5,132 1,113 151 1,900 1,427 3,327 
1932 669 16,sn 838 160 2,274 1,874 4,148 
1933 868 8,706 1,103 160 1.8n 1,801 3,678 
1934 842 8,786 1,065 160 1,907 1,829 3,737 
1935 633 22,551 817 153 2,861 3,064 5,925 
1936 416 25,057 745 144 2,962 3,191 6,154 
1937 443 21,206 699 144 2,997 2,881 5,879 
1938 399 52,716 520 144 3,020 3,207 6,227 
1939 831 8,551 1,148 144 2,532 2,556 5,089 
1940 481 30,867 593 144 3,045 3,375 6,420 
1941 417 43,400 453 144 2,981 3,294 6,275 
1942 335 36,944 700 144 3,038 2,912 5,949 
1943 428 30,287 830 144 3,034 2,524 5,558 
1944 737 10.n2 993 144 2,807 3,122 5,928 
1945 686 18,843 920 144 2,960 3,174 6,134 
1946 805 21,908 1,023 144 2,936 3,355 6,290 
1947 1071 10,189 1,116 144 2,795 3,238 6,033 
1948 951 16,145 1,038 144 2,909 3,391 6,301 
1949 991 12,597 1,065 144 2,839 2,853 5,692 
1950 1036 21 15,236 1,063 144 2,928 3,223 6,151 
1951 718 30 161 162 30,552 no 144 2,981 3,785 6,766 
1952 550 30 164 165 40,375 611 144 3,090 3,836 6,927 
1953 963 34 n8 787 22,362 976 144 2,n9 2,525 5,304 
1954 1049 42 1,004 1,020 19,140 1,104 144 2,993 3,380 6,373 
1955 848 47 1,113 1,128 10,040 974 144 2,694 3,322 6,016 
1956 527 44 721 721 39,743 638 144 3,008 3,816 6,824 
1957 925 54 1,180 1,180 13,920 1,034 144 2,836 3,450 6,286 
1958 111 48 657 657 43,765 383 144 3,156 3,891 7,047 
1959 890 68 1,336 1,336 12,039 1,065 144 2,589 2,588 5,176 

1960 I 1127 76 1,384 1,384 9,707 
1961 971 78 1,483 1,483 9,687 

1,085 144 2,761 3,095 5,856 
1,053 144 2,698 3,078 s.n6 

1962 864 72 1,350 1,350 14.139 923 144 2,800 2,996 5,797 
1963 437 62 1,338 1,338 26,969 698 144 3,113 3,539 6,652 
1964 1044 82 1,644 1,644 10,384 1,124 144 2,649 3,265 5,914 
1965 759 72 1,467 1,467 29,347 883 144 2,984 3,667 6,651 
1966 999 84 1,593 1,593 13,449 1,042 144 2,830 3,572 6,402 
1967 390 72 1,252 1,252 33,515 562 144 3,056 3,809 6,865 
1968 1033 96 1,995 473 2,468 12,507 1,038 144 2,498 2,284 4,783 
1969 424 78 1,844 1,031 2,875 38,883 616 144 3,079 3,350 6,430 
1970 789 94 1,652 416 2,067 30,290 842 144 2,569 2,462 5,031 
1971 743 75 1,917 913 2,830 23,191 906 144 3,093 3,720 6,813 
1972 1249 104 2,348 1,093 3,441 9,261 1,178 144 2,815 3,528 6,343 
1973 440 93 1,846 1,518 3,364 24,609 454 144 2,971 3,637 6,608 
1974 689 79 2,445 1,915 4,360 37,482 793 144 3,174 3,654 6,829 
1975 856 79 2,353 1,552 3,904 20,043 922 144 2,986 3,508 6,494 
1976 1226 111 3,013 1,827 4,839 6,583 1,218 151 2,367 2,631 4,999 
19n 1239 99 1,281 797 2,078 2,539 1,193 160 1,658 1,394 3,053 
1978 316 n 2.270 2,080 4,350 21,467 517 153 2,569 1,938 4,507 
1979 743 91 2,287 2,182 4,470 11,555 860 144 2,915 2,890 5,804 
1980 641 87 2,007 2,516 4,523 28,501 667 144 2,847 2,827 5,673 
1981 960 107 2,591 2,130 4,722 7,908 1,085 144 2,795 2,793 5,588 
1982 30 75 1,976 2,644 4,621 41,230 403 144 3,150 4,116 7,266 
1983 -29 79 2,505 1,894 4,399 64,643 51 144 2,783 2,631 5,414 
1984 824 98 2,194 1,647 3,841 30,592 950 144 2,406 2,170 4,576 
1985 941 113 2,791 2,680 5,471 8,453 940 144 2,768 3,166 5,934 
1986 230 110 2,619 I 2,667 5,286 30,493 
1987 I 1001 i 131 2,760 1 2,283 5,043 6,105 i 

\ 

1988 i 9681 135 2,897 I 2,714 5,611 4,409 
1989 889 134 2,870 3,097 5,967 6,599 
1990 1060 136 2,703 3,109 5,811 3,967 
1991 834 106 1,409 1.n1 3,180 4,371 

492 144 2,846 3,422 6,268 
1,119 144 2,739 3,069 5,808 

! 
1,034 144 1 2,296 2,150 4,446 
1,081 144 2,601 2.6n 5,278 
1,065 151 2,321 1,744 4,065 
1,065 160 2,493 1,315 3,808 

I 
I Average 

'22 - '91 768 81 1,785 1,873 2.883 20,616 881 146 2,758 2,955 5,712 
I '67- '91 739 98 2,233 1,873 4,031 20,368 842 146 2,712 2,835 5,547 

WOCP 
Delta Required 

Outflow Outflow 
(TAF) (TAF) 

12,296 6,103 
1o.n8 5,833 I 

4,155 4,063 
8,267 5,195 
6,997 5,006 

17,631 6,980 
14,252 6,665 

4,548 4,418 
6,220 5,052 
3,6n 3,657 
5,825 5,190 
4,288 4,050 
4,829 4,532 
9,453 6,455 

10,852 6,248 
9,641 5,287 

36,915 8,125 
6,328 4,357 

17,651 7,246 
30,503 7,010 
27,744 6,671 
20,726 7,309 
6,496 4,952 
8,640 s.2n 

12,995 6,279 
5,558 5,072 
7,384 5,487 
7,117 4,921 
7,554 5,599 

20,212 6,326 
27,761 7,985 
17,350 6,080 
14,884 7,021 

6,230 5,051 
27,133 6,221 
10,171 5,661 
32,566 7,267 
10,730 5,294 

6,038 5,203 
5,995 5,097 
8,109 5,063 

18,682 7,329 
6,983 5,143 

19,887 6,670 
8,940 5,602 

21.n4 7,553 
12,753 5,557 
29,543 7,967 
28,011 5,637 
16,614 7,094 

7,556 5,409 
19,352 6,821 
32,058 6,944 
16,950 6,627 

5,503 4,416 
3,657 3,657 

17,204 7,933 
10,250 5,844 
23,499 6,568 
8,587 5,109 

36,948 7,099 
64,112 6,197 
30,259 5,676 
8,4n 5,068 

28,078 6,1551 
5,888 4,819 
5,143 4,505 
6,644 4,816 
4,615 4,506 
4,853 4,088 

14,562 5,8021 
17,933 5,843 i 



Table A1-6. Estimated Acreage of Delta Land Use Categories 

Land Use Area 

Delta Uplands 

(DWR Depletion Study) 

Delta Lowlands 

(DWR Depletion Study) 

DW Reservoir Islands 

(Bacon and Webb Tract) 

DW Habitat Islands 

(Bouldin Island and Holland Tract) 

Land Use Category 

Open Water 

Riparian 

Urban 

Irrigated Crops 

Natural and Idle 

Total 

Open Water 

Riparian 

Urban 

Irrigated Crops 

Natural and Idle 

Total 

Total 

Riparian- Marsh- Water 

Upland- Developed 

Irrigated Crops 

Seasonal Wetlands 

Total 

Area 

(acres) 

6,000 

2,000 

15,700 

142,500 

49,900 

216,100 

48,000 

7,000 

10,500 

342,400 

54,200 

462,100 

11,008 

1,102 

1,077 

3,046 

3,895 

9,120 

Notes: DWR depletion analysis based on Bulletin 160-83land use projections for 1995level of development (DWR 1983). 

DW reservoir and habitat islands are included in Delta lowlands for No- Project Alternative conditions. 



Table Al-7. Estimated Monthly Water Budget Terms for the Delta 

Monthly Amount (inches) Annual Contributing Annual 
Total Area Volume 

ocr NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP (inches) (acres) (TAF) 

Water, Riparian, and Urban Area 

Rainfall 0.8 2.2 2.6 3.2 2.5 2.7 1.2 0.4 0.1 0.1 0.1 0.4 16.3 89,200 121 
Water evaporation 3.7 1.7 0.9 1.0 1.9 3.4 5.1 6.9 7.9 9.0 8.0 5.9 55.4 63.000 291 

Irrigated Delta Uplands Area 

Rainfall 0.8 2.2 2.6 3.2 2.5 2.7 1.2 0.4 0.1 0.1 0.1 0.4 16.3 142.500 194 
Soil moisture 2.0 3.0 4.0 4.0 4.0 4.0 2.5 2.0 2.0 2.0 2.0 2.0 33.5 

Uplands evapotranspiration 1.8 1.2 0.6 0.7 1.5 2.1 2.7 4.1 5.6 6.9 5.4 3.3 36.0 142,500 427 
Applied water 2.1 0.0 0.0 0.0 0.0 0.0 0.0 6.5 11.1 13.6 10.6 5.7 49.6 142.500 589 
Drainage water 1.0 0.0 1.0 2.5 1.0 0.6 0.0 3.3 5.5 6.8 5.3 2.9 29.9 142,500 355 

Irrigated Delta Lowlands Area 

Rainfall 0.8 2.2 2.6 3.2 2.5 2.7 1.2 0.4 0.1 0.1 0.1 0.4 16.3 342,400 465 
Soil moisture 4.0 5.1 7.1 8.0 8.0 8.0 6.5 4.0 4.0 4.0 4.0 4.0 
Lowlands evapotranspiration 1.4 1.1 0.6 0.7 1.5 2.1 2.7 3.8 4.9 5.8 4.3 2.3 31.2 342.400 890 
Seepage 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 12.0 342.400 342 
Salt leaching water 0.0 0.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 342,400 171 
Applied water 1.2 0.0 0.0 0.0 0.0 0.0 0.0 1.9 9.5 11.3 8.3 3.9 36.1 342,400 1,030 
Drainage water 1.6 1.0 1.0 4.6 4.0 3.6 1.0 1.9 5.8 6.7 5.2 2.9 39.2 342,400 1,119 

Notes: Flooded depth is assumed to average 1 fool 
Drainage is assumed to be at least 50% of previous month's flooded volume for circulation. 
Long -term average monthly rainfall is assumed; variations from year to year will oocur. 
Soil moisture is assumed to supply water for evapotranspiration or store exoess rainfall. 
The soil moisture from the previous month plus the rainfall plus the seepage plus the applied water minus the ET minus the end -of- month soil moisture will equal the drainage. 



TableAl-8. Estimated Monthly Water Budget Terms for DW Islands 

----------

Month Annual Contributing Annual ----·--
Total Area Volume 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP (inches) (acres) (TAF) 

·--·--- ----·-·- -

I 
DW Project Islands Intensified Atricnltural Use 

. Rainfall (inches) 0.8 2.2 2.6 3.2 2.5 2.7 1.2 0.4 0.1 0.1 0.1 0.4 16.3 17.000 23 

Soil moisture (inches) 4.0 5.1 7.1 8.0 8.0 8.0 6.5 4.0 4.0 4.0 4.0 4.0 

Lowlands evapotranspiration (inches) 1.4 1.1 0.6 0.7 1.5 2.1 2.7 3.8 4.9 5.8 4.3 2.3 31.2 17.000 44 

Seepage (inches) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 12.0 17,000 17 

Salt leaching water (inches) 0.0 0.0 2.0 2.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 17.000 9 

Applied water (inches) 1.2 0.0 0.0 0.0 0.0 0.0 0.0 1.9 9.5 11.3 8.3 3.9 36.1 17,000 51 

Drainage water (inches) 1.6 1.0 1.0 4.6 4.0 3.6 1.0 1.9 5.8 6.7 5.2 2.9 39.2 17,000 56 

DW Project Islands Wildlife Habitat Use 

Water and marsh (acres)· 1,060 1,060 1,060 1,060 1,060 1.060 1.060 1.060 1.060 1.060 1.060 1.060 

Flooded are a (acres) 2,000 3,400 5,000 4,500 4,300 1,400 500 0 0 0 0 1.200 

Irrigated area (acres) 5,000 3,600 2,000 2.500 2.700 5,600 6,500 7,000 7,000 7,000 7,000 5.800 

Rainfall (inches) 0.8 2.2 2.6 3.2 2.5 2.7 1.2 0.4 0.1 0.1 0.1 0.4 16.3 

Water evaporation (inches) 3.7 1.7 0.9 1.0 1.9 3.4 5.1 6.9 7.9 9.0 8.0 5.9 55.4 

Lowlands evapotranspiration (inches) 1.4 1.1 0.6 0.7 1.5 2.1 2.7 3.8 4.9 5.8 4.3 2.3 31.2 

Soil moisture 4.0 5.1 7.1 8.0 8.0 8.0 6.5 4.0 4.0 4.0 4.0 4.0 

Seepage volume (TAF) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 6 

Change in flooded volume (TAF) 0.8 1.4 1.6 (0.5) (0.2) (2.9) (0.9) (0.5) 0.0 0.0 0.0 1.2 0 

Net evaporation (TAF) 1.0 (0.2) (0.9) (1.3) (0.5) (0.1) 0.5 1.1 3.5 4.1 3.1 2.0 12 

Applied water (TAF) 1.9 1.7 1.9 0.2 1.1 0.0 0.0 0.4 3.0 3.6 2.6 2.7 19 

Drainage water (TAF) 0.6 1.0 1.7 2.5 2.3 2.2 0.7 0.3 0.0 0.0 0.0 0.0 11 

Notes: Flooded depth is assumed to average I foot. 
Drainage is assumed to be at least 50% of previous month's flooded volume for circulation. 
Long -term average monthly rainfall is assumed; variations from year to year will occur. 
Soil moisture is assumed to supply water for evapotranspiration or store excess rainfall. 
Rainfall plus seepage plus applied water minus the change in soil moisture minus evaporation minus ETwill equal the drainage. 

--------· --



Water 
Year Month 

1986 ocr 
NOV 
DEC 
JAN 
FEB 

MAR 
APR 

MAY 
JUN 
JUL 

AUG 
SEP 

1987 ocr 
NOV 
DEC 
JAN 
FEB 

MAR 
APR 

MAY 
JUN 
JUL 

AUG 
SEP 

1988 ocr 
NOV 
DEC 
JAN 
FEB 

MAR 
APR 

MAY 
JUN 
JUL 

AUG 
SEP 

1989 ocr 
NOV 
DEC 
JAN 
FEB 

MAR 
APR 

MAY 
JUN 
JUL 

AUG 
SEP 

Table Al-9. DW Project Islands Drainage Pumping Estimates for 1986-1992 
based on PG&E Pumping Tests (af/kWh) and Power Consumption Records 

Bouldin Island Bacon Island Webb Tract 
5,985 acres 5539 acres 5.469 acres 

Holland Tract 
4,187 acres 

(AF) (inches) (AF) (inches) (AF) (inches) (AF) (inches) 

87 0.2 
2,217 4.4 
3~187 6.8 
2,125 4.3 
2,771 5.6 
3,944 7.9 

558 1.1 
1,292 2.6 
1,553 3.1 
2,688 5.4 
2,939 5.9 
1,102 2.2 

245 0.5 
1,932 3.9 
3.419 6.9 
2,074 4.2 
3,736 7.5 
1~177 2.8 

837 1.7 
909 1.8 
804 1.6 

1,113 2.2 
1,740 3.5 
1,125 2.3 

621 1.2 1.834 4.0 
1.248 2.5 655 1.4 
1.785 3.6 3,243 7.0 
2,701 5.4 2.185 4.7 

574 1.2 590 1.3 
501 1.0 721 1.6 
758 1.5 1.852 4.0 
378 0.8 2,981 6.5 
542 1.1 1,506 3.3 

1,064 2.1 5,624 12.2 
780 1.6 4.679 10.1 
54 0.1 3.412 7.4 

449 0.9 2,085 4.5 
1.177 2.4 216 0.5 
2,960 5.9 1,042 2.3 
3.929 7.9 4.265 9.2 

690 1.4 2.292 5.0 
272 0.5 1,294 2.8 
647 1.3 1.755 3.8 
702 1.4 4,091 8.9 

1.451 2.9 4~109 9.3 
2.072 4.2 3.486 7.6 
1,775 3.6 3,618 7.8 

408 0.8 3.932 8.5 



Table Al-9. Continued 

Bouldin Island Bacon Island Webb Tract Holland Tract 
Water 5.985 acres 5.539 acres 5.469 acres 4.187 acres 
Year Month (AF) (inches) (AF) (inches) (AF) (inches) (AF) (inches) 

1990 ocr 81 0.2 1.520 3.3 0 0.0 216 0.6 
NOV 304 0.6 923 2.0 36 0.1 269 0.8 
DEC 51 0.1 3,843 8.3 46 0.1 840 2.4 
JAN 1.226 2.5 2,286 5.0 1,545 3.4 525 1.5 
FEB 486 1.0 1,698 3.7 830 1.8 506 1.4 

MAR 757 1.5 972 2.1 733 1.6 477 1.3 
APR 1376 2.8 1.594 3.5 733 1.6 473 1.3 

MAY 458 0.9 2.938 6.4 730 1.6 488 1.4 
JUN 367 0.7 3,640 7.9 81 0.2 301 0.9 
JUL 1.169 2.3 3,380 7.3 188 0.4 146 0.4 

AUG 821 1.6 3.532 7.7 188 0.4 171 0.5 
SEP 138 0.3 4,079 8.8 85 0.2 124 0.4 

1991 ocr 798 1.6 1.465 3.2 233 0.5 218 0.6 
NOV 2.596 5.2 897 1.9 1,230 2.7 722 2.0 
DEC 2.596 5.2 5316 11.5 2,223 4.9 549 1.6 
JAN 1,873 3.8 2,197 4.8 2.042 4.5 1.317 3.7 
FEB 1,831 3.7 1,845 4.0 1,487 3.3 1,701 4.8 

MAR 1,831 3.7 1,281 2.8 1~160 3.0 544 1.5 
APR 368 0.7 786 1.7 245 0.5 160 0.5 

MAY 158 0.3 4,268 9.2 78 0.2 157 0.4 
JUN 724 1.5 4.153 9.0 80 0.2 293 0.8 
JUL 1.650 3.3 4.153 9.0 52 0.1 64 0.2 

AUG 2.757 5.5 4,995 10.8 44 0.1 675 1.9 
SEP 65 0.1 3.940 8.5 69 0.2 347 1.0 

1992 ocr 128 0.3 1.424 3.1 203 0.4 284 0.8 
NOV 1.547 3.1 442 1.0 788 1.7 232 0.7 
DEC 1,940 3.9 4,051 8.8 1,871 4.1 290 0.8 
JAN 1.811 3.6 1,936 4.2 1,891 4.1 616 1.7 
FEB 3,287 6.6 1,826 4.0 1.279 2.8 1,001 2.8 

MAR 3.287 6.6 1,826 4.0 2.699 5.9 906 2.6 
APR 264 0.5 1.275 2.8 2~149 5.2 508 1.4 

MAY 122 0.2 5.147 11.2 456 1.0 359 1.0 
JUN 1,061 2.1 4,295 9.3 291 0.6 391 1.1 
JUL 1,614 3.2 2.486 5.4 416 0.9 436 1.2 

AUG 1.245 2.5 3.433 7.4 582 1.3 430 1.2 
SEP 1.250 2.5 3,807 8.2 413 0.9 287 0.8 

Annual Totals 

1986 24.663 49 
1987 19~111 39 
1988 11;tl06 22 29.282 63 
1989 16.532 33 32~185 70 
1990 7.234 15 30,405 66 5.195 11 4,536 13 
1991 17.247 35 35,296 76 9,143 20 6,747 19 
1992 17.556 35 31,948 69 13.238 29 5,740 16 

Average 16.221 33 31.863 69 9,192 20 5,674 16 

Combined DW Islands (21.180 acres) 

Annual Pumping 1990 27 
(inches) 1991 39 . ; ~ 

1992 39 
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Delta Tributaries and Upstream Reservoirs Included in the 
DWRSIM Statewide Water Supply Planning Model 
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Figure A 1-2. 
Unimpaired Flow Estimates and DWRSIM Inputs for Total 
Annual Inflows to Clair Engle Reservoir for 1922-1991 
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Figure A1-3. 
Unimpaired Flow Estimates and DWRSIM Inputs for Total 
Annual Flows in the Trinity River for 1922-1991 
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Figure A 1-6. 
Unimpaired Flow Estimates and DWRSIM Inputs for Total Annual 
Inflows to Shasta Reservoir for 1922-1991 
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Figure A1-7. 
Historical Measured and DWRSIM-Simulated End-of-Month 
Storage in Shasta Reservoir for _1967 -1991 
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Figure A 1-9. 
Unimpaired Flow Estimates and DWRSIM Inputs for Total Annual 
Inflows to Oroville Reservoir for 1922-1991 
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Figure A1-11. 
Unimpaired Flow Estimates for the Yuba and Bear Rivers, and 
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DWRSIM Inputs (at mouth of Yuba River) 
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Historical Measured and DWRSIM-Simulated Mean Monthly Flows 
in Yolo Bypass and the Sacramento River at Freeport for 1967-1991 
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DA YFLOW Historical and DWRSIM-Simulated Mean Monthly Delta CVP and SWP 
Exports and CCWD Diversions for 1967-1991 
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Figure A 1-24. 
DA YFLOW Calculated and DWRSIM-Simulated Total Annual Delta Outflows 
for 1922-1991 
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Appendix A2. DeltaSOS: Delta Standards and Operations 
Simulation Model 

SUMMARY 

This appendix describes the application of the Delta Standards and Operations Simulation (DeltaSOS) model 
developedforevalualingcompliance of Delta water management operations with likely Delta standards. The discussion 
summarizes the sources of the initial Delta water budget tenns required for DeltaSOS simulations and describes DeltaSOS 
input matrices of flow values associated with Delta standards for water quality and fish protection. The set of input 
matrices offers DeltaSOS users a choice of Delta standards against which to test likely future Delta operations. The Delta 
standards are specified as monthly values for each of five selected water-year types for each of the following: 

• Sacramento River flow at Freeport, 

• diversions from the Sacramento River at Hood, 

• Delta Cross Channel (DCC) and Georgiana Slough operations, 

• Sacramento River flow at Rio Vista, 

• San Joaquin River flow at Vernalis, 

• operation of a barrier at the head of Old River, 

• QWESTflow, 

• operation of the Suisun Marsh salinity control gate, 

• Delta outflow, 

• 1995 Bay-Delta Water Quality Control Plan (WQCP) outflow standards for estuarine habitat, 

• Delta export pumping at the State Water Project (SWP) Banks Pumping Plant and the Central Valley Project 
(CVP) Tracy Pumping Plant, and 

• operation of an i»-Delta storage facility. 

This appendix describes the relationships between these variables and Delta water quality requirements, and describes 
DeltaSOS input matrix values for WQCP standards. 
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INTRODUCTION 

Use ofDettaSOS, a simulation and analysis tool, is 
necessary to reliably describe the effects of several types 
of existing and proposed Delta standards on likely future 
operations of the Delta. Environmental assessment of an 
in-Delta storage project, such as the proposed Delta 
Wetlands (DW) project, depends on reliable descriptions 
of these likely future Delta conditions. The DeltaSOS 
monthly model provides a general analysis tool for evalu­
ating a wide range of possible future Delta standards and 
likely future operations that will comply with these stand­
ards. 

DeltaSOS is built on these general concepts: 

• Applicable Delta standards for water quality 
and fish protection are specified as monthly 
flow values at 12 locations for each of five 
selected water-year types (wet, above normal, 
below normal, dry, and critically dry). 

• An initial monthly Delta water budget for 1922-
1991 is specified, consisting of terms for Sacra­
mento and San Joaquin River inflows, Yolo 
Bypass and eastside stream inflows, Delta chan­
nel depletion (including North Bay Aqueduct 
exports), combined CVP and SWP exports, 
Contra Costa Water District (CCWD) diver­
sions, and initial Delta outflow at Collinsville. 

• Incremental changes in Delta operations re­
quired to meet each of the specified Delta 
standards are calculated and compared with the 
initial specified Delta water budget for each 
month of simulation. Revised Delta water bud­
get terms that satisfy the specified standards are 
reported. 

This appendix briefly describes the DeltaSOS 
spreadsheet model to allow interested parties to review 
simulation results obtained for water management opera­
tions that correspond to specified Delta standards and 
facilities. 

POSSmLE HYDROLOGIC INPUTS 

DeltaSOS does not simulate upstream storage reser­
voirs but provides a description of Delta conditions and 
operations corresponding to a wide range of possible 
Delta standards. 
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DeltaSOS requires an initial monthly water budget 
of the Delta for water years 1922-1991 to calculate 
monthly conditions in the Delta. Initial monthly Delta 
inflows and exports can be estimated from three general 
sources: historical records (California Department of 
Water Resources' [DWR's] DA YFLOW data set), simu­
lation results from a monthly SWP or CVP operations 
planning model (DWRSIM, PROSIM, or SANJASM), or 
results from a previous Delta simulation by the DeltaSOS 
model. Results from the SWP or CVP operations plan­
ning model can be combined with DeltaSOS results to 
provide a complete description of water supply and Delta 
conditions corresponding to selected Delta standards. An 
iterative process might be used to resolve differences 
between the planning model results and specific in-Delta 
requirements identified with DeltaSOS. The monthly 
water budget terms used in DeltaSOS are described in 
Appendix AI, "Delta Monthly Water Budgets for Opera­
tions Modeling of the Delta Wetlands Project", and are 
summarized below. 

Historical Flows 

The historical monthly Delta water budget is pro­
vided by DWR in the DA YFLOW data set, available 
beginning with water year 1930. DA YFLOW is an 
accounting of historical measured Delta inflows and 
exports and estimates of Delta consumptive use and out­
flow. JSA has used DWR estimates of unimpaired flows 
for 1922-1929 to extend the historical record of Delta 
inflows to encompass 70 years. Because the historical 
record includes effects of changing water use patterns and 
water resource facilities, adjustments could be made to 
historical upstream diversion estimates and storage 
patterns to reflect present facilities and operations. 

Simulation Results from Operations 
Planning Models 

Results from a monthly operations planning model, 
such as DWRSIM, PROSIM, or SANJASM, constitute 
the second possible source of values for an initial monthly 
Delta water budget. The DA YFLOW and unimpaired 
flow data do not reflect Delta operations (e.g., Delta 
exports and releases of flows from upstream facilities) 
that would occur with present-day facilities and demand 
for exports; therefore, monthly operations planning 
models are used to estimate Delta operations under the 
hydrologic conditions represented by the historical 
record. Results from these models provide an estimate of 
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likely Delta conditions under a particular set of asswned 
facilities, operations rules, water demands, and applicable 
Delta standards. Monthly inputs are used in DeltaSOS 
for Sacramento River, San Joaquin River, eastside 
stream, and Yolo Bypass inflows; CCWD diversions; 
CVP and SWP exports (combined); Delta channel deple­
tion; Delta outflow; and estimated "carriage water" 
requirements. 

Iterative DeltaSOS Results 

A modified monthly Delta water budget produced by 
DeltaSOS to satisfy a set of proposed Delta standards 
may be used as the initial conditions for investigating the 
incremental effects of slightly different Delta standards. 
The DeltaSOS model includes an option to reset the 
initial monthly Delta water budget terms to the most 
recent revised values of the terms calculated to satisfy the 
previously specified set of Delta standards. This option 
is used to update the initial water budget terms for Sacra­
mento and San Joaquin River inflows, Delta exports, and 
Delta outflow. The calculated Delta conditions will 
reflect these changed input values. 

Classification of Water-Year Type 

DeltaSOS allows the classification of water-year 
type for the Sacramento and San Joaquin River basins to 
be selected and specified as part of the monthly inputs. 
Selection of the year-type classification scheme is impor­
tant because Delta standards can differ substantially for 
each water-year type. The year-type classification speci­
fied in Water Right Decision 1485 (D-1485) includes a 
"subnormal snowmelt" year type that replaces wet, 
above-normal, and below-normal types when the snow­
pack is below normal. Required D-1485 Delta outflows 
for May-July are substantially modified under this year­
type classification. The 1995 WQCP uses a slightly 
different year-type classification, called the 40-30-30 
scheme. The selected year type is specified as an input. 

DeltaSOS allows the San Joaquin River year type to 
vary independently of the Sacramento River year type, as 
specified in the 1995 WQCP. The Vernalis inflow 
requirements and Old River barrier operations in Delta­
SOS depend on San Joaquin River water-year type. 

Under most year-type classification schemes, the 
water-year type cannot be accurately determined until 
approximately halfway into a new water year (i.e., March 
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or April). DeltaSOS establishes a new year type in 
February of each year to properly match relatively large 
spring outflow requirements with the contemporary year 
type. DeltaSOS simulates October-January flows accord­
ing to the previous year-type standards. 

The 1995 WQCP outflow requirements depend on 
the previous month's runoff, rather than the annual year­
type classification. These monthly runoff values are 
provided as inputs to DeltaSOS, as discussed below 
under "Delta Outflow". 

DELTASTANDARDSS~ULATED 

INDELTASOS 

Delta standards consist of munerical criteria or limits 
that are specified in narrative decisions of the California 
State Water Resources Control Board (SWRCB), Endan­
gered Species Act biological opinions, and agreements 
between and other documents from various regulatory or 
water management agencies. SWRCB established its 
currently applicable Delta standards in the 1995 WQCP. 
SWRCB listed these standards according to the resource 
use they are protecting at certain locations and specified 
values for selected parameters (minimum flow, pumping 
limit, salinity, electrical conductivity [EC], or chloride) 
during certain periods of the year (dates or days per year) 
for particular year types. Additional Delta requirements 
that must also be satisfied are contained in SWRCB water 
right decisions and have been introduced in the Coor­
dinated Operations Agreement (COA) ofDWR and the 
U.S. Bureau of Reclamation (Reclamation), recent ac­
tions related to the Endangered Species Act, and other 
legislative mandates (CVP Improvement Act). 

DeltaSOS uses input matrices of monthly Delta 
standards specifying required monthly flows (minimum 
or maximum) at a location for each month for each year 
type. Translating the wide variety of possible Delta 
standards into a matrix of required flows can be difficult 
and requires interpretation of hydrologic and water qual­
ity factors. Assumptions about important parameters and 
relationships, such as flow-salinity relationships, are 
sometimes necessary. Specifying average monthly flow 
requirements at appropriate Delta locations for the full set 
of applicable standards provides an objective basis for 
systematically analyzing likely future Delta conditions. 
DeltaSOS can thus describe flow conditions that satisfy 
the specified set of Delta standards at an averaged month­
ly time scale appropriate for planning studies. 
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The following sections define the input matrices used 
in DeltaSOS to specify possible standards or require­
ments at the 12 Delta locations shown in Figure A2-l. 
Delta salinity standards are not directly simulated in 

· DeltaSOS and must be protected indirectly using speci­
fied minimum monthly flow requirements (see "Carriage 
Water Calculations" below). Table A2-1 provides an 
example of the DeltaSOS control matrices. The matrices 
shown in Table A2-1 are samples of matrices that may be 
used, and the values may not match actual Delta stand­
ards required by the 1995 WQCP and other current 
regulations. 

Sacramento River Flows at Freeport 

The input matrix for minimum Sacramento River 
flows at Freeport can be used to specify requirements for 
pulse flows to assist migrating fish or transport eggs and 
larvae from the Sacramento River through the Delta to 
Suisun Bay. Pulse flows that may be required for less 
than a month must be averaged with requirements for the 
remainder of the month to establish monthly values of the 
DeltaSOS matrix. The 1995 WQCP does not contain 
Freeport minimum flow requirements. 

Diversions from the Sacramento 
River at Hood 

Facilities do not currently exist at Hood to allow 
diversion of exports from the Sacramento River. Hood 
diversions therefore are not included in simulations of 
DW project operations for evaluating potential environ­
mental impacts. DeltaSOS includes a switch, however, to 
allow simulation of possible diversions at Hood into an 
isolated facility to transfer water directly to the CVP and 
SWP pmnps or to divert water into the Mokelumne River 
channels. If this option is used, three matrices of input 
standards are needed to specify operational controls for 
the Hood diversions and the transfer facility. 

-Hood diversions as simulated in DeltaSOS would be 
limited by two different control matrices. A maximum 
diversion rate limiting the diversions at Hood can be 
specified for each month of each water-year type. A 
second control matrix specifies the allowable fraction of 
Sacramento River flow that could be diverted at Hood. 
In combination, these two control matrices can simulate 
a wide range of operational limits for po!isible Hood 
diversions. A third matrix in DeltaSOS can be used to 
specify required releases from the transfer facility to 
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provide inflows to sloughs that connect with the Moke­
lumne River or the San Joaquin River or to these rivers 
themselves. 

DeltaSOS does not allow Hood diversions to exceed 
the specified maximum diversion rate or the maximum 
specified fraction of Sacramento River inflow. Hood 
diversions are also limited indirectly in DeltaSOS by the 
need to satisfy requirements for Delta outflow and Rio 
Vista flows. Thus, five separate standards in DeltaSOS 
can be used to limit simulated Hood diversions. 

Delta Cross Channel and Georgiana 
Slough Operations 

Operations of the DCC gates are controlled on a 
daily basis and may depend on either the Sacramento 
River inflow or Delta outflow at Chipps Island. A flood 
control standard operating procedure closes the DCC to 
protect DCC structure and the Mokelumne River channel 
levees whenever Sacramento River inflow (below Hood) 
is greater than 25,000 cubic feet per second (cfs). The 
1995 WQCP contains provisions to close the DCC 50% 
of the time during November-January and requires com­
plete DCC closure from February 1 to May 20. The DCC 
is closed 4 days each week from May 21 to June 15. 

Approximating the DCC daily operation require­
ments with a monthly average closure criterion introduces 
some inaccuracy for months that have average flows near 
the DCC closure criterion. If the monthly flows are either 
very low or very high compared with the criterion, how­
ever, the closure condition specified as a monthly average 
flow is a good approximation of the average of the daily 
closure conditions. Simulating the periods with partial 
DCC closure is not possible in DeltaSOS. 

DeltaSOS requires two flow-standard matrices to 
simulate the DCC closure standards because they depend 
on flows at two different Delta locations. The first matrix 
specifies the maximum monthly Sacramento River flow 
below Hood for the DCC to remain open. The flood 
control standard is simulated at 25,000 cfs. Mandatory 
closure of the DCC for a month is specified in DeltaSOS 
with a value of 0 cfs in the input matrix. 

The second DCC flow matrix specifies the maximum 
Delta outflow for the DCC to remain open (i.e., at higher 
outflows, the DCC will be closed). For example, D-1485 
standards required the DCC to be closed if Delta outflow 
was greater than 12,000 cfs in the months of January­
April. Delta outflow in the initial Delta water budget is 
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used to determine DCC closure based on this standard. 
If the initial Delta outflow is below the outflow standard 
(such that the DCC remains open) but exports are re­
duced to comply with specified standards (e.g., pumping 
limits), DeltaSOS may allow the revised Delta outflow to 
increase above the specified Delta outflow for DCC 
closme. In this case, DeltaSOS will not satisfy the DCC 
closure standard for Delta outflow. The 1995 WQCP 
does not contain a DCC closure criterion for Delta 
outflow. 

Another flow matrix specifies the maximum monthly 
Sacramento River flow below Hood for simulated Geor­
giana Slough gates to remain open. These potential gates 
have not been constructed A matrix value of I 00,000 cfs 
will simulate Georgiana Slough maintained in an open 
configuration because Sacramento River channel capacity 
in the vicinity of DCC and Georgiana Slough is less than 
100,000 cfs. 

Sacramento River Flows at Rio Vista 

The 1995 WQCP specifies minimum flows at Rio 
Vista to protect migrating salmon. Sacramento River 
flows at Rio Vista are equivalent to flows at Freeport, 
minus any Hood diversions, minus the DCC and Geor­
giana Slough flows, minus an assumed fraction (25%) of 
Delta channel depletions that occur between Freeport and 
Rio Vista, plus any Yolo Bypass inflows. Rio Vista is 
upstream of the Threemile Slough connection to the 
lower San Joaquin River. 

Sutter and Steamboat Slough diversions from the 
Sacramento River below Hood rejoin the Sacramento 
River at Rio Vista. The diversions are calculated in 
DeltaSOS, but no gates or tidal controls for Sutter or 
Steamboat Sloughs are simulated in DeltaSOS. 

QWESTFlows 

QWEST is a variable calculated to be equivalent to 
the net flow moving from near the mouth of the Moke­
lumne River and Old River (Franks Tract) toward 
Antioch in the San Joaquin River, False River, and Dutch 
Slough channels. Requirements for QWEST minimum 
flows are a new feature of Delta standards, first intro­
duced in SWRCB's proposed Water Right Decision 1630 
(D-1630). Subsequently, QWEST limits were specified 
as protection measures for fish in 1993 and 1994 bio­
logical opinions under the federal Endangered Species 
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Act for both winter-run salmon and Delta smelt. Mini­
mum QWEST flows are specified to minimize the net 
upstream movement of passive larval and juvenile fish 
life stages from the Antioch region (western Delta) into 
the central Delta where they would become vulnerable to 
potential entrainment losses at the export pumps and 
agricultural diversions, as well as other potentially ad­
verse environmental conditions (e.g., mortality, straying, 
and limited food resources). There are no QWEST 
limits, however, in the 1995 WQCP. 

The U.S. Geological Survey (USGS) has recently 
installed an ultrasonic velocity meter (UVM) to measure 
San Joaquin River tidal flow at Jersey Point, downstream 
of the junction with Threemile Slough and downstream of 
the False River flow from Franks Tract (Figure A2-l ). A 
similar UVM is being installed by USGS in Threemile 
Slough. The USGS measurements at Jersey Point and 
Threemile Slough can be used to calculate QWEST 
values as estimated in DA YFLOW. DA YFLOW esti­
mates ofQWEST flows do not include the contribution of 
Sacramento River flow from Threemile Slough. Flows 
measured by USGS at Jersey Point will be slightly less 
than San Joaquin River flows at Antioch because 
(according to the RMA Delta model) approximately 5% 
of net San Joaquin River flow moves through Dutch 
Slough between Franks Tract and Big Break, thus enter­
ing the San Joaquin River downstream of Jersey Point 
(Figure A2-l ). 

In DeltaSOS, the user can apply QWEST standards 
either with or without Threemile Slough flows included 
in the QWEST calculation. Prior calculations of QWEST 
values have been based on DA YFLOW estimates, with 
Threemile Slough flows excluded. Including Threemile 
Slough flows in the QWEST calculations would allow 
regulation of DeltaSOS-simulated San Joaquin':River 
flows in the vicinity of Antioch using the values specified 
in the QWEST standard. 

In the DeltaSOS standards input matrix, the QWEST 
variable is given a value of -15,000 cfs in months with no 
QWEST flow limits. This input value thus represents a 
minimum possible QWEST flow with full export pump­
ing even when there are no inflows to the central Delta. 

San Joaquin River Flows 
at Vernalis 

Minimum required San Joaquin River flows at Ver­
nalis can be indirectly estimated from maximum allow­
able values for salinity (EC or total dissolved solids 
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[TDS]) as generally specified in Condition 5 of SWRCB 
D-I422, which governs the water rights for New 
Melones Reservoir and from an asswned EC-flow rela­
tionship to approximate flows equivalent to the Vernalis 
salinity standards. For example, the D-1422 IDS 
standard of 500 parts per million (ppm) is equivalent to 
an EC value of about 833 J..I,S/cm (0.833 mS/cm), assum­
ing the generally observed EC/TDS ratio of I.67, which 
requires a flow of approximately 1,000 cfs at Vernalis. 
DWR uses a slightly different flow-EC relationship, 
which requires I,SOO cfs to satisfy the 500-mg/1 IDS 
standard The I995 WQCP requires maximum Vernalis 
EC of0.7 m.S/cm in the irrigation season (April-August) 
and of I.O mS/cm during the remainder of the year. The 
Vernalis flows equivalent to these EC values can be 
estimated from an asswned EC-flow relationship. 

The I995 WQCP includes fish transport flows for 
the San Joaquin River during February-June. These 
flows depend on San Joaquin River year type and 
increase by a specified increment whenever Delta outflow 
is greater than 1I,400 cfs (when the X2 position is 
downstream of Chipps Island, as described below under 
"WQCP Outflow Standards for Estuarine Habitat"). A 
30-day pulse-flow period is also specified in April-May. 
DeltaSOS calculates the San Joaquin River pulse flow 
and base inflow during April and May from the average 
monthly input flows. 

Head of Old River Barrier 

DeltaSOS estimates diversion flows from the San 
Joaquin River into Old River based on results of the 
Resource Management Associates (RMA) Delta hydro­
dynamic model. Flow into Old River is potentially 
blocked by a barrier at the head of Old River. Temporary 
barriers have been placed in fall to reduce diversions to 
Old River and thus to increase flows in the San Joaquin 
River past Stockton. Increased flows in the San Joaquin 
River may increase dissolved oxygen concentrations in 
fall and improve conditions for salmon migration in 
spring. 

DeltaSOS requires a control matrix that specifies the 
maximum monthly San Joaquin River flow at Vernalis for 
the barrier at the head of Old River to remain closed. 
DeltaSOS will simulate opening of the barrier for flood 
control purposes if San Joaquin River flow exceeds the 
specified threshold. At a threshold value of I 0,000 cfs, 
DeltaSOS will simulate closure of the barrier unless the 
San Joaquin River flow is greater than I 0,000 cfs at 
V ernaiis. A value of 0 cfs will simulate opening of the 
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barrier during the month for any San Joaquin River flow. 
Note that this has an effect that is opposite that of the 
DCC closure matrix. 

Delta Outflow 

Chipps Island, just below the confluence of the 
Sacramento and San Joaquin Rivers near Pittsburg, is the 
traditional location for specification of minimum Delta 
outflow requirements. Prior to the recent introduction of 
requirements for flushing flows, QWEST limits, and 
Suisun Marsh salinity standards, all Delta salinity and 
flow requirements could be approximately combined into 
minimum Delta outflow requirements at Chipps Island. 
DWR has used a computer subroutine called Minimum. 
Delta Outflow (MOO) to estimate the monthly Delta out­
flow requirements for use as minimum flow constraints in 
DWRSIM modeling of SWP and CVP operations. 
(MOO is now incorporated within DWRSIM.) 

For DeltaSOS inputs of standards, various Delta 
outflow and salinity requirements can be approximated as 
a single matrix of monthly flows, using the specified 
salinities and salinity-outflow relationships such as those 
assumed by DWR in the MDO program. In cases in 
which different salinity standards apply at different Delta 
locations (i.e., Chipps Island, Emmaton, or Jersey Point), 
the flows required to maintain the specified salinities are 
compared and the largest necessary flow (i.e., controlling 
standard) is used as the minimum outflow requirement. 
When standards apply for only part of a month or when 
cumulative standards apply (e.g., ISO mg/1 chloride at 
Rock Slough for a certain number of days for each water­
year type), the monthly flow value is estimated as the 
average of the daily controlling values. 

The matrix of minimum Delta outflows at Chipps 
Island can be derived from a combination of specified 
flows for fish transport, EC standards to protect Suisun 
Marsh, and EC standards at Emmaton and Jersey Point to 
protect agricultural uses. Each EC standard at each loca­
tion must be interpreted as an outflow standard based on 
an assumed EC-outflow relationship. For example, the 
Emmaton EC standard of 0.45 mS/cm has been inter­
preted to be an outflow requirement of about 7,600 cfs. 

One of the Suisun Marsh EC standards in D-I485 
requires a flow of I2,000 cfs for 2 out of 4 months 
(January-April) in above-normal and below-normal 
years. This type of Delta standard cannot be specified as 
fixed monthly flow requirements in DeltaSOS. An 
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additional matrix (OUTQ) is used to represent this D-
1485 Suisun Marsh EC standard in DeltaSOS. 

OUTQ specifies the required number of months 
within the selected control period that must have an 
outflow greater than the specified flow for each year type. 
The OUTQ matrix includes three specified outflow 
values. Because ·the 1995 WQCP monthly outflow 
requirements depend on the previous month's runoff, the 
OUTQ matrix is not used and all OUTQ matrix values 
are set atO. 

1995 WQCP Outflow Standards for 
Estuarine Habitat 

The 1995 WQCP includes additional Delta outflow 
requirements for the February-June control period to limit 
salinity in the estuarine habitat of Suisun Bay. The 1995 
WQCP standards require that the specified salinity stand­
ard (which is assumed to be equivalent to a certain 
specified Delta outflow) be met for a certain number of 
days each month during the February-June control period. 
The proposed standards have been formulated in terms of 
the number of days that the mean daily salinity gradient 
value of 2 parts per thousand (ppt) TDS (3 mS/cm EC), 
designated X2, must be downstream of three control 
locations: the confluence of the Sacramento and San 
Joaquin Rivers near Collinsville, Chipps Island, and Roe 
Island Furthennore, the outflow requirements are adjust­
ed based on actual hydrologic conditions during the pre­
vious month. 

DeltaSOS uses the assumed steady-state Delta out­
flows that would maintain the X2 position for a specified 
number of days at each of these locations (WQCP, Table 
3, Footnote 11) to estimate the required monthly outflow 
and equivalent required X2 position. The X2 position 
can be maintained at Collinsville (81 km) with an outflow 
of7,100 cfs; at Chipps Island (74 km) with 11,400 cfs; 
and at Roe Island (64 km) with 29,200 cfs. The number 
of days for which X2 is maintained at each location 
depends on the previous month's runoff (the sum of the 
unimpaired runoff of eight specified rivers, published as 
DWR's Eight-River Index). The 1995 WQCP states that 
the X2 position must be maintained at Roe Island only if 
the previous month's position ( 14-day average EC at Roe 
Island on the last day of the month) was downstream of 
Roe Island This is simulated in DeltaSOS with a speci­
fied trigger X2 position slightly upstream of Roe Island 
(66.3 km used). If the previous month's X2 was down­
stream of the trigger position, higher flows are required 
than if the previous month's X2 position was upstream of 
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this trigger position. These two sets of outflow require­
ments are specified in tables that identifY the required 
outflow for each month as a function of the previous 
month's runoff (Table A2-2). The 1995 WQCP outflow 
requirements for January also depend on previous 
month's runoff. 

The X2 position is assumed to depend on the 
previous month's X2 position and the current month's 
Delta outflow as follows (Kirnmerer and Monismith 
1992): 

X2 (km) = 122.2 + 0.3278 • X2 (previous month) 
- 17.65 • log (outflow [cfs]) 

The following is therefore the steady-state equation 
for X2 as a function of outflow: 

X2 (km) = 181.8- 26.26 • log (outflow [cfs]) 

The required X2 position is estimated from the 
steady-state equation using the monthly outflow obtained 
from the look-up tables. The steady-state Delta outflow 
is adjusted using the previous month's X2 position as 
follows: 

Required outflow = steady-state outflow • 
(1 -0.044 • [required X2- previous X2]) 

According to this equation, each kilometer of difference 
between the previous month's X2 position and the 
required X2 position is equivalent to about a 4% change 
in required outflow. DeltaSOS assumes that this adjust­
ment in required outflow is made for the upstream pre­
vious month's X2 (increased outflow needed), as well as 
downstream previous month's X2 (reduced outflow 
needed). 

The 1995 WQCP provides a relaxation of these X2 
position standards in May and June of years with runoff 
of less than 8.1 million acre-feet (MAF). DeltaSOS 
applies this relaxation in below-normal (7.8 MAF) and 
drier year types. 

DeltaSOS also includes a switch that allows the 
specified Delta outflow to be applied either at Chipps 
Island or at Collinsville, upstream of Montezuma Slough. 
If the outflow standard is applied at Collinsville, the 
effects ofMontezuma Slough diversions on satisfying the 
required Delta outflow standards are eliminated. If the 
Delta outflow standards are simulated at Collinsville, 
however, possible effects of the Montezuma Slough 
diversions on flow and salinity at Chipps Island should be 
carefully considered. Because the Suisun Marsh salinity 

Appendix A2. DeltaSOS: Delta Standards and 
Operations Simulation Model 

September 1995 



control gate has only been operated since 1989, net 
diversion flow into Montezwna Slough has not been 
accounted for in DA YFLOW and may not yet be repre­
sented in MOO and DWRSIM results. 

An additional method of specifying required Delta 
outflow is possible with DeltaSOS. The monthly 
DWRSIM results for minimum Delta outflow (including 
all possible requirements) can be obtained and specified 
in the DeltaSOS input column for "carriage water" (see 
discussion below). If this option is used, the required 
Delta outflow matrix, as well as the OUTQ matrix, 
should be reset to zeros, and the carriage water switch 
should be set at 1.0. This option will make the total 
outflow requirements identical to those calculated by 
DWRSIM but will not allow changes in the required 
outflow objectives to be simulated. This was the option 
used for simulating the DW project alternatives; outflow 
requirements were identical to those simulated with 
DWRSIM. 

Delta Export Pumping at Banks and 
Tracy Pumping Plants 

DeltaSOS represents combined CVP (Tracy Pump­
ing Plant) and SWP (Banks Pumping Plant) Delta export 
pumping limits in another Delta standard matrix. The 
CVP Tracy export pumping capacity is 4,600 cfs, but the 
Delta-Mendota Canal {DMC) capacity is limited to 4,200 
cfs in December-March without deliveries for irrigation. 
For evaluation of 1995 WQCP standards, SWP export 
capacity is assumed by DWR to be 6,680 cfs. The 
combined CVP and SWP export pumping capacity is 
therefore 11,280 cfs for April-November and 10,880 cfs 
for December-March. 

DWR currently operates the four new pumps at the 
SWP Banks Pumping Plant within the general provisions 
of U.S. Army Corps of Engineers (Corps) regulations 
tmder Section 10 of the Rivers and Harbors Act of 1899. 
Corps public notice 5820A (amended October 13, 1981) 
includes a provision to allow pumping of33% of the total 
San Joaquin River daily infloW, if the inflow exceeds 
1,000 cfs during the period of December 15 to March 15, 
up to the SWP export capacity of I 0,300 cfs. Increased 
water elevations in the southern Delta during periods of 
high San Joaquin River inflow are apparently the basis 
for allowing increased SWP exports. 

The net effect of daily San Joaquin River inflows and 
daily Clifton Court Forebay gate capacity (as currently 
operated) oo. increased monthly average export pumping 
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is somewhat uncertain. Actual pumping rates during 
periods of high San Joaquin River inflow in 1993 led 
DWR to increase the estimated monthly simulated maxi­
mum to 8,500 cfs. 

In DeltaSOS, the San Joaquin River inflow provision 
is simulated by allowing a specified fraction of monthly 
San Joaquin River inflow, if greater than a specified 
minimum (1,000 cfs), to be exported in addition to the 
specified export pumping limits. In these months, Delta­
SOS simulates the total allowable pumping as the speci­
fied pumping limit plus the specified allowable export of 
the San Joaquin River flow, up to the maximum capacity 
given in the last column of the export Pl!lllPing matrix. 
The January-February capacity with 8,500 cfs of SWP 
pumping is 12,700 cfs. The December and March 
capacity is 11,700 cfs. 

Full capacity for combined CVP and SWP export 
pumping could be simulated with matrix values of 14,500 
cfs (December-March) and 14,900 cfs (balance of year). 
DeltaSOS does not allocate the Delta pumping between 
the CVP and SWP projects and therefore does not require 
rules to satisfy COA provisions. CCWD diversions are 
specified as inputs and are not adjusted in DeltaSOS; 
CCWD diversions are considered separately from CVP 
exports at the Tracy Pumping Plant. 

The DeltaSOS export pumping limits apply solely to 
allowable direct diversions from the southern Delta. 
Such direct southern Delta diversions would be in addi­
tion to the exports of the Hood diversions (if simulated) 
less any required releases of Hood diversions back to the 
Delta (if simulated). The specified pumping limits con­
trol direct exports, and net Hood diversions (if simulated) 
can augment total export, as constrained by the physical 
pumping limits specified in the monthly pumping matrix. 

In addition to these permitted Delta export pumping 
capacities, the 1995 WQCP sets monthly export pumping 
limits for the CVP and SWP pumping plants as a speci­
fied fraction ofDelta inflow. These export pumping limit 
fractions are specified in another DeltaSOS input matrix. 
The February fraction of0.35 is increased to 0.45 ifthe 
January runoff value is less than I MAF. These "percent 
of inflow" criteria are an additional constraint on pump­
ing; often Delta outflow requirements or permitted pump­
ing capacity will limit exports to less than the allowable 
percent of inflow. A sixth column is used to specify the 
allowable export fraction for discharges made from the 
in-Delta storage facilities for export. 

The WQCP places additional limits on pumping 
during a 30-day April-May pulse-flow period. During 
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this period, the maximum export pumping is limited to 
the San Joaquin River inflow. In DeltaSOS simulations, 
it is assumed that the pulse flow is split equally between 
April and May. The pulse flow, as specified in the 
Vernalis flow input matrix, controls pumping during half 
of April and May. Pumping during the other half of April 
and May is limited to 35% of Delta inflow. DeltaSOS 
splits the monthly San Joaquin River inflow into the pulse 
flow and base flow for estimating allowable exports and 
available water for diversions to in-Delta storage. 

Operation of the Suisun Marsh 
Salinity Control Gate 

The Suisun Marsh salinity control gate was con­
structed to maintain more suitable salinity in Suisun 
Marsh by allowing diversion of Sacramento River flow 
into the marsh on ebb tide and blocking movement of 
water from the marsh to the Sacramento River during 
flood tide. This tidal gate operation scheme produces a 
net flow into Montezuma Slough from the Sacramento 
River at Collinsville. In the DeltaSOS input standards 
matrix, the user specifies whether the gate is operating 
( 1 = operating) each month of each year type. 

DeltaSOS estimates net flow through Montezuma 
Slough as a fimction of total Delta outflow at Collinsville, 
based on results from the RMA Delta hydrodynamic 
model. The RMA Delta model indicates that approxi­
mately 2% of total Delta outflow at Collinsville enters 
Suistm Marsh through Montezuma Slough when the gates 
are open (i.e., not operating) throughout the tidal cycle. 
The RMA hydrodynamic model results indicate that when 
the Suisun Marsh salinity control gate is operated, a net 
flow of about 2,200 cfs plus 0.5% of total Delta outflow 
enter Suisun Marsh through Montezuma Slough. This 
net Montezuma Slough flow can be a significant portion 
of total Delta outflow at relatively low outflow values. 

The Delta salinity effects of the diversion of Delta 
outflow into Montezuma Slough have not been estimated. 
With regard to salinity COQtrol at Chipps Island, DWR 
estimates that the effective diversion of outflow through 
Montezuma Slough may only be 15% of the actual diver­
sion, because most of the diversion flow returns as out­
flow into Suisun Bay (Russell pers. comm.). 

DeltaSOS allows an effective Montezuma Slough 
diversion fraction to be specified by the user. DeltaSOS 
also provides a switch to allow Montezuma Slough 
diversions to be reduced if an outflow deficit is calcu­
lated, thus preventing diversions of Delta outflow to 
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Montezuma Slough from causing a potential Delta 
outflow deficit. 

In-Delta Storage Facility 

DeltaSOS simulates the possible operations of in­
Delta water storage facilities that would be operated to 
divert excess Delta inflows to temporary or seasonal stor­
age in the Delta, and to then discharge the stored water 
for Delta outflow or for export during periods with avail­
able CVP or SWP pumping capacity. 

DeltaSOS requires five input matrices to simulate 
possible operations of an in-Delta storage facility. The 
first matrix specifies the maximum end-of-month storage 
volume (in units of thousands of acre-feet [TAF]). This 
matrix can be used to specify seasonal as well as year­
round storage volumes for each water-year type. 

A second input matrix specifies the monthly assumed 
evaporation losses from the storage facility (TAF units). 
The matrix specifies the assumed monthly reductions in 
Delta channel depletion that result from conversion of 
Delta islands from agricultural production to a water 
storage facility. Anticipated adjustments in Delta water 
use patterns, such as addition of seasonal wetland flood­
ing, are also specified in this column. 

A third input matrix is used to specify the maximum 
average monthly diversion rate (cfs units) when storage 
capacity and available Delta inflow exist. (Water allow­
able for export under the 1995 WQCP is the lesser of the 
amount specified by the export limits [under the "percent 
of inflow" criterion] and the amount remaining after out­
flow requirements have been satisfied. Available inflow 
[inflow available for diversion] is any portion of allow­
able export that cannot be pumped with the permitted 
CVP and SWP pumping rate.) DeltaSOS uses a separate 
monthly column of parameters to specify the fraction of 
calculated available Delta inflow that can be diverted to 
the simulated in-Delta storage facility, with a specified 
minimum excess Delta inflow that acts as a buffer for 
Delta storage operations. 

The fourth input matrix for in-Delta storage facility 
operations specifies the maximum monthly discharge 
rate. Discharge from Delta storage could be used for 
increasing Delta outflow or for increasing Delta export 
pumping. DeltaSOS calculates discharge from storage 
for Delta export according to the specified DeltaSOS 
parameters. 
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The flfth input matrix for in-Delta storage facility 
operations specifies any required discharge for Delta out­
flow. If storage is available, this specifled release is 
required before DeltaSOS allows any export of the water 
from the in-Delta storage facility. 

CALCULATEDEFFECTSOFDELTA 
STANDARDS ON DELTA 

OPERATIONS 

DeltaSOS tests each input matrix against calculated 
Delta channel flows for each month of the simulation 
period. If a specifled standard is not satisfied, some 
action within the Delta would be required to meet the 
specifled standard. DeltaSOS identifles several options 
for satisfYing the specifled standards if they are not met. 
DeltaSOS then calculates the incremental effects of each 
specifled standard on Delta conditions. 

The following sections describe the possible options 
in DeltaSOS for satisfying Delta standards and calcula­
ting the resulting incremental effects for each standard. 
Each output column in DeltaSOS is described. Table 
A2-3 provides a summary description of each DeltaSOS 
input and output variable. 

Freeport Inflows 

Freeport minimum flows are used to specifY required 
flows to assist the migration of salmon and the transport 
of striped bass eggs and larvae. The only realistic way to 
provide these flows, when they do not occur naturally 
from storm runoff, is to increase upstream reservoir 
releases. DeltaSOS calculates the increase in the initial 
Sacramento River inflow that would be needed to provide 
the specifled Freeport flows. The flow requirement, the 
incremental flow needed to satisfy the requirement, and 
the resulting Sacramento flow are reported in DeltaSOS 
output columns. 

DeltaSOS itself does not simulate upstream reservoir 
storage and releases and does not adjust subsequent Delta 
inflows. Therefore, the increased inflows calculated by 
DeltaSOS are, in a sense, "imaginary water". As long as 
the required additional inflows are relatively small, how­
ever, additional inflows to satisfy flushing-flow require­
ments can likely be provided by modifled upstream reser­
voir storage operations. 
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IfDeltaSOS uses a planning model simulation that 
already includes these specifled Sacramento flows in its 
initial Delta water budget, ftuther adjustment in the 
Sacramento River inflow values will not be needed. If 
such a planning model simulation is not available, 
DeltaSOS provides a tool for estimating the magnitude of 
various potential flushing-flow requirements at Freeport. 

Hood Divenions and Transfer 
Facility Operation 

ln DeltaSOS simulations, potential diversions from 
the Sacramento River at Hood can be limited by four 
operational constraints. Because diversions at Hood 
would reduce Sacramento River flow downstream, diver­
sions from the Sacramento River into Sutter and Steam­
boat Sloughs, diversions into the DCC and Georgiana 
Slough, and Rio Vista flows would be reduced. Hood 
diversions, Sacramento River flow below the Hood diver­
sions, and releases of Hood diversions back to the Delta 
are reported in DeltaSOS output columns. 

Sacramento River Divenions to 
Steamboat and Sutter Sloughs, 

the DCC, and Georgiana Slough 

Once DeltaSOS detennines the DCC and Georgiana 
Slough gate status according to the gate control input 
matrices, DeltaSOS calculates Steamboat and Sutter 
Slough diversions, DCC flow, and DCC plus Georgiana 
Slough flow to the central Delta. The Steamboat and 
Sutter Slough, DCC, and Georgiana Slough channel flow 
calculations in DeltaSOS are based on results from the 
RMA Delta hydrodynamic model that show the division 
of flow from the Sacramento River to these side channels. 
The flow splits used in DeltaSOS are similar but not 
identical to the linear estimates used in DA YFLOW for 
the DCC and Georgiana Slough. 

Rio Vista Minimum Flows 

DeltaSOS calculates the Sacramento River flow at 
Rio Vista as the Sacramento River flow not diverted at 
Hood (if simulated) and not diverted into the DCC and 
Georgiana Slough, plus inflow from the Yolo Bypass. 
Diversions into Sutter and Steamboat Sloughs reenter the 
Sacramento River at Rio Vista. If the Rio Vista flow 
standard is not satisfied and the DCC is not already 
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closed, DeltaSOS reduces the estimated DCC flow to 
increase the flow remaining in the Sacramento River. 
Because of the hydraulic relationship between DCC and 
Georgiana Slough flows, however, the DCC reduction 
must be greater than the required Rio Vista increase. 
Because Georgiana Slough diverts about 25% of Sacra­
mento River flow, approximately 25% of the DCC diver­
sion reduction will be diverted into Georgiana Slough. 
Calculated DCC reductions are reported in an output 
column along with the Rio Vista flows. 

If a flow deficit remains at Rio Vista with the DCC 
closed, DeltaSOS does not further increase Sacramento 
River inflows. The Rio Vista flow deficit is reported as 
a separate column in the simulation results and could be 
used to adjust the Sacramento River inflow. The effects 
of operation of a potential Georgiana Slough gate can be 
simulated by changing the input matrix for the simulated 
Georgiana Slough gate. If the Rio Vista flow deficits are 
large, however, use of an initial water budget based on 
another planning model simulation may be required to 
better satisfy the specified Rio Vista flow standards. 

Vernalis Inflows 

Additional inflow that may be needed to satisfy the 
D-1422 IDS standard of 500 mgll, additional EC stand­
ards, or flushing-flow requirements will have to be re­
leased from upstream reservoirs. The Vernalis flow 
requirement, the incr:emental increase in the initial San 
Joaquin River inflow needed to satisfY the requirement, 
and the resulting Vernalis flow are reported in DeltaSOS 
output columns. 

Because DeltaSOS cannot simulate changes in up­
stream reservoir storage and cannot adjust subsequent 
San Joaquin River inflows, DeltaSOS is required to 
simulate "imaginacywater". Use of an initial Delta water 
budget for DeltaSOS based on a planning model simu­
lation that already includes these specified Vernalis flows 
will avoid further adjustment in the San Joaquin River 
inflow values. 

QWESTFlows 

DeltaSOS estimates initial QWEST flow after the 
adjusted DCC and Georgiana Slough flows have been 
calculated. QWEST as estimated in DA YFLOW is equal 
to the swn of the flows in the San Joaquin River, the east­
side streams, the DCC, and Georgiana Slough; minus the 
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SWP and CVP exports and CCWD diversions; and minus 
about 65% of the estimated Delta channel depletions. If 
DeltaSOS simulates Hood diversions, those diversions 
may also change QWEST values by reducing DCC and 
Georgiana Slough diversions, reducing direct exports, 
and releasing water to southern Delta channels. The 
initial QWEST flow and the QWEST requirement are 
reported in DeltaSOS output columns. 

If DeltaSOS estimates the QWEST flow to exceed 
the minimum monthly QWEST standard, no adjustments 
are required. If the QWEST estimate is less than the 
QWEST standard, however, DeltaSOS calculates the 
export pumping reduction required to satisfy the QWEST 
minimum flow for each month and reports these reduc­
tions in an output column. A combination of DCC 
closure requirements and relatively high QWEST limits 
could result in large export pumping reductions. 

Delta Outflow 

DeltaSOS calculates the total Delta outflow at 
Collinsville, recognizing export reductions resulting from 
specified QWEST standards. The net effective diversion 
through the Suisun Marsh salinity control gate into 
Montezuma Slough is estimated from the total Delta out­
flow at Collinsville. Remaining Delta outflow at Chipps 
Island is calculated as the difference. DeltaSOS then 
compares the outflow past Collinsville or Chipps Island 
with the applicable minimum outflow standard. The 
minimum required outflow consists of a combination of 
the monthly standard matrix, calculations using the 
OUTQ matrix, and the X2-position standards for estuar­
ine habitat. The initial Collinsville and Chipps Island 
outflow, along with the required Delta outflow, are 
reported as DeltaSOS output columns. 

When calculated outflow is less than the required 
minimum value, DeltaSOS provides two options for 
satisfYing the outflow deficits. The first option consists of 
modifYing the operation of the Suisun Marsh salinity con­
trol gate to increase Delta outflow if the specified outflow 
standard is to be met at Chipps Island. The second option 
is to reduce exports to a specified minimum value to 
provide greater Delta outflow. Both the revised Monte­
zuma Slough flow and reductions in export pumping for 
outflow are reported in DeltaSOS output columns. 

Outflow deficits may remain, especially if the speci­
fied outflow requirements differ greatly from those used 
in the initial water budget for DeltaSOS (e.g., from plan­
ning model results). The outflow deficit may also be 
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reduced by export pwnping limits. Any remaining out­
flow deficits are reported in a DeltaSOS output column. 

DeltaSOS ·cannot determine the ability of upstream 
reservoirs to supply the additional releases needed to 
satisfy remaining calculated outflow deficits. DeltaSOS 
can, however, evaluate the incremental requirements of 
various outflow standards. 

Export Pumping Adjustments 

DeltaSOS calculates the CVP and SWP export 
pumping limits as the combination of fixed pwnping 
limits, allowable increases in SWP pwnping of San Joa­
quin River inflow, and "percent of inflow" criteria. The 
1995 WQCP restrictions during the April-May San Joa­
quin River pulse-flow period are also calculated in 
DeltaS OS. If Hood diversions are simulated, the total 
export limits are considered to apply to direct export 
pumping from the southern Delta. The full specified 
export pwnping capacity is assumed to be available for 
total exports, the combination of direct pwnping and 
Hood diversions. The "percent of inflow" export limits 
and the export reductions needed to satisfy the combined 
pumping limits are repOOed in DeltaSOS output columns. 

DeltaSOS includes an option to increase initial 
export pwnping rates if available water can be exported 
within the specified pwnping limits. The possibility of 
increased export pwnping is based on assumptions that 
annual export demands are likely to be greater than 
amounts of water available for export in the future, and 
that south-of-Delta facilities needed to store exported 
water are likely to become available. 

DeltaSOS simulation of maximwn possible Delta 
exports is based on the asswnption that all available 
water within the specified export pwnping limits will be 
exported as long as QWEST and Delta outflow standards 
remain satisfied DeltaSOS reports the additional export 
of available water as positive values in the monthly net 
export change column ofDeltaSOS output. These simu­
lated maximwn possible exports may not be realistic 
during wet years if available south-of-Delta storage is full 
and full deliveries of water are being made. The direct 
export and total export (including Hood diversions) are 
reported in output columns. The revised QWEST flow 
and Delta outflow are reported as DeltaSOS columns. 

Simulating the export of all available water elimi­
nates the possibility of a new in-Delta storage facility 
diverting water that could have been pwnped by the CVP 
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or SWP pwnps, which have senior water rights. Delta­
SOS simulates the maximwn possible export pwnping 
within the specified standards and choices for reducing 
outflow deficits prior to allowing diversions to or dis­
charges from an in-Delta storage facility for export. 

The planning models may simulate increased re­
quired Delta outflow with asswned carriage water 
requirements needed to satisfy export salinity standards. 
Carriage water estimates may limit the increased allow­
able export pumping. The following section explains the 
DWR ciuriage water calculations. 

.Carriage Water Calculations 

Carriage water is a concept traditionally used to 
represent additional Delta outflow required to maintain 
acceptable chloride concentrations in export water as 
Delta exports are increased. With relatively low San 
Joaquin and eastside stream inflow, Sacramento River 
inflow must be increased to supply increased exports and 
maintain the required Delta outflow. 

Flow is transported along three pathways from the 
Sacramento River to supply increased export pwnping. 
Some of the Sacramento flow is diverted into the DCC 
and Georgiana Slough. For example, the following is 
DWR's DA YFLOW equation with the DCC represented 
as open: 

DCC and Georgiana Slough flow (cfs) 
= 2,090 + 0.293 • Freeport flow (cfs) 

The remaining Sacramento River flow at Rio Vista 
is therefore: 

Rio Vista flow (cfs) = 0.707 
• Freeport flow (cfs)- 2,090 

Similar equations are used by DWR when the DCC 
is closed; less water is diverted from the Sacramento 
River when the DCC is closed: 

and 

Georgiana Slough flow (cfs) 
= 829 + 0.133 • Freeport flow (cfs) 

Rio Vista flow (cfs) 
= 0.867 • Freeport flow (cfs)- 829 
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Increased export pumping that is not supplied from 
the DCC and Georgiana Slough must enter the central 
Delta from the Sacramento River through Threemile 
Slough or from the lower San Joaquin River channel as 
reversed flow from Antioch. This required flow is 
referred to as reverse QWEST flow needed to supply the 
exports. 

DWR carriage water calculations are based on the 
assumption that 800/o of the required reverse QWEST 
flow comes from Antioch while 200/o comes through 
Threemile Slough (DWR 1987). The RMA Delta hydro­
dynamic model results indicate, however, that Threemile 
Slough flow is more accurately described by the follow­
ing equation: 

Threemile Slough flow (cfs) 
= 0.23 • Rio Vista flow- 0.31 • QWEST 

The assumed hydraulic behavior of Threemile Slough 
flow is an important aspect ofDWR's carriage water cal­
culations. The UVM recently installed by USGS in 
Threemile Slough will soon provide a continuous record 
of tidal flows, so that net flow can be estimated directly. 
In the meantime, available results from the RMA Delta 
model are considered reliable because they are based on 
measured channel geometry and friction coefficients that 
have generally accepted values. Similar results are 
obtained from the Fischer Delta Model (Denton pers. 
comm.). 

DWR estimates that carriage water may be required 
whenever QWEST is negative. As exports are increased, 
a larger fraction of exports must be supplied from the 
vicinity of Antioch or Emmaton, with the possibility that 
the salinity of exports will be higher than that of Sacra­
mento River diversions to the DCC and Georgiana 
Slough. The RMA model results indicate that Threemile 
Slough flow may, however, supply the entire reversed 
QWEST flow without any reversed flow between Antioch 
and Jersey Point. 

The relationship between monthly average CCWD 
chloride concentration measurements and effective Delta 
outflow is well described" with a negative exponential 
equation (Denton 1993). The effective outflow is a rela­
tively simple way to include the effects of antecedent 
(previous) outflow conditions, similar to the G-model 
described by CCWD (1994 ). This month's effective out­
flow can be estimated as a fimction of this month's out­
flow and last month's effective outflow: 

Effective outflow (cfs) =EO (previous month) 
+(outflow [cfs]- EO) (1 - exp [-E0/15,000]) 
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The monthly CCWD intake chloride data can be 
summarized as follows: 

CCWD intake c1· (mg/1) = 1 ,667 
• exp (-.0005 • EO)+ 15 

The observed CCWD chloride data, as summarized 
by this equation, indicate that the effective Delta outflow 
must be maintained at about 4,000 cfs throughout the 
year to satisfY the 250-mg/1 chloride standard, with a 
variable number of months of 5 ,000-cfs outflow required 
to satistY the ISO mg/1 chloride requirements in the 1995 
WQCP. These estimates are much lower than the "car­
riage water" requirements currently calculated by DWR­
SIM, and do not increase with pumping or with negative 
QWEST flows. DeltaSOS can assume any specified 
fraction ofDWR-estimated carriage water requirements, 
which are included as DeltaSOS inputs. 

Available Flow for In-Delta 
Diversions 

Once the adjustments in direct exports have been 
calculated, DeltaSOS calculates the available water for 
possible diversion to an in-Delta storage facility. Avail­
able water is calculated as the allowable export deter­
mined using the "percent of Delta inflow" criterion that is 
not needed to satisfY outflow requirements or QWEST 
standards and that cannot be pumped at the SWP and 
CVP pumping plants because of pumping rate limits. 
The available water for diversion is calculated as the 
minimum of excess Delta outflow, excess QWEST flow, 
and excess allowable export according to the "percent of 
inflow" and San Joaquin River pulse-flow restrictiops. 
The available water for diversion is reported as a Delta­
SOS output column. 

In-Delta Storage Facility 
Operation 

DeltaSOS calculates the operation of an in-Delta 
storage facility according to the control input matrices 
described above. The possible diversions to increase 
storage are limited by the available flow for diversion, the 
remaining in-Delta storage capacity, and the specified 
maximum diversion rate. 

The possible discharges for export pumping are 
limited by the available in-Delta storage, the specified 
discharge flow capacity, the aqueduct conveyance 
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capacity that can be specified in the DeltaSOS inputs, and 
the selected options for calculating allowable export of 
in-Delta storage discharges. 

The possible discharges for Delta outflow are simu­
lated according to the specified input matrix controlling 
releases for outflow, and the selected options for calcu­
lating allowable exp00 of the in-Delta storage discharges, 
which may require additional releases for outflow. 

DeltaSOS reports end-of-month storage (T AF), 
diversions, discharges for export, and discharges for out­
flow in output columns. Final total export, QWEST flow, 
and Delta outflow are reported as output columns. The 
DeltaSOS flow estimates for Threemile Slough, Antioch, 
and head of Old River diversions from the San Joaquin 
River and the combined Old River and Middle River 
flows are also given as output columns. The final output 
columns of DeltaSOS provide calculations of the X2 
position (km) and estimated Delta export chloride 
concentration (mg/1). 
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Table A2-l. DeltaSOS User-Defined Standards for the 1995 WQCP 

Minimum required Sacramento River flow at Freeport (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Sep 0 0 0 0 0 

Sacramento River trigger for the Delta Cross Channel (cfs) (closed if Sac flow below Hood>value) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 25,000 25,000 25,000 25,000 25,000 
Nov 0 0 0 0 0 Half-time 
Dec 0 0 0 0 0 Half-time 
Jan 0 0 0 0 0 Half-time 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 25,000 25,000 25,000 25,000 25,000 
Jul 25,000 25,000 25,000 25,000 25,000 
Aug 25,000 25,000 25,000 25,000 25,000 
Se 25,000 25,000 25,000 25,000 25,000 

Minimum Rio Vista flow (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 4,000 4,000 4,000 4,000 3,000 
Nov 4,500 4,500 4,500 4,500 3,500 
Dec 4,500 4,500 4,500 4,500 3,500 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 3,000 3,000 3,000 3,000 3,000 

Minimum QWEST flow (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct (15,000) (15,000) (15,000) (15,000) (15,000) 
Nov {15,000) (15,000) (15,000) {15,000) (15,000) 
Dec (15,000) (15,000) (15,000) (15,000) (15,000) 
Jan (15,000) {15,000) {15,000) {15,000) (15,000) 
Feb (15,000) (15,000) (15,000) 

. 
(15,000) (15,000) 

Mar (15,000) (15,000) (15,000) {15,000) (15,000) 
Apr (15,000) (15,000) (15,000) {15,000) (15,000) 
May (15,000) (15,000) (15,000) (15,000) (15,000) 
Jun (15,000) (15,000) (15,000) {15,000) (15,000) 
Jul (15,000) (15,000) (15,000) (15,000) (15,000) 
Aug {15,000) {15,000) (15,000) (15,000) (15,000) 
Se 15,000 15,000 15,000 15,000 15,000 



Table A2-1. Continued 

Minimum San Joaquin River flow at Vernalis (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

7,330 5,730 4,620 4,020 3,110 Pulse-flow requirements 
Oct 1,500 1,500 1,500 1,500 1.000 
Nov 900 900 900 900 900 
Dec 900 900 900 900 900 
Jan 900 900 900 900 900 
Feb 2,130 2,130 1,420 1,420 900 
Mar 2,130 2,130 1,420 1,420 900 
Apr 2,130 2,130 1,420 1,542 900 
May 2,130 2,130 1,420 1,420 900 
Jun 2,130 2,130 1,420 1,420 900 
Jul 900 900 900 900 900 
Aug 900 900 900 900 900 
Sep 900 900 900 900 900 

1,290 1,290 860 860 430 Additional flow if X2<Chi s 

Maximum percentage of San Joaquin River flow available for SWP export (%) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 17 17 17 17 17 
Jan 33 33 33 33 33 
Feb 33 33 33 33 33 
Mar 17 17 17 17 17 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

San Joaquin River trigger for Old River gates (cfs) (open if SJR flow at Vernalis> value) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 10,000 10,000 10,000 10,000 10,000 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 10,000 10,000 10,000 10,000 10,000 
May 10,000 10,000 10,000 10,000 10,000 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

Minimum Delta outflow (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 4,000 4,000 4,000 4,000 3,000 
Nov 4,500 4,500 4,500 4,500 3,500 
Dec 4,500 4,500 4,500 4,500 3,500 
Jan 4,500 4,500 4,500 4,500 4,500 
Feb 7,100 1,100 7,100 7,100 7,100 
Mar 7,100 7,100 7,100 7,100 7,100 
Apr 7,580 7,580 7,580 7,580 7,100 
May 7,580 7,580 7,580 7,580 4,000 
Jun 7,580 7,580 6,845 6,120 4,000 
Jul 8,000 8,000 6,500 5,000 4,000 
Aug 4,000 4,000 4,000 3,500 3,500 
Se 3,000 3,000 3,000 3,000 3,000 



Table A2-l. Continued 

Maximum Delta export {cfs) 

Above Below ow Assumed 
Wet Normal Normal D~ Critical Exem~tion Capaci~ 

Oct 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Nov 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Dec 10,880 10,880 10,880 10,880 10,880 10,880 11,700 
Jan 10,880 10,880 10,880 10,880 10,880 10,880 12,700 
Feb 10,880 10,880 10,880 10,880 10,880 10,880 12,700 
Mar 10,880 10,880 10,880 10,880 10,880 10,880 11,700 
Apr 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
May 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Jun 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Jul 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Aug 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Se 11,280 11,280 11,280 11,280 11,280 11,280 11,280 

Maximum percentage of inflow available for export (%) 

Above Below 
Wet Normal Normal D~ Critical ow 

Oct 65 65 65 65 65 65 
Nov 65 65 65 65 65 65 
Dec 65 65 65 65 65 65 
Jan 65 65 65 65 65 65 
Feb 35 35 35 35 35 35 
Mar 35 35 35 35 35 35 
Apr 35 35 35 35 35 35 
May 35 35 35 35 35 35 
Jun 35 35 35 35 35 35 
Jul 65 65 65 65 65 65 
Aug 65 65 65 65 65 65 
Se 65 65 65 65 65 65 

Status of Suisun Marsh salinity control gates (0 = open, 1 = operating) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 1 1 1 1 1 
Nov 1 1 1 1 1 
Dec 1 1 1 1 1 
Jan 1 1 1 1 1 
Feb 1 1 1 1 1 
Mar 1 1 1 1 1 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

Maximum capacity of in-Delta storage facility (TAF) 

Above Below 
/ 

2-lsland 4-lsland 
Wet Normal Normal Dry Critical Evaporation Evaporation 

Oct 238 238 238 238 238 3.3 6.5 
Nov 238 238 238 238 238 1.5 3.0 
Dec 238 238 238 238 238 0.8 1.6 
Jan 238 238 238 238 238 0.9 1.8 
Feb 238 238 238 238 238 1.7 3.4 
Mar 238 238 238 238 238 3.0 6.0 
Apr 238 238 238 238 238 4.5 9.0 
May 238 238 238 238 238 6.1 12.2 

\_ Jun 238 238 238 238 238 7.0 14.0 
'--~-.: .· Jul 238 238 238 238 238 8.0 16.0 

Aug 238 238 238 238 238 7.1 14.2 
s~ 238 238 -238 238 238 5.2 10.4 



Table A2-1. Continued 

Evaporation from in-Delta storage facility (TAF) 

Above Below NetCU 2-lsland 4-lsland 
Wet Normal Normal Dry Critical Reductions NetCU NetCU 

Oct 3.3 3.3 3.3 3.3 3.3 0.0 -0.6 2.5 
Nov 1.5 1.5 1.5 1.5 1.5 0.0 -0.7 1.8 
Dec 0.8 0.8 0.8 0.8 0.8 0.0 -1.3 0.9 
Jan 0.9 0.9 0.9 0.9 0.9 0.0 0.9 1.1 
Feb 1.7 1.7 1.7 1.7 1.7 0.0 1.3 2.3 
Mar 3.0 3.0 3.0 3.0 3.0 0.0 4.5 3.4 
Apr 4.5 4.5 4.5 4.5 4.5 0.0 3.0 4.4 
May 6.1 6.1 6.1 6.1 6.1 0.0 3.7 6.2 
Jun 7.0 7.0 7.0 7.0 7.0 0.0 4.1 7.8 
Jul 8.0 8.0 8.0 8.0 8.0 0.0 4.8 9.2 
Aug 7.1 7.1 7.1 7.1 7.1 0.0 3.7 7.1 
Sep 5.2 5.2 5.2 5.2 5.2 0.0 1.5 4.1 

Maximum diversion to in-Delta storage facility (cfs) 

Required Required 
Above Below Delta QWEST 

Wet Normal Normal D~ Critical Outflow A ow 

Oct 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Nov 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Dec 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jan 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Feb 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Mar 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Apr 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
May 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jun 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jul 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Aug 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Se 4,000 4,000 4,000 4,000 4,000 3,000 15,000 

Maximum discharge from in-Delta storage facility {cfs) 

Required Required 
Above Below Delta QWEST 

Wet Normal Normal D~ Critical Outflow A ow 

Oct 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Nov 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Dec 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jan 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Feb 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Mar 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Apr 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
May 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jun 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jul 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Aug 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Se 4,000 4,000 4,000 4,000 4,000 3,000 15,000 

Discharge to outflow from in-Delta storage facility {cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 
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Table A2-2. Delta Outflow Requirements under the 1995 WQCP Estuarine Salinity Standards 

A. Previous Month's X2 Upstream of Roe Island Trigger Position B. Previous Month's X2 Downstream of Roe Island Trigger Position 

McmJhiY .. 
e., River·.·._ .. ·. 

•••...•. · M~othly 
<.: .• ......... ... . ·· .· ... . .... 

) ~,:..Riv~ 
.··········.·•·• . 

OuUJow (cfs) 
lnde)(• 
(fAF) 

· . .:··· ... ··>·· .:.:.• •• ···:· I•·• 

·· · IndeX~< 
••••••••. ••••.•••. '-Jan 

·• .(TAF).> Feb Mat Apr May Jun -._ .... ... 
0 4,500 7,100 7,100 7,100 7,100 7,100 0 4,500 7,100 7,100 7,100 7,100 7,100 

250 4,500 7,100 7,100 7,100 7,100 7,100 250 4,500 7,889 7,100 7,100 7,100 7,100 
500 4,500 11,400 7,100 7,100 7,100 7,100 500 4,500 10,257 7,813 7,100 7,100 7,100 
750 4,500 11,400 7,100 7,100 7,100 7,100 750 4,500 13,414 8,526 7,100 7,100 7,100 

1,000 6,000 11,400 8,765 7,387 7,100 7,100 1,000 6,000 19,029 11,061 7,387 7,100 7,100 
1,250 6,000 11,400 11,400 7,960 7,100 7,100 1,250 6,000 20,936 14,845 8,553 7,100 7,100 
1,500 6,000 11,400 11,400 8,963 7,100 7,100 1,500 6,000 22,843 16,568 9,557 7,100 7,100 
1,750' 6,000 11,400 11,400 9,967 7,100 7,100 1,750 6,000 24,114 18,290 11,153 7,100 7,100 
2,000 6,000 11,400 11,400 10,683 7,239 7,100 2,000 6,000 24,750 20,013 13,057 7,239 7,100 
2,250 6,000 11,400 11,400 10,970 7,516 7,100 2,250 6,000 25,386 21 '161 13,937 8,090 7,100 
2,500 6,000 11,400 11,400 11,257 8,626 7,243 2,500 6,000 26,021 22,310 16,003 9,200 7,243 
2,750 6,000 11,400 11,400 11,257 9,874 7,387 2,750 6,000 26,657 23,458 17,190 11,023 7,387 
3,000 6,000 11,400 11,400 11,400 10,845 7,673 3,000 6,000 27,293 24,606 18,520 13,142 7,6731 
3,250 6,000 11,400 11,400 11,400 11 '123 8,247 3,250 6,000 27,293 25,181 19,707 14,568 8,247 
3,500 6,000 11,400 11,400 11,400 11,261 8,963 3,500 6,000 27,293 25,755 20,893 16,429 8,963 
3,750 6,000 11,400 11,400 11,400 11,400 9,680 3,750 6,000 27,929 26,329 22,080 18,290 9,680 
4,000 6,000 11,400 11,400 11,400 11,400 10,397 4,000 6,000 27,929 26,903 23,267 20,013 10,397 
4,250 6,000 11,400 11,400 11,400 11,400 10,683 
4,500 6,000 11,400 11,400 11,400 11,400 10,970 
4,750 6,000 11,400 11,400 11,400 11,400 11,113 

4,250 6,000 27,929 26,903 23,860 21,735 11,2771 
4,500 6,000 27,929 27,4n 25,047 23,458 12,157 
4,750 6,000 28,564 21.4n 25,640 24,606 12,893 

5,000 6,000 11,400 11,400 11,400 11,400 11,257 5;000 6,000 28,564 27,477 26,233 25,755 13,630 
5,250 6,000 11,400 11,400 11,400 11,400 11,257 5,250 6,000 28,564 28,052 26,233 26,329 14,817 
5,500 6,000 11,400 11,400 11,400 11,400 11,400 5,500 6,000 28,564 28,052 26,827 21.4n 16,740 
5,750 6,000 11,400 11,400 11,400 11,400 11,400 5,750 6,000 28,564 28,052 27,420 27,477 19,113 
6,000 6,000 11,400 11,400 11,400 11,400 11,400 6,000 6,000 28,564 28,052 27,420 28,052 20,893 
6,250 6,000 11,400 11,400 11,400 11,400 11,400 6,250 6,000 28,564 28,626 27,420 28,052 22,673 
6,500 6,000 11,400 11,400 11,400 11,400 11,400 
6,750 6,000 11,400 11,400 11,400 11,400 11,400 
7,000 6,000 11,400 11,400 11,400 11,400 11,400 

6,500 6,000 28,564 28,626 28,013 28,626 24,4531 
6,750 6,000 28,564 28,626 28,013 28,626 25,640 
7,000 6,000 28,564 28,626 28,013 28,626 26,827 

7,250 6,000 11,400 11,400 11,400 11,400 11,400 7,250 6,000 28,564 28,626 28,013 28,626 27,420 
7,500 6,000 11,400 11,400 11,400 11,400 11,400 7,500 6,000 28,564 28,626 28,607 28,626 28,013 
7,750 6,000 11,400 11,400 11,400 11,400 11,400 7,750 6,000 28,564 28,626 28,607 29,200 28,013 
8,000 6,000 11,400 11,400 11,400 11,400 11,400 8,000 6,000 28,564 28,626 28,607 29,200 28,607 
8,250 6,000 11,400 11,400 11,400 11,400 11,400 8,250 6,000 29,200 28,626 28,607 29,200 28,607 
8,500 6,000 11,400 11,400 11,400 11,400 11,400 8,500 6,000 29,200 28,626 28,607 29,200 28,607 
8,750 6,000 11,400 11,400 11,400 11,400 11,400 8,750 6,000 29,200 28,626 28,607 29,200 29,200 
9,000 6,000 11,400 11,400 11,400 11,400 11,400 9,000 6,000 29,200 28,626 28,607 29,200 29,200 
9,250 6,000 11,400 11,400 11,400 11,400 11,400 9,250 6,000 29,200 28,626 28,607 29,200 29,200 
9,500 6,000 11,400 11,400 11,400 11,400 11,400 9,500 6,000 29,200 29,200 28,607 29,200 29,200 
9,750 6,000 11,400 11,400 11,400 11,400 11,400 9,750 6,000 29,200 29,200 29,200 29,200 29,200 

10,000 6,000 11,400 11,400 11,400 11,400 11,400 10,000 6,000 29,200 29,200 29,200 29,200 ~.200 

8 Previous month's runoff volume from DWR's 8-River Index. 



Table A2-3. Summary Description ofDeltaSOS Model Input 
and Output Variables Page 1 of4 

Column Label 

Fixed Inputs 

Sacramento Valley Four-River 
Index (T AF) for previous 
month 

San Joaquin Valley Four-River 
Index (T AF) for previous 
month 

Central Valley Eight-River 
Index (T AF) for previous 
month 

Natural Delta (unimpaired) 
outflow estimate ( cfs) 

Initial Delta Water Budget Inputs 

Sacramento-River Basin year 
type 

Subnormal snowmelt 

San Joaquin River Basin year 
type 

SWP Banks and CVP Tracy 
Pumping Plants ( cfs) 

Sacramento River inflow (cfs) 

Yolo Bypass inflow (cfs) 

CCWD intake (cfs) 

Eastside inflow ( cfs) 

San Joaquin River inflow (cfs) 

Delta channel depletion (cfs) 

Delta outflow (cfs) 

Carriage water or required 
Delta outflow (cfs) 

Aqueduct wheeling capacity 
(cfs) 

Description 

Sum of unimpaired flows for Sacramento River at Bend Bridge and the 
Feather, Yuba, and American Rivers 

Sum of unimpaired flows for San Joaquin River at Friant Dam and the 
Merced, Tuolumne, and Stanislaus Rivers 

Sum of Sacramento Valley Four-River Index and San Joaquin Valley Four­
River Index 

DWR's estimate of unimpaired Delta outflow with no upstream storage or 
diversions 

Hydrologic classification for the water year; classified as wet (1 ), above 
normal (2), below normal (3), dry (4), or critical (5) based on annual 
Sacramento Valley unimpaired runoff for Sacramento River at Bend Bridge 
and the Feather, Yuba, and American Rivers 

A "1" denotes water year with subnormal snowmelt (D-1485 year-type 
classification) 

Hydrologic classification for the water year; classified as wet ( 1 ), above 
normal (2), below normal (3), dry (4), or critical (5) based on annual San 
Joaquin Valley unimpaired runoff for the San Joaquin River at Friant Dam and 
the Merced, Tuolumne, and Stanislaus Rivers 

Sum of Delta exports from SWP Banks and CVP Tracy Pumping Plants 

Sacramento River flow at Freeport 

Yolo Bypass flow to the Delta 

CCWD diversions from the Delta 

Sum of flows from the Mokelumne, Calaveras, and Cosumnes Rivers and 
miscellaneous streams to the Delta 

San Joaquin River at Vernalis 

Estimated evapotranspiration losses minus rainfall gains for Delta 

Total Delta outflow at confluence of Sacramento and San Joaquin Rivers 

Initial estimate of Delta outflow requirements in addition to those specified in 
Delta outflow standards 

Initial estimate of total available (unused) export aqueduct capacity 



Colwnn Label 

DeltaSOS Outputs 

DCC Status 

Required SAC flow 

Added SAC flow 

New SAC flow 

Required SJR flow 

Added SJR flow 

NewSJRflow 

Hood Diversion 

SAC below Hood Flow 

Hood Releases 

Steam & Sutter Flow 

DCC Rio Vista Reduction 

Revised DCC Flow 

Revised Georgiana & DCC 

Revised Rio Vista Flow 

Rio Vista Deficit 

QWEST wllnitial Export 

Required QWEST Flow 

Reduced Export for QWEST 

Initial Collinsville Outflow 

Initial Chipps Outflow 

Required Delta Outflow 

Table A2-3. Continued Page 2 of4 

Description 

A "I" denotes that the DCC gates are simulated to be open 

Freeport minimmn flow required to assist migration of salmon and the 
transport of striped bass eggs and larvae 

Additional Sacramento River flow required to meet specified Freeport 
standards 

The smn of input Sacramento River flow and any additional flow required to 
meet Freeport standards 

Vernalis flow required to satisfy salinity standard or flushing-flow 
requirements 

Additional San Joaquin River flow required to meet specified Vernalis 
standards 

The smn of the input San Joaquin River flow and any additional flow required 
to meet Vernalis standards 

Diversion from the Sacramento River at Hood specified by Hood diversion 
control matrices and also limited by Rio Vista and Delta outflow standards 

Sacramento River flow below the Hood diversion 

Required releases from the Hood diversion to the Mokelwnne and San 
Joaquin River channels 

Sacramento River diversion to Steamboat and Sutter Sloughs 

Reduction of DCC flow (DCC gates partially closed) to increase Sacramento 
River flow to meet Rio Vista standards 

Calculated DCC flow after any required closure to meet Rio Vista standards 

Combined DCC and Georgiana Slough flow calculated after revisions are 
made to DCC gate operation 

Sacramento River flow at Rio Vista, including Yolo Byp.ass inflow 

Remaining deficit between Rio Vista flow and specified standards 

Initial estimate of QWEST flow using calculated DCC & Georgiana flow and 
initial exports 

QWEST flow required by specified standards 

Required reduction of exports to meet specified QWEST standards 

Delta outflow at Collinsville adjusted for export reductions for QWEST 
standards 

Delta outflow at Collinsville minus calculated Montezuma Slough diversion 

Delta outflow required by specified standards 



Column Label 

Montezwna Flow 

Reduced Export for Outflow 

Export Pumping Limits 

Reduced Export for Limits 

Outflow Deficit 

Net Export Change 

Direct Export 

Total Export 

Revised QWEST Flow 

Revised Delta Outflow 

Available Flow 

Delta Storage (T AF) 

Delta Storage Diversion 

Delta Storage Export 

Delta Storage Outflow 

Final Total Export 

Final QWEST Flow 

Final Delta Outflow 

3-Mile Slough Flow 

Antioch Flow 

Old River Diversion Flow 

Old River & Middle River Flow 

X2 Salinity Position 

Table A2-3. Continued Page 3 of4 

Description 

Montezuma Slough flow, with reductions required to meet required Delta 
outflow 

Required reduction of exports to meet specified QWEST standards 

Maximum allowable export pumping limits, as controlled by fixed capacity 
limits and "percent of inflow" criteria, including San Joaquin River pulse-flow 
restrictions in the 1995 WQCP 

Required reduction of exports to meet specified export pumping limits 

Remaining deficient between Delta outflow and specified Delta outflow 
standards 

Net calculated change in exports to satisfy specified standards, including 
allowable increases to specified pumping capacity 

Calculated exports diverted from south Delta channels 

Calculated total exports, including direct export diversions and Hood 
diversions 

Revised QWEST flow, including all export adjustments 

Revised Delta outflow, including all export adjustments 

Possible DW diversions that would still meet QWEST and outflow standards 
within the "percent of inflow" criteria and San Joaquin River pulse-flow 
restrictions in the 1995 WQCP 

End-of-month storage of in-Delta storage facility (e.g., the DW project 
reservoir islands) 

Calculated diversions to in-Delta storage facility 

Calculated discharges from in-Delta storage facility for export at Delta export 
pumps 

Calculated discharges from in-Delta storage facility for Delta outflow 

Calculated total exports, including discharges for export from in-Delta storage 
facility 

Final QWEST flow, including in-Delta storage diversions and discharges for 
outflow 

Final Delta outflow, including in-Delta storage diversions and discharges for 
outflow 

Calculated Threemile Slough flow from Sacramento River to San Joaquin 
River 

Calculated San Joaquin River flow at Antioch 

Calculated head of Old River diversion from San Joaquin River 

Calculated flow in Old and Middle River channels, between San Joaquin 
River and export pumping plants 

Estimate of the 2-ppt salinity position (km), relative to the Golden Gate Bridge 



Column Label 

Export Chloride 

Table A2-3. Continued Page 4 of4 

Description 

Estimate of export chloride concentration (mg/1) obtained from DeltaSOS 
calculation of seawater intrusion 
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Appendix A3. DeltaSOS Simulations of the Delta Wetlands 
Project Alternatives 

SUMMARY 

This appendix describes simulations of the Delta Wetlands (DW) project alternatives and of the no-project condition 
representing the baseline with which DW project effects may be compared for impact assessment. Simulations for the DW 
alternatives and the No-Project Alternative were each peiformed with the Delta Standards and Operations Simulation 
(DeltaSOS) model using the objectives for Delta outflow and Delta export limits specified in the 1995 Water Quality 
Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (1995 WQCP). Simulations were 
peiformed also for cumulative conditions; in addition to the 1995 WQCP objectives, these simulations allow for exports 
at full capacity at the State Water Project (SWP) Banks Pumping Plant. 

The appendix describes the initial Delta water budget for the DeltaSOS simulations, specifies DeltaSOS input 
parameters (switches) for the DW project simulations, and describes the DeltaSOS standard matrix values for the 
simulations. Results of the DeltaSOS simulations for the No-Project Alternative, the DW project alternatives (Alternatives 
1, 2, and 3), and cumulative conditions for the No-Project Alternative and the DW project alternatives are presented. 

INTRODUCTION 

The DeltaSOS model was used to simulate opera­
tions under each of the DW project alternatives (Alter­
natives 1, 2, and 3) for 'impact assessment purposes. The 
No-Project Alternative was also simulated with Delta­
SOS to provide a baseline condition, including the same 
Delta operating conditions, with which operations under 
each alternative could be compared. As described in 
Chapter 3, "Affected Environment and Environmental 
Consequences- Overview ofhnpact Analysis Approach", 
the simulations were performed based on the assumption 
that operations of the DW project and the No-Project 
Alternative would be consistent with the 1995 WQCP 
objectives for Delta outflow and Delta export limits and 
with current U.S. Army Corps of Engineers (Corps) 
limits on SWP pumping (6,680 cubic feet per second 
[cfs]). For assessment of cumulative impacts, DeltaSOS 
simulations were also performed for operations that 
would be consistent with the 1995 WQCP, but allowing 
for SWP export pumping at the full physical capacity of 
l 0,300 cfs for Banks Pumping Plant. 

Because the 70-year hydrologic record for the Delta 
is the best description of likely future hydrologic condi­
tions, hydrologic data from this record serve as the basis 

Delta Wetlands Draft EIR/EIS 

87-119EEIAPPD-A3 AJ-1 

of simulations of future Delta operations. The results of 
the simulations are therefore shown as corresponding to 
the water years of the hydrologic record ( 1922-1991) and 
represent estimates of operations under hydrologic con­
ditions replicating those of this period of record. 

The two following sections: 

• discuss the modeling assumptions for the Delta­
SOS simulations ofDW project effects and 

• describe and illustrate DeltaSOS simulation 
results for the No-Project Alternative and the 
DW project alternatives. 

DELTA CONDITIONS FOR THE 
SIMULATED NO-PROJECT 

ALTERNATIVE AND DW 
PROJECT ALTERNATIVES 

DeltaSOS simulations require an initial Delta water 
budget, user-specified input parameters (switches) that 
govern simulated Delta operations, and specified matrices 
of Delta standards. The reader is referred to Appendix 
AI for more infonnation on the initial Delta water budget 
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used for the DeltaSOS simulations. The user-defined 
switches and standard matrices are described in detail in 
Appendix 2, "DeltaSOS: Delta Standards and Opera­
tions Simulation Model". 

DWRSIM-Simulated Initial Delta 
Water Budget for DeltaSOS 

Simulation• 

The lead agencies for the DW project environmental 
impact report/environmental impact statement (EIR/EIS) 
determined that the simulations for the DW project im­
pact assessment should be performed assuming imple­
mentation of the 1995 WQCP objectives as interpreted 
by California Department ofWater Resources (DWR) for 
modeling the water supply effects of the WQCP using 
DWRSIM, DWR's Delta operations model. The lead 
agencies consider the DWRSIM results to be the best 
available representation oflikely future Delta conditions 
under the 1995 WQCP objectives. 

DWR ptrlonned the DWRSIM simulation of WQCP 
water supply effects, referred to as DWRSIM study 1995-
C6B-SWRCB-409, in January 1995. The results of this 
simulation were used for estimating the initial Delta water 
budget for DeltaSOS and evaluating water supply im­
pacts of the DW alternatives using the DeltaSOS model. 
The DWRSIM modeling assumptions necessary to 
Iep:tesent the 1995 WQCP objectives in a monthly water 
supply planning model have been described in California 
State Water Resources Control Board (SWRCB) (1995) 
and DWR (1995). Following are major DWRSIM 
assumptions for the 1995 WQCP simulations: 

• Upstream hydrology, depletions, and diversions 
were based on the 1995 level of development, 
as presented in DWR Bulletin 160-93, "Cali­
fornia Water Plan Update" (DWR 1994). See 
Appendix A I for more details. 

• Water-year classification was based on the "40-
30-30 Sacramento Valley Four-River Index" 
and the "60-20-20 S8n Joaquin Valley Four­
River Index". The outflow requirements during 
February-June depend on the previous month's 
"Eight-River Index" runoff volume. These 
water-year classification schemes are slightly 
different from those used for the standards 
specified in SWRCB's Water Right Decision 
1485 (D-1485), which established the Delta 
openting criteria in effect until approval of the 
WQCP. 
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• Delta outflow requirements were the combi­
nation of fixed monthly requirements, estuarine 
habitat requirements (expressed in terms of 
"X2", the position of the 2-parts-per-thousand 
[ppt] salinity gradient), and requirements for 
additional carriage water to satisfy the chloride 
objectives for Delta exports of 250 milligrams 
per liter (mg/1). Because the X2 requirements 
in the WQCP depend on the previous month's 
runoff, the required outflow must be calculated 
for each month. Minimum outflow objectives 
are maintained during low runoff periods. See 
Appendix A2 for more details. 

• The Central Valley Project (CVP) Delta export 
demand was assumed to be 3.15 million acre­
feet per year (MAFiyr), with 145 thousand acre­
feet per year (TAFiyr) in Contra Costa Water 
District (CCWD) diversions. However, these 
CVP demands were not always satisfied in drier 
years in DWRSIM simulations. The SWP 
Delta export demands were assumed to vary 
with Kern River runoff and Los Angeles rainfall 
conditions. The range of possible SWP export 
demands was 2.6-3.6 MAFiyr, with an average 
of 2.85 MAF!yr. The maximum combined 
Delta export demand of 6. 7 MAF lyr was speci­
fied in about 45% of simulated years. 

When hydrologic shortages were simulated 
along with these variable demands, DWRSIM 
estimated the SWP and CVP deliveries based 
on the terms of the Coordinated Operation 
Agreement (COA). The simulated average 
annual Delta export, based on these variable 
demands and hydrologic shortages, was 5. 7 
MAF/yr, with 2.8 MAF/yr simulated as SWP 
delivery and 2.9 MAF!yr simulated as CVP 
delivery. Because DeltaSOS does not separate 
CVP and SWP exports, the total for Delta 
exports was used for water supply impact 
assessment. 

• San Joaquin River inflows, estimated with 
another DWR model called ST ANSIM, met the 
WQCP Vernalis water quality objectives and 
the Vernalis pulse-flow objectives (with a 
maximum of 70 T AF lyr of releases in addition 
to the existing instream flow requirements). In 
some years of the simulations, the Vernalis 
pulse-flow objectives were satisfied with addi­
tional water from upstream tributaries (Tuo­
lumne and Merced Rivers). This additional San 
Joaquin River inflow averaged 72 TAF!yr but 
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was required in only a few years. See Appen­
dix A2 for more details on simulation of the 
pulse-flow requirements. 

• Combined SWP and CVP Delta exports were 
limited as specified in the WQCP to a percen­
tage of the simulated Delta river inflow (which 
does not include rainfall runoff). These percen­
tages are 35% in February-JWle, and 65% for 
the remainder of the year. The February per­
centage is 45% if the January Eight-River index 
is less than 1.0 MAF. Export pumping during 
the pulse-flow period was limited to the pulse 
flow during half of April and half of May. SWP 
pumping capacity was assumed to increase in 
December-March as allowed in the Corps per­
mit, whenever San Joaquin River flow exceeded 
1,000 cfs. See Appendix A2 for more details. 

• Several other modeling assumptions, such as 
carryover storage requirements, were used for 
these DWRSIM simulations of the 1995 
WQCP. These are not directly related to Delta 
operations and are considered to be accurate 
representations of current SWP and CVP oper­
ating constraints that are appropriate for simu­
lations of the DW project alternatives and the 
No-Project Alternative for impact assessment. 

Table A3-l shows the annual average values from 
the 70-year 1922-1991 hydrologic record for the initial 
Delta water budget terms as simulated by DWRSIM for 
the 1995 WQCP. Annual simulated values were com­
pared with historical data (Appendix A 1) and appear to 
provide a reasonably accurate representation of historical 
conditions. Simulated values match historical records 
most closely at the end of the historical period, when both 
development of facilities and level of demand appro­
ximated the simulated conditions. 

Monthly values simulated by DWRSIM for the 70-
year period of record were used as the initial Delta water 

. budget values for DeltaSOS simulations of the No­
Project Alternative and the pw project alternatives. The 
full range of historical variation in hydrologic conditions 
is therefore included in these DeltaSOS simulations. 

Table AJ-1 indicates that simulated SWP and CVP 
Delta export pumping averaged 5,712 TAF!yr over the 
70-year period, with an additional 146 T AF lyr of CCWD 
diversions. Simulated Sacramento River and Yolo By­
pass inflows averaged 15,998 TAF!yr and 2,118 TAF!yr, 
respectively. Eastside stream and San Joaquin River 
inflows averaged 835 T AF lyr and 2,401 T AF lyr, respec-
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tively. Delta depletion, together with North Bay Aque­
duct and City of Vallejo export pumping, averaged 
931 T AF !yr. Simulated Delta outflow averaged 14,562 
TAF!yr and DWRSIM-estimated outflow requirements 
averaged 5,802 TAF!yr. The historical records are . 
summarized in Table Al-l in Appendix AI for the 70-
year 1922-1991 period. The large year-to-year variations 
in hydrology are similar for the simulated and historical 
annual values. Simulated water resource operations have 
a greater effect on monthly values than on average annual 
values. 

User-Specified Input Parameten 
for DW Project Simulations 

Table AJ-2 identifies the choices for each DeltaSOS 
switch in the OW project simulations. These choices are 
explained in the following discussions. 

Hood Divenions to Exports? (O=No, l=Yes). 
This switch is set at 0 and the three Hood diversion 
control matrices are not used because there are no simu­
lated Hood diversions. 

Delta Standards Outflow Point. (O=Collinsville, 
I =Chipps Island). DeltaSOS simulations for DW pro­
ject impact assessments used Collinsville, upstream of the 
SuiSWl Marsh salinity control gate, as the Delta outflow 
control location so that potential effects of the gates on 
total outflow requirements could be disregarded. 

Add Carriage Water to Required Outflow? 
(O=No, l=Yes). DeltaSOS uses DWRSIM estimates of 
required Delta outflow (including all 1995 WQCP objec­
tives). DWRSIM simulations include a considerable 
8Il10Wlt of carriage water in addition to required monthly 
Delta outflow values to prevent salinity intrusion at the 
export locations in late summer and fall. DeltaSOS simu­
lations for the OW project impact assessment used the 
DWRSIM estimates of total required outflow that include 
carriage water and X2 requirements to prevent the car­
riage water inflow from being exported by the SWP or 
CVP pumps or diverted to the DW reservoir islands in 
the simulations and to prevent any difference between the 
estimates of X2 requirements. 

Include Channel Depletion in Inflow? (O=No, 
l=Yes). The 1995 WQCP uses only river inflows in the 
calculation of allowable exports, so this DeltaSOS switch 
is set to 0. 
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Open Montezuma Gates to Meet Outflow? 
(O=No, l=Yes). Because DeltaSOS simulations for DW 
project impact assessment used Collinsville as the Delta 
outflow control location, opening the Suisun Marsh salin­
ity control gate does not help meet outflow requirements 
in these simulations. Therefore, this switch is set to 0 for 
all DW simulations. 

Cut Pumping to Meet Outflow? (O=No, l=Yes). 
DeltaSOS simulations for DW project impact assessment 
set this switch to 1 as a way to meet Delta outflow 
requirements at Collinsville. However, because DWR­
SIM outflow requirements are used in DeltaSOS, no out­
flow adjustments are required. The user-specified mini­
mwn monthly pwnping during cutbacks was set at 1 ,500 
cfs for all DW project simulations, as specified in the 
1995 WQCP. 

Outflow Def'acit Limits Delta Storage Exports? 
(O=No, l=Yes). This switch is set to 0 for all DeltaSOS 
simulations for DW project impact assessment, allowing 
DW discharge water to be exported during any simulated 
periods of Delta outflow deficits. However, because 
there are no outflow deficits simulated, the switch has no 
effects on DW project simulations. 

Delta Storage Export Limit Exemption? (O=No, 
l=Yes). This switch is used to indicate whether DW 
project discharges are exempt from specified export 
pumping limits. This switch is set to 0 (no exemption) 
for DW simulations under 1995 WQCP objectives. 

SWP/CVPExportAUAvailable? (O=No, l=Yes). 
DeltaSOS can simulate an increase in Delta exports if 
simulated pwnping capacity remains within the specified 
export limits. The extra pumping is limited to water that 
is in excess of specified Delta outflow objectives. This 
switch is set to 1 for all DeltaSOS simulations of DW 
project alternatives. Therefore, DeltaSOS simulates all 
potential CVP and SWP pumping prior to estimating 
water available for DW diversion or pumping capacity 
available for export of DW discharges. The south-of­
Delta demands and storage capacity for water are not 
evaluated by DeltaSOS; simulated exports in some years 
will likely exceed the needs for water. 

This assumption of maximum CVP and SWP ex­
ports within the export limits specified in the 1995 
WQCP may cause DeltaSOS to simulate more Delta 
export than can be fully used in some years. However, 
this DeltaSOS assumption avoids the potent~al situation 
in which DW diversions and discharges would be simu­
lated to occur in the same month (water being discharged 
from storage from one island and being diverted to fill an 

Delta Wetlands Draft EIRIEIS 

87-119~PD-AJ A3-4 

empty reservoir island at the same time). It seems likely 
that in the event that more water were needed for south­
of-Delta beneficial uses than initially simulated with 
DWRSIM, additional SWP or CVP export pumping of 
available water in the Delta would occur prior to dis­
charge from DW storage for export pumping. Details of 
this DeltaSOS adjustment to DWRSIM-simulated ex­
ports are presented below under the discussion "Delta­
SOS Adjustments of DWRSIM-Simulated CVP and 
SWP Exports" in the section "DeltaSOS Simulation 
Results for the DW Project Alternatives". 

Limit Delta Storage Export to Percent of Inflow? 
(O=No, l=Yes). This switch is set to 1 for all DW alter­
natives. DW alternatives with DW exports not subject to 
the 1995 WQCP "percent inflow" limits and allowed up 
to the permitted pwnping rate (Alternatives 2 and 3) were 
simulated by changing the DW export "fraction of inflow" 
matrix values to 1.0. 

Effective Montezuma Diversion Factor. This 
factor governs the effective change in Delta outflow, rela­
tive to salinity control, of the diversions into Montezuma 
Slough when the Suisun Marsh salinity control gate is 
operating. This factor is set at 1.0 for DeltaSOS simu­
lations for DW project impact assessment. Because 
Collinsville is used as the Delta outflow control point for 
the DW simulations, this setting does not affect export 
pumping or outflow. 

Starting Month for Delta Outflow Restriction• 
(l=Oct) and Ending Month for Delta Outflow Re­
strictions (l=Oct). These switches are used to specify 
the control period for the OUTQ Delta outflow standards. 
These standards require specified flows for a specified 
nwnber of months within the control period, but they do 
not specify the individual months when the flows are 
required These switches are set at I and 12 but have no 
effect because the OUTQ matrix values are zero and the 
DWRSIM estimates of required Delta outflow are used in 
DeltaSOS. 

QWEST Estimated with Threemile Included? 
(O=No, l=Yes). All DeltaSOS simulations for DW 
project alternatives set this switch to 0 so that Threemile 
Slough flows are not includ~ in QWEST objectives. 
This switch has no effect because there are no QWEST 
objectives in the 1995 WQCP. 

Minimum San Joaquin River Flow for Extra 
SWP Pumping. The Corps permit for SWP export 
pwnping contains a provision allowing additional pump­
ing (greater than 6,680 cfs) using the four recently in­
stalled pumps whenever San Joaquin River inflow is 
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greater than 1,000 cfs during the period of December I 5 
to March I 5. This flow threshold applies to daily flows; 
however, DeltaSOS allows this threshold to be specified 
for monthly simulations, and DeltaSOS simulations for 
OW project impact assessments set the threshold at 1,000 
cfs. 

Minimum Pumping during Cutbacks. DeltaSOS 
simulations for OW project impact assessment used a 
minimwn export pwnping value of 1,500 cfs. This 
switch has no effect because there are no export reduc­
tions required in the DWRSIM initial estimates. 

Roe bland Outflow Trigger (km). This input is 
used to estimate the outflow requirements, which are 
increased if the previous end-of-month estimate of X2 is 
downstream of this specified location. This value has no 
effect because the DWRSIM estimates of outflow re­
quirements are used in DeltaSOS. 

Initial Xl Position. This corresponds to the X2 
position at the beginning of the simulation period (end of 
September 1921) because the X2 position is calculated 
as a sequence that depends on the previous month's value. 

Estimate Xl Outflow Requirements? (O=No, 
l=Yea). This switch is set to 0 for the OW simulations 
but can be used to allow rapid comparison ofDeltaSOS 
calculations of incremental X2 outflow requirements. 
This switch has no effect because DWRSIM estimates of 
outflow requirements are used for the OW alternatives. 

Monthly Minimums and Fractions of Available 
Water for DW Diversion. DeltaSOS estimates water 
available for OW diversion by calculating excess Delta 
outflow and excess QWEST flow. Monthly minimwns 
and fractions of excess flows can be specified in Delta­
SOS to limit OW project diversions to provide a buffer of · 
excess available flows. · 

A minimwn excess flow is not specified for simu­
lations of the OW project alternatives. Setting the month­
ly fractions of available water to 0 is the quickest method 
for simulating the No-PrQject Alternative because this 
will prevent any simulations of OW operations. (The 
reduction in consumptive use should be also changed to 
0 in the matrix for OW storage evaporation.) 
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DeltaSOS Standard Matrices for 
the DW Project Simulations 

DeltaSOS simulations also require as input specified 
standard matrices. Each of the required matrices to simu­
late the 1995 WQCP objectives is explained in Appen­
dix A2 and swnmarized here. 

Table A3-3 gives the Delta standard matrices used 
for simulating the OW project alternatives and the No­
Project Alternative with DeltaSOS, assuming 1995 
WQCP objectives. The first matrix ("Minimwn required 
Sacramento River flow at Freeport") is set to zero 
because no Sacramento River flushing flows are in­
cluded. 

The second matrix of Table A3-3 ("Sacramento 
River trigger for the Delta Cross Channel") indicates that 
the Delta Cross Channel (DCC) is closed from November 
to May for winter-run salmon protection and for flood 
control whenever Sacramento River inflow is greater than 
25,000 cfs. Minimwn Rio Vista flows are specified for 
September-December. 

The "Minimum QWEST flow" matrix of Table A3-3 
indicates that there are no QWEST flow objectives in the 
1995 WQCP, so the QWEST matrix values are -15,000 
cfs. 

The minimum San Joaquin River flows are devel­
oped from a combination of WQCP objectives. The 
Vernalis electrical conductivity (EC) objective is 0.7 
millisiemens per centimeter (mS/cm) in the April-August 
irrigation season and 1.0 mS/cm for the remainder of the 
year. The flow necessary to maintain these EC values can 
be approximated with a flow-EC regression using avail­
able EC and flow data; this has been simulated with 
DWR's STANSIM model and used in the DWRSIM 
results. The DeltaSOS minimwn of 900 cfs is consider­
ably less than the flows necessary to meet the EC objec­
tives and will therefore not cause any additional San 
Joaquin inflow adjustment to be made in DeltaSOS. The 
minimum February-June flow requirements depend on 
the San Joaquin Four-River Index year-type classifica­
tion. Whenever the monthly X2 is downstream of Chipps 
Island (11,400-cfs Delta outflow equivalent), theSe: 
required San Joaquin River flows are increased by the 
amount of flow given at the bottom of each year-type 
column (i.e., 1,290 cfs in wet and above-normal water 
years). The pulse-flow requirements in half of April and 
half of May depend on year type and are also incremented 
if the Delta outflow is sufficient to maintain X2 down­
stream of Chipps Island. 
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The allowable increase in SWP pumping capacity 
under the Corps pennit is simulated in DeltaSOS to 
match the DWRSIM assumptions. The monthly San 
Joaquin River flows increase the monthly SWP capacity 
by the percentage given in the matrix, 17% in December 
and March and 33% in January and February. The 
barrier at the head of Old River to protect migrating 
salmon is simulated to be closed in October and in April 
and May, as specified in the 1995 WQCP. 

The "Minimum Delta outflow" matrix of Table A3-3 
indicates that the Delta outflow matrices have been set to 
0 because the DWRSIM-simulated Delta outflow re­
quirements are being used directly in DeltaSOS (input as 
"carriage water" requirements). This avoids any conflicts 
between the variable X2 requirements and carriage water 
estimates that DWRSIM simulates and estimates that 
might be calculated in DeltaSOS. 

The combined Delta export capacity is assumed to 
be 11,280 cfs for April-November and to be reduced to 
10,880 cfs in December-March. However, as described 
above, San Joaquin River inflow can raise the combined 
capacity to 11,700 cfs in December and March, and to 
12,700 cfs in January and February, as assumed in 
DWRSIM The physical capacity of the combined pumps 
is actually 14,900 cfs dtning April-November and 14,500 
cfs during December-March. These maximum physical 
capacity limits were used in the simulations for cumu­
lative conditions, as described in a later section. 

The 1995 WQCP objectives limit SWP and CVP 
exports to a specified percentage of the Delta river 
inflows. These percentages (35% for February-June, 65% 
for the remaining months) do not depend on year type. 
The February percentage increases to 4 5% if the January 
Eight-River Index nmoffis less than 1.0 MAF. The sixth 
column is used to specify the percentages used for DW 
discharges for export. This column is the same as the 
SWP and CVP export percentages for some DW alter­
natives but is changed to l 00% to allow DW discharges 
for export to the pumping capacity. 

Montezwna Slough tidal ga1es are assumed to oper~ 
ate dtning October-March, with April and May gate oper­
ation eliminated because of concerns about winter-run 
salmon predation. 

Five matrices presented on the third and fourth pages 
of Table A3-3 specify operating parameters for in-Delta 
water storage used in simulating DW project alternatives, 
when appropriate. (These five matrices are ignored by 
DeltaSOS in simulating the No-Project Alternative.) The 
first in-Delta water storage control matrix specifies as-
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swned end-of-month reservoir storage capacities. Year­
round storage is assumed for all DW alternatives, so the 
value of 238 T AF for two reservoir islands or 406 T AF 
for maximum storage on four reservoirs is used. The next 
matrix specifies assumed monthly evaporation losses 
from the DW reservoir islands and assumed reductions in 
Delta consumptive use caused by forgoing irrigation of 
the DW islands (see Appendix A 1 ). The monthly diver­
sion rates, discharge rates, and required outflow release 
rates are specified in the final three DW control matrices. 

DELTASOS SIMULATION RESULTS 
FOR THE DW PROJECf 

ALTERNATIVES 

DeltaSOS simulation results for the No-Project 
Alternative and the DW project alternatives can be 
reviewed in detail in actual DeltaSOS model spreadsheets 
on a computer screen. Selected results are described and 
summarized in the following sections. These results 
allow comparison between each DW project alternative 
and the No-Project Alternative and are used for DW 
project impact assessments for water supply, hydro­
dynamics, water quality, and fisheries in Chapters 3A, 
3B, 3C, and 3F, respectively. 

DeltaSOS Adjustments of DWRSIM­
Simulated CVP and SWP Exports 

As discussed above, DeltaSOS simulates all poten­
tial CVP and SWP pumping prior to estimating water 
available for DW diversion or pumping capacity avail­
able for export of DW diversions. This requires that 
DeltaSOS adjust the initial DWRSIM results to increase 
the combined CVP and SWP exports to the maximum 
possible within the export limits specified by the 1995 
WQCP. 

DWRSIM initial results sometimes showed simu­
lated available water for diversions and also unused 
export pumping capacity. IfDW alternatives were simu­
lated without adjustment of the DWRSIM results, DW 
operations would likely be overestimated. It seems likely 
that should more water be needed for south-of-Delta 
beneficial uses than was initially simulated with DWR­
SIM, additional amounts of available water would be 
exported by the SWP or the CVP before DW discharges 
for export would occur. The DeltaSOS adjustment of 
DWRSIM exports reduces the available water for DW 
diversion and reduces the opportunity for DW discharge 
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for export. This adjuslrnent provides the most reasonable 
estimate of likely DW operations and eliminates the 
potential situation in which DW diversions and dis­
charges would be simulated to occur in the same month 
(water being discharged from storage from one island and 
being diverted to fill an empty reservoir island at the 
same time). 

This assumption results in greater SWP and CVP 
exports being simulated by DeltaSOS than by DWRSIM 
and may cause DeltaSOS to simulate more Delta export 
than can be fully used in some years. This water may not 
actually be exported in wet years without additional 
surface water or groundwater storage facilities being 
available. The DeltaSOS simulations for the DW project 
therefore may include slightly more SWP and CVP 
export pumping than would likely occur under these 
hydrologic conditions. On the other hand, the DeltaSOS­
simulated maximum CVP and SWP export pumping 
would be allowable under the 1995 WQCP objectives 
and might occur in the future if demands increase and 
storage facilities are added. 

This DeltaSOS assumption of maximum SWP and 
CVP export pumping will reduce the potential DW diver­
sions and DW discharges for export in some years when 
the initial DWRSIM results indicated less combined 
pumping. Nevertheless, this appears to be the most 
reasonable asswnption for realistic impact assessment of 
the DW project for water supply, hydrodynamics, water 
quality, and fishery resources. Appendix A4, "Possible 
Effects of Daily Delta Conditions on Delta Wetlands 
Project Operations and Impact Assessments", provides a 
discussion of the possibility for DW diversions and dis­
charges to occur at different times within the same month 
because of hydrologic variation within a month. 

Table A3-4a shows the monthly DWRSIM-simu­
lated combined CVP and SWP Delta export pumping 
rates(incfs)forwateryears 1922-1991. The total annual 
water-year export volume (in T AF) and monthly average 
pumping rates (in cfs) are also shown. Table A3-4b 
shows the monthly increase in combined exports simu­
lated with DeltaSOS. This !imulated increase is limited 
by outflow objectives and the percentage of Delta river 
inflow specified in the 1995 WQCP. Table A3-4c indi­
cates the maximum possible export simulated by Delta-
80S. 

Table A3-4b indicates that DWRSIM-simulated ex­
ports were generally at the maximum possible under 
1995 WQCP objectives during summer (June-Septem­
ber), when export demands are highest. DWRSIM­
simulated exports were less than the maximum possible 

Delta Wetlands Draft EIRIEIS 

87-119EEIAPPD-A3 AJ-7 

in some months when export demands (and San Luis 
Reservoir maximum filling rate) limited export. In these 
months, DeltaSOS adjustments were the largest. Table 
A3-4b indicates that the average annual adjustment in 
CVP and SWP combined exports was 442 TAF!yr, 
increasing the average exports from 5.71 MAFiyr to 6.15 
MAF!yr. 

Table A3-4c indicates that SWP and CVP export 
pumping was at the maximum permitted rate in some 
months, but exports in the majority of months were 
limited by the outflow or export limit objectives in the 
1995 WQCP. For 1983, the adjusted DeltaSOS export 
pumping was at the maximum monthly rate each month, 
for a maximum annual total permitted export pumping 
volume of8,377 TAF. 

Results for the No-Project 
Alternative 

Annual Average Results for the No-Project Alterna­
tive 

Table A3-5 presents annual average flow volumes 
(TAF) simulated by DeltaSOS for the No-Project Alter­
native. The water year and water-year types, as defined 
by the 1995 WQCP for the Sacramento and San Joaquin 
River Basins are indicated for reference (1= wet, 5 = 
critical). There are no required Sacramento River in­
flows, so the added Sacramento River flows were 0. The 
annual Sacramento River inflow ranged from 6, 77 5 T AF 
for 1931 to 35,577 TAF for 1983, with a mean annual 
flow of 15,998 T AF !yr. The required San Joaquin River 
flow ranged from 790 TAF to 1,759 TAF in wet years. 
The additional San Joaquin River flow needed to satisfy 
the 1995 WQCP objectives was estimated by DeltaSOS 
to average 27 TAF!yr. The adjusted San Joaquin River 
inflow averaged 2,428 TAF!yr. 

Steamboat and Sutter Slough diversions from the 
Sacramento River averaged 5,091 TAF!yr, slightly less 
than one-third of the Sacramento River inflow. The ad­
justments in DCC flows to satisfy the Rio Vista objec­
tives were relatively small. The DCC flow averaged only 
1 ,34 7 T AF lyr because of the extended closure period 
specified in the 1995 WQCP. The combined DCC and 
Georgiana Slough diversions averaged 4,090 TAFiyr, 
approximately 25% of the Sacramento River flow. The 
simulated Rio Vista flow averaged 13,793 TAF!yr, with 
2,118 TAF!yr from the Yolo Bypass (not shown). 
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The QWEST flow with the DWRSIM-simulated 
exports averaged 862 TAF/yr, but many years were 
simulated with an average negative QWEST flow vol­
wne. No reductions in export for QWEST requirements 
were simulated because there are no QWEST objectives 
in the 1995 WQCP. The Delta outflow (Collinsville) 
with the OWRSIM exports averaged 14,562 TAF/yr. 
Average diversions into Suisun Marsh through Monte­
zuma Slough of930 TAF/yr reduced the Chipps Island 
outflow to 13,631 TAF/yr. There were no simulated 
export reductions to satisfy outflow requirements, be­
cause the DWRSIM outflow requirements were used in 
DeltaSOS. 

DeltaSOS estimates the 1995 WQCP export limits 
as a percentage of monthly inflow, without reference to 
the permitted export pumping rate or outflow require­
ments, to average 10,292 TAF/yr. In a few months, slight 
adjustments were required to be made to the DeltaSOS 
specified export limits (usually associated with the extra 
SWP pumping estimates). The average export adjust­
ment made to the maximum allowable 1995 WQCP 
exports within the permitted pumping rate was 442 
T AF /yr. The adjusted annual exports totaled 6,154 
TAF/yr. The adjusted QWEST flow was reduced to 420 
TAF/yr, and the adjusted outflow was reduced to 14,120 
TAF/yr. 

The available water volume would be excess water 
not needed to satisfy 1995 WQCP objectives, with CVP 
and SWP pumping at the permitted rate. This water 
could be diverted by the OW project if sufficient diver­
sion capacity and storage capacity were available. No 
OW operations were simulated for the No-Project Alter­
native, so the "fmal" export, QWEST flow, and outflow 
remained unchanged after the export adjuStments were 
made. The simulated Threemile Slough flow averaged 
3,084 TAF!yr from the Sacramento River to the San 
Joaquin River. Old River diversions from the San Joa­
quin River averaged 1,370 TAF/yr, about 56% of the San 
Joaquin River flow. The simulated San Joaquin River 
flow at Antioch averaged 3,504 TAF/yr. 

While these annual totals indicate the general move­
ment of water within the Delta and show the year-to-year 
fluctuations in Delta hydrology, the monthly DeltaSOS­
simulated flows are also of interest. These seasonal flow 
patterns are summarized in the next section for the No­
Project Alternative. 
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Monthly Percentile Tables for the No-Project Alter­
native 

Table A3-6 (six pages) presents frequency per­
centiles for monthly values from the DeltaSOS simulation 
of the No-Project Alternative. Each output column from 
Table A3-5 is summarized in monthly percentiles in 
Table A3-6. The monthly percentiles provide an impor­
tant seasonal summary of the simulation values. 

1bese monthly "stacks" are the distribution of simu­
lated monthly flows for each calendar month for the 70 
simulated years, given in 10% increments (7 years) and 
do not represent a sequence of monthly values. The 
sequence of simulated flows can be found in the Delta­
SOS spreadsheet. The monthly distribution of flows 
provided in the percentile tables gives an overview of the 
simulated flows in a particular calendar month. 

As an example ofhow the tables are read, on the first 
page ofT able A3-6, monthly percentiles for "Sacramento 
River inflow" indicate that the lowest October flow in the 
No-Project Alternative simulation was 7,061 cfs. Ten 
percent of the years (7 of 70 years) had an October flow 
ofless than 8,521 cfs, 50% of the years (35 of70 years) 
had an October flow of less than 13,235 cfs, and the 
maximum October flow was 29,964 cfs. The average 
(mean) October flow was 14,883 cfs. 

As another example, on the second page of Table 
A3-6, monthly percentiles for "Delta Cross Channel flow" 
indicate that the DCC was always closed in November to 
May. In addition, the DCC was closed at least 1 year in 
October and at least 100/o of the years in June because the 
Sacramento River flow exceeded the flood control thres­
hold of 25,000 cfs. 

On the fourth page of Table A3-6, the monthly ad­
justments in Delta export are summarized. For a few 
months, minor reductions were simulated to meet Delta­
SOS estimates of the export limits (DeltaSOS uses cfs 
units, while DWRSIM uses TAF units). The majority of 
the adjustments in export were simulated to occur during 
November-May. In January, for example, significant 
adjustments were made for less than 30% of the years, 
because 70% of the January adjustments were less than 
15 cfs. 

The fourth page ofT able A3-6 also shows the simu­
lated "available water for diversion". Although there was 
at least one year with some available water in each calen­
dar year, most of the available water was simulated for 
November-March. This table indicates the magnitude of 
the available water. For example, in January there was 
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simulated available water in more than 6()0/o of the years, 
and 50% of the years had available average January flows 
of greater than 6,475 cfs, which is greater than the DW 
project monthly average diversion capacity. The table 
indicates that when available water for diversion is simu­
lated, the flow is usually relatively high compared with 
the DW diversion capacity. 

The fifth page of Table A3-6 shows no simulated 
DW operations for the No-Project alternative, and the 
fmal CVP and SWP combined export pumping. This 
table can be used to identify the frequency of capacity 
being available for potential DW discharges for export 
within the pennitted pwnping rate through comparison of 
the maximum export pumping simulated for each month 
compared with the frequency distribution that represents 
the allowable pumping rate for simulated Delta inflows 
under the 1995 WQCP objectives. 

Monthly and Annual Graphs for the No-Project 
Alternative 

DeltaSOS produces several types of graphs that 
display monthly and annual simulation results. This 
section presents selected graphs to summarize DeltaSOS 
results for the No-Project Alternative. Monthly values 
are presented on three pages representing three segments 
of the 70-year hydrologic record: 1922-1944, 1945-
1967, and 1968-1991. 

Figure A3-l shows simulated monthly Delta outflow 
and required Delta outflow as estimated by DWRSIM. 
The difference between the two curves represents surplus 
Delta outflow for the input hydrology and 1995 WQCP 
objectives. Required Delta outflow ·is greater during 
wetter year types and represents a considerable portion of 
the outflow in dry years. 

Figure A3-2 shows simulated values for monthly 
Delta export pwnping. Adjusted exports are those simu­
lated by DeltaSOS based on estimating additional water 
available for export within specified monthly pumping 
limits and other Delta objectives (without considering 
downstream demands and storage capacity). Export 
adjustment is the difference between initial exports 
simulated by DWRSIM and adjusted exports simulated 
by DeltaSOS. The greatest amount of additional export 
is simulated by DeltaSOS during spring. However, there 
may not be a demand for these additional simulated 
exports. 

Figure A3-3 shows annual Delta outflow and re­
quired Delta outflow (in MAF) as simulated by DeltaSOS 
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for the No-Project Alternative. There was no surplus 
Delta outflow simulated in some years, but surplus out­
flow of several MAF was simulated in most other years. 

Figure A3-4 shows the simulated annual values for 
initial (DWRSIM) Delta exports and adjusted annual 
exports (after all objectives are satisfied and all available 
water is pumped). DeltaSOS simulated no additional 
export pumping in some years, but 9 years were simul­
ated with moce than 1,000 TAF of additional export. The 
maximum possible export for most years is less than 7 
MAF; 15 years had exports greater than 7 MAF, and 
1983 is the only year with simulated exports greater than 
8 MAF. The DW project alternatives were simulated for 
comparison with these adjusted no-project Delta 
conditions, although the need for these additional exports 
for beneficial uses was not evaluated with DeltaSOS. 

DeltaSOS Results for 
Alternative I 

Alternative 1 consists of potential year-round diver­
sion and storage of water on two reservoir islands. Wet­
land vegetation and waterfowl habitat may be provided 
incidentally in years when the DW reservoir islands are 
partially full or empty during the appropriate months. A 
relatively small volume of incidental storage will occur 
on habitat islands for wetland management (see Chap­
ter 2, "Delta Wetlands Project Alternatives"). 

Diversions to the reservoir islands (238-T AF capa­
city) would occur during any month with available sur­
plus flows. DW proposes a maximum monthly average 
diversion rate of 4,000 cfs to fill the two reservoir islands 
in 1 month. Maximum siphon capacity would be 9,000 
cfs when diversions begin and head differential between 
the channel and island bottom is at a maximum. The 
simulated monthly average discharge rate is 4,000 cfs. 
The maximum discharge rate is about 6,000 cfs when the 
DW reservoir islands are full. 

For DeltaSOS simulations of Alternative 1, it is 
assumed that discharges of water from the DW islands 
would be exported in any month when unused capacity 
within the permitted pumping rate exists at the SWP and 
CVP pumps and the export limits do not prevent use of 
that capacity. Such unused capacity could exist when the 
amount of available water (i.e., total inflow less Delta 
channel depletion and Delta outflow requirements) is less 
than the amount specified by the export liffiits. 

AppendiX A3. DeltaSOS Simulations of the 
Delta Wetlands Project Alternatives 

September 1995 



Simulated Monthly DW Operations for Alternative 1 

Table A3-7 presents the monthly DW operations 
(diversions, end-of-month storage, and discharges) simu­
lated by DeltaSOS for Alternative 1. This three-page 
tabular format allows the DW operations in a particular 
year of interest to be identified. This table presents the 
most complete record of simulated DW operations for 
Alternative 1. 

Table A3-7a presents the monthly simulated diver­
sions to storage (cfs), arranged as monthly flow values for 
each simulated water year, from 1922 through 1991. The 
annual total diversions (T AF) are shown in the right hand 
column, and the average monthly diversion flows (cfs) 
are given at the bottom of the table. 

Table A3-7b presents the monthly simulated dis­
charges from storage (cfs), arranged as monthly flows for 
each simulated water year, from 1922 through 1991. The 
annual total discharges (TAF) are shown in the right­
hand column, and the average monthly discharge flows 
(cfs) are given at the bottom of the table. 

Table A3-7c presents the combined end-of-month 
storage (TAF) for the DW reservoir islands. The sea­
sonal storage in wetlands and ponds on the habitat islands 
is not included in these values. The storage is increased 
by diversions and is reduced by evaporation and dis­
charges from the reservoir islands. The average end-of­
month storage volumes are given at the bottom of the 
table. 

Annual Average Results for Alternative 1 

Table A3-8 presents the annual average values for 
DeltaSOS-simulated Delta conditions for the proposed 
DW project under the 1995 WQCP objectives. Only the 
third page, giving the simulated DW operations, is sig­
nificantly different from the simulation results for the No­
Project Alternative. 

Simulated DW operations (or Alternative 1 average 
222 T AF lyr of diversions, with 188 T AF lyr of discharge 
for export. The DW project would not have operated in 
several years (9 of70 years) because water available for 
diversions was limited. In other years, however, the 
simulated DW discharge for export is greater than the 
238-T AF storage capacity of the two reservoir islands 
because of multiple diversion and discharge periods in 
the same year (6 of70 years). The maximum simulated 
annual discharge for export was 444 TAF in 1957. 
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DeltaSOS does not, however, evaluate the need for these 
additional exports. 

Monthly Percentile Tables for Alternative 1 

Ta~le A3-9 presents monthly percentiles of simu­
lated values for the proposed project. The first panel of 
Table A3-9 gives monthly percentiles for DW diversions 
to storage. This panel summarizes the monthly diver­
sions shown in Table A3-7 a Diversions are simulated in 
only about 20% of the fall and winter months because 
water may not be available for diversion or because the 
DW reservoir islands may already be full. The seasonal 
pattern ofDW diversions is shown, and the mean diver­
sion for each month indicates the overall importance of 
that month for DW diversions. October-January is the 
most important period for diversion. 

'The second panel of monthly percentiles shows end­
of-month storage on the DW reservoir islands for the 70-
year hydrologic record. Water would generally be diver­
ted onto the DW reservoir islands during winter and 
discharged during summer. For example, the reservoirs 
are simulated to be empty in October for 70% of the 
years, empty in January and February about 20% of the 
years, and essentially empty in August and September in 
at least 90% of the years. 

Monthly percentiles do not indicate the sequence of 
months of DW storage in a particular year. Therefore, 
the 70-year simulation of monthly storage values shown 
in Table A3-7 must be examined directly to determine 
how often the DW reservoirs would be empty for a series 
of months (e.g., from June through August for wetland 
plant growth). 

The third monthly percentile panel gives the DW 
discharges for export for each month. Discharges for 
export are simulated in about 30% of the years for July 
and August. Discharges are not simulated in months 
when stored water is not available for discharge or when 
additional pumping capacity is not available for export of 
DW discharges. The seasonal pattern ofDW discharges 
is shown, and the mean discharge for each month indi­
cates the overall importance of that month for DW dis­
charges. July and August are the most important months 
for discharges. 

The fourth panel of monthly percentiles shows the 
pattern ofDW releases for Delta outflow for each month. 
The values in this panel are zeroes because under the DW 
project alternatives, DW releases are not simulated for 
Delta outflow; water is held in the DW reservoirs until it 
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can be discharged for export. DW water may be dis­
charged for Delta outflow if this beneficial use is selected 
by the water purchaser. 

The fifth panel of Table A3-9 presents monthly per­
centiles for simulated total Delta export pwnping for each 
month, including DW discharges for export. For 
example, export pwnping in April is simulated at the 
maximwn allowable rate ( 11 ,280 cfs) for less than 1 0% 
of the years. Export of DW discharges would occur 
during months when the SWP and CVP pwnping is 
limited by Delta outflow requirements. 

Monthly and Annual Graphs for Alternative 1 

Figure A3-S shows simulated monthly values of 
water available for DW diversions and of diversions to 
DW storage. This figure shows the fraction of available 
water that is simulated to be diverted for DW storage. 
Because the amount of available water is often greater 
than 4,000 cfs (the maximwn monthly diversion needed 
to fill the 238-TAF capacity of two reservoir islands), 
only a small portion of the available water is diverted in 
most months. 

Figure A3-6 shows the simulated pattern of monthly 
DW storage. Storage over several months is the most 
common pattern, but several years show multiple diver­
sion and discharge periods, indicated by a rapidly fluctua­
ting storage pattern. 

Figure A3-7 shows simulated total Delta exports 
(including DW discharges) and the DW discharges for 
export. 

Figure A3-8 shows simulated annual values for DW 
operations under Alternative 1. Simulated annual diver­
sions and discharges are not always equivalent, indicating 
that water was stored in DW reservoirs from one year to 
the next. 

Figure A3-9 shows simulated annual Delta exports 
under Alternative 1, including initial DWRSIM exports, 
exports adjusted by DefiaSOS, and fmal exports in­
cluding DW discharge water. The figure also shows the 
additional exports from DW discharges. 

Effects of DW diversions on reduced annual Delta 
outflow are not detectable in annual values, so the annual 
Delta outflow patterns are those shown in Figure A3-3. 
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Results for Alternative 2 

DW diversion operations under this alternative 
would be the same as under Alternative 1. In DeltaSOS 
simulations of Alternative 2, it is asswned that releases of 
water from the DW islands would be exported by the 
SWP and CVP pwnps when unused capacity within the 
permitted pwnping rate exists at the SWP and CVP 
pumps. DW discharges would be allowed to be exported 
in any month when such capacity exists, without regard 
for the export limits (percentage of total Delta inflow). · 
Under this alternative, it is assumed that export of DW 
discharges is limited by the WQCP Delta outflow 
requirements and the permitted combined pwnping rate 
of the export pwnps but is not subject to the WQCP 
"percent of inflow" export limit. 

Simulated Monthly DW Operations for Alternative 2 

Table A3-10 presents the monthly DW operations 
(diversions, end-of-month storage, and discharges) simu­
lated by DeltaSOS for Alternative 2. This three-page 
tabular format allows the DW operations in a particular 
year of interest to be identified. This table presents the 
most complete record of simulated DW operations for 
Alternative 2. 

Table A3-l Oa presents the monthly simulated diver­
sions to storage (cfs), arranged as monthly flow values for 
each simulated water year, from 1922 through 1991. The 
annual total diversions (TAF) are shown in the right-hand 
column, and the average monthly diversion flows (cfs) 
are given at the bottom of the table. The diversions are 
similar to those simulated for Alternative 1 because the 
simulated pattern of available water for DW diversion is 
the same. However, DW diversions simulated for March 
and April were higher than those simulated for Alter­
native 1 because of some increased discharges under 
Alternative 2 (see below). 

Table A3-10b presents the monthly simulated dis­
charges from storage (cfs), arranged as monthly flows for 
each simulated water year, from 1922 through 1991. The 
annual total discharges (TAF) are shown in the right­
hand column, and the average monthly discharge flows 
( cfs) are given at the bottom of the table. Results for a 
few months were different than for Alternative 1 because 
of the increased simulated DW discharge opportunity. 
Discharges in February and March were higher under 
Alternative 2 than under Alternative 1. Simulated June 
discharges were higher under Alternative 2 than under 
Alternative 1, but July and August discharges were lower 
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because the ammmt of DW storage capacity available 
was usually simulated to be about the same for the two 
alternatives. 

Table A3-10c presents the combined end-of-month 
storage (TAF) for the DW reservoir islands. The sea­
sonal storage in wetlands and ponds on the habitat islands 
is not included in these values. The DW storage is in­
creased by diversions and is reduced by evaporation and 
discharges :from the reservoir islands. The average end­
of-month storage volumes are given at the bottom of the 
table. The simulations show that the reservoir islands 
would empty earlier in the summer under Alternative 2 
than under Alternative I. 

Table A3-11 shows DeltaSOS simulation results for 
Alternative 2. The results show average annual diver­
sions of 225 T AF lyr and 202 T AF lyr of discharge for 
export. DW maximum storage for each water year was 
often 238 T AF, but simulations for 11 out of 70 years had 
DW storage ofless than 100 TAF. Table A3-12 shows 
the monthly percentiles for simulated DW operations 
under Alternative 2. Diversions (see first panel) of 
2,000-4,000 cfs are simulated to generally occur early in 
a water year (October-March), with discharges (see third 
panel) of 2,000-4,000 cfs during the middle or late part 
of the water year (February-March and June-July). The 
DW project would not have operated in several years 
because of limited water available for diversions Oess 
than 100 TAF of diversions in 17 of70 years). 

Figure A3-1 0 shows simulated annual DW diver­
sions and discharges for Alternative 2. DW operations 
under Alternative 2 are simulated generally to occur in 
the same years as operations simulated under Alterna­
tive I, but the maximum discharges are slightly more 
because of the simulated increases in opportunities for 
DW discharges for export. 

Figure A3-11 shows simulated annual exports for 
Alternative 2. The initial (DWRSIM-simulated), DeltaS­
OS-adjusted, and final exports are shown, along with the 
additional DW discharges for export. 

Results for Alternative 3 

Under Alternative 3, water would be diverted for 
storage in reservoirs on all four DW project islands. In 
DeltaSOS simulations of this alternative, DW initial 
storage volume is assumed to be 406 TAF. The maxi­
mum monthly DW diversion rate to the four islands is 
simulated to be 6,000 cfs, which would allow most of the 
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DW storage volume to be filled in a single month. The 
maximum monthly average DW discharge rate is 6,000 
cfs for simulation purposes. The diversion and discharge 
modeling asswnptions for this alternative are the same as 
for Alternative 2, but the assumed diversion and dis­
charge rates are higher. 

Simulated Monthly DW Operations for Alternative 3 

Table A3-13 presents the monthly DW operations 
(diversions, end-of-month storage, and discharges) simu­
lated by DeltaSOS for Alternative 3. Table A3-13a pre­
sents the monthly simulated diversions to storage (cfs), 
arranged as monthly flow values for each simulated water 
year, :from 1922 through 1991. The annual total diver­
sions (TAF) are shown in the right-hand column, and the 
average monthly diversion flows (cfs) are given at the 
bottom of the table. The diversions simulated for Alter­
native 3 are much larger than those simulated for Alter­
native 2 because the simulated DW storage capacity is 
greater. Some monthly diversions are simulated at 6,000 
cfs, but other periods require two months of diversions to 
fill the simulated DW storage capacity. 

Table A3-13b presents the monthly simulated dis­
charges from storage ( cfs ), arranged as monthly flows for 
each simulated water year, from 1922 through 1991. The 
annual total discharges (T AF) are shown in the right­
hand column, and the average monthly discharge flows 
(cfs) are given at the bottom of the table. The simulated 
discharges are greater for Alternative 3 than for Alter­
native 2, but are simulated to occur in the same months 
because the same DW export capacity was simulated for 
Alternatives 2 and 3. Some monthly average discharges 
were simulated at 6,000 cfs, while other periods required 
lower discharges for more than one month. 

Table A3-13c presents the combined end-of-month 
storage (T AF) for the four DW reservoir islands under 
Alternative 3. The seasonal storage in wetlands and 
ponds in habitat areas on Bouldin Island are not included 
in these values. The storage is increased by diversions, 
and is reduced by evaporation and discharges :from the 
reservoir islands. The average end-of-month storage 
volumes are given at the bottom of the table. 

Table A3-14 shows DeltaSOS mean annual simula­
tion output for Alternative 3. Simulated average annual 
operations for Alternative 3 were 356 T AF lyr of diver­
sions and 302 T AF lyr of discharge for export. These 
values are much greater than those for Alternative 2 
because of the increased reservoir capacity. The in­
creased storage does not change simulated DW 
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operations, however, during years with limited water 
available for diversions. 

Table A3-15 shows the monthly percentiles for 
simulated DW operations for Alternative 3. Diversions 
of2,000-6,000 cfs are simulated generally to occur early 
in a water year (October-February), with discharges of 
2,000-4,000 cfs during spring (February-March) and 
swnmer (June-August). The DW project still would not 
have operated, however, in several years because of 
limited water available for diversions (less than I 00 T AF 
of diversions in 13 of 70 years) or no available export 
pumping capacity for DW discharges. 

Figure A3-12 shows simulated annual DW diver­
sions and discharges for Alternative 3. DW operations 
are simulated generally to occur in the same years under 
Alternative 3 as under Alternative 2, but the diversions 
and discharges are much greater, with about 4 years of 
more than 500 T AF lyr in exports simulated. 

Figure A3-13 shows simulated annual exports for 
Alternative 3. The DWRSIM-simulated, DeltaSOS­
adjusted, and final exports are shown, along with the 
additional DW discharges for export. The simulated fmal 
exports for several years are greater than 7.5 MAF/yr, 
with more than 8 MAF in 3 years. DeltaSOS does not, 
however, evaluate the need for these additional exports. 

DELTASOS RESULTS FOR DW 
PROJECf ALTERNATIVES 

UNDER CUMULATIVE 
CONDITIONS 

The asswnptions for simulations of cumulative con­
ditions were the same as for the simulations detailed 
above, except that the full SWP pumping capacity was 
assumed to be available in any month for Delta exports. 
This availability of full pumping capacity may require 
approval and implementation of DWR's South Delta 
Project and a revised Corps permit. Cumulative condi­
tions for the No-Project Alternative and DW project 
alternatives were simulatea by DeltaSOS with the same 
initial DWRSIM inputs, but allowing for greater adjust­
ment of the original DWRSIM exports. The initial 
DWRSIM combined SWP and CVP Delta exports are 
given in Table A3-4a. 

Table A3-16a presents the simulated monthly Delta­
SOS adjustments of the initial DWRSIM exports (cfs) for 
each water year from 1922 to 1991, with the annual total 
adjustments in exports (TAF) shown in the right-hand 
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column and the average monthly change in exports (cfs) 
given at the bottom of the table. The adjustments in the 
DWRSIM-simulated exports averaged 1,018 TAF/yr, 
with several years (13 out of70 years) having more than 
a 2,000-T AF simulated increase in exports. Although 
these exp<X"ts might be possible within the restrictions of 
the 1995 WQCP objectives, DeltaSOS does not evaluate 
the need for these additional exports. 

The DeltaSOS-adjusted exports for the cumulative 
conditions are presented in Table A3-16b. Maximum 
Delta export pumping was simulated as possible under 
the 1995 WQCP objectives for 1983 (except for 7 50 cfs 
in August), giving a maximum potential export of greater 
than 10,500 TAF/yr. The 70-year average annual simu­
lated export was 6, 730 T AF lyr for cumulative conditions. 
Annual exports were less than 7.0 MAF lyr in about half 
the simulated years; export were greater than 7.0 MAF in 
33 outofthe 70 years, and greater than 8.0 MAF/yr in 12 
out of the 70 years. Although these exports might be 
possible under the 1995 WQCP objectives, DeltaSOS 
does not evaluate the need for these additional exports. 

Results for the No-Project 
Alternative under 

Cumulative Conditions 

Annual Average Results for the No-Project Alterna­
tive under Cumulative Conditions 

Table A3-17 (three pages) presents annual average 
values for Delta conditions simulated by DeltaSOS for 
the No-Project Alternative under cumulative conditions. 
Many of the simulated Delta channel flows are the same 
as reported above for the No-Project Alternative. Only 
those channel flows affected by exports are different from 
those simulated for the No-Project Alternative. 

DeltaSOS-simulated available water for DW diver­
sions averaged 1,995 TAF/yr for the cumulative No­
Project Alternative. The simulated increase in SWP ex­
port pumping capacity reduced available water by an 
average of 577 T AF lyr compared with available water 
simulated for the No-Project Alternative. 
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Monthly Percentile Tables for the No-Projed Alter­
native under Cumulative Conditions 

Table A3-18 (six pages) presents frequency per­
centiles for monthly values from the DeltaSOS simulation 
of the No-Project Alternative under cwnulative condi­
tions. 

The frequency percentiles for simulated monthly 
combined CVP and SWP exports indicates that the maxi­
mwn SWP pwnping capacity was used frequently in the 
fall and winter months, but only rarely in summer months. 
For example, in October the total exports for No-Project 
Alternative cumulative conditions (bottom panel on page 
5 of Table A3-l8) were simulated to be greater than 
11,921 cfs for about 300/o of the years, and full SWP 
pumping capacity (11,900 cfs combined pwnping) was 
used in at least 1 00/o of the years. These frequencies were 
greater during November-March. Other factors were 
limiting exports during spring and summer (i.e., April­
May San Joaquin pulse-flow export restrictions, outflow 
requirements, inflow percentage limits on exports), so the 
increased simulated export pwnping capacity did not 
change the simulated exports in most years during these 
months. 

Monthly and Annual Graphs for the No-Project 
Alternative under Cumulative Conditions 

Figure A3-l4 shows simulated monthly Delta ex­
ports for the No-Project Alternative under cwnulative 
conditions. The figure also shows additional export ad­
justments that could be made within monthly pwnping 
limits and be consistent with the 1995 WQCP objectives 
(without considering downstream demands and storage 
capacity). The greatest amount of extra pwnping is 
simulated by DeltaSOS in winter during periods of high 
Delta inflow. 

The additional exports are simulated in DeltaSOS to 
provide a proper basis for estimating the potential water 
supply effects of the DW project alternatives. Only water 
that could not have been exported by the SWP or the 
CVP was asswned to be available for DW diversions. 
Only export pwnping capacity that could not have been 
used by the CVP and the SWP was asswned to be 
available for export ofDW discharges. 
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Results for Alternative 1 under 
Cumulative·Conditions 

Simulated Monthly DW Operations for Alternative 1 
under Cumulative Conditions 

Table A3-19 presents the monthly DW operations 
(diversions, discharges, and end-of-month storage) simu­
lated by DeltaSOS for Alternative 1 under cwnulative 
conditions. Table A3-19a presents the monthly simulated 
div~rsions to storage (cfs), arranged as monthly flow 
values for each simulated water year, from 1922 through 
1991. The annual total diversions (TAF) are shown in 
the right-hand column. and the average monthly diversion 
flows (cfs) are given at the bottom of the table. The 
simulated diversions are slightly less than those simulated 
for Alternative DW I because the simulated water avail­
able for DW diversion is less for some months. Simu­
lations for several years (22 out of 70 years) show 
diversions ofless than 1 00 T AF. 

Table A3-19b presents the monthly simulated dis­
charges from storage (cfs), arranged as monthly flows for 
each simulated water year, for the Alternative 1 under 
cwnulative conditions. The annual total discharges 
(TAF) are shown in the right-hand column, and the aver­
agemonthlydischargeflows (cfs) are given at the bottom 
of the table. The simulated discharges are also slightly 
less than those simulated for Alternative 1 and occur 
predominantly in July. 

Table A3-19c presents the combined end-of-month 
storage (T AF) for the DW reservoir islands for Alter­
native 1 under cwnulative conditions. The seasonal 
storage in wetlands and ponds on the habitat islands is not 
included in these values. The storage is increased by 
diversions and is reduced by evaporation and discharges 
from the reservoir islands. The average end-of-month 
storage volwnes are given at the bottom of the table. 

Annual Average Results for Alternative 1 under 
Cumulative Conditions 

Table A3-20 shows that simulated diversions for 
Alternative 1 under cwnulative conditions averaged 191 
TAF/yr, and simulated discharges for export averaged 
166 T AF /yr. The DW project would not have diverted 
water in some years because of limited water available 
for diversions. In a few years, however, the simulated 
DW discharge for export is greater than the 238-TAF 
reservoir capacity because of multiple diversion and 
discharge periods in the same year. 
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Monthly Percentile Tables for Alternative I under 
Cumulative Conditions 

TableAJ-21 summarizes the DeltaSOS simulations 
ofDW operations. DW diversions are simulated to occur 
in the months with available water. DW discharges are 
simulated to occur primarily in July. 

Monthly and Annual Graphs for Alternative I under 
Cumulative Conditions 

Figure AJ-15 shows simulated annual DW oper­
ations for Alternative I under cumulative conditions. 
Diversions and discharges do not correspond in years 
when stored water is carried over from one year to the 
next. 

Figure AJ-16 shows simulated annual Delta exports 
for Alternative I under cumulative conditions. DWR­
SIM-simulated, DeltaSOS-adjusted, and fmal exports 
(with DW discharges) are shown, along with the addi­
tional DW discharges for export. 

Results for Alternative 2 under 
Cumulative Conditions 

Simulated DW operations for Alternative 2 under 
cwnulative conditions were similar to those simulated for 
Alternative 2, with several periods of reduced available 
water for diversions. Table A3-22 presents the monthly 
simulated diversions, discharges, and DW storage values 
Alternative 2 under cumulative conditions. 

Table AJ-23 shows that simulated diversions for 
Alternative 2 under cumulative conditions averaged 211 
TAFiyr, and simulated discharges for export averaged 
197 T AF !yr. These values are about the same as those 
reported for Alternative 2. 

Table AJ-24 shows the monthly percentiles of simu­
lated DW operations for Alternative 2 under cumulative 
conditions. Diversions were simulated generally to occur 
early in a water year (October-February), with discharges 
to export during the middle part of a year (February­
March) or summer (June-July). The DW reservoir 
islands are always simulated as being empty at the end of 
June or July. The DW project would have diverted less 
than I 00 T AF of water in many years (22nO) because of 
limited water available for diversions. 
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Figure AJ-17 shows simulated annual DW diver­
sions and discharges for Alternative 2 under cumulative 
conditions. 

Figure AJ-18 shows simulated annual exports for 
Alternative 2 under cumulative conditions. DWRSIM­
simulated, DeltaSOS-adjusted, and final exports (with 
DW discharges for export) are shown, along with the 
additional DW exports. 

Results for Alternative 3 under 
Cumulative Conditions 

Simulated DW operations for Alternative 3 under 
cumulative conditions were similar to those simulated for 
Alternative 3, with several periods of reduced available 
water for diversion. Table A3-25 presents the monthly 
simulated diversions, discharges, and DW storage values 
for Alternative 3 under cumulative conditions. 

Table A3-26 presents the annual simulated DW 
operations for Alternative 3 under cumulative conditions. 
The annual average DW diversions were simulated at 
314 T AF lyr, and the average DW discharges for export 
were simulated at 282 TAFiyr. 

Table A3-27 shows the monthly percentiles for 
simulated DW operations for Alternative 3 under cumu­
lative conditions. 

Figure A3-19 shows the simulated annual DW 
diversions and discharges for Alternative 3 under cumu­
lative conditions. 

Figure AJ-20 shows the simulated annual exports for 
Alternative 3 under cumulative conditions. DWRSIM­
simulated, DeltaSOS-adjusted, and fmal exports (with 
DW discharges for export) are shown, along with the 
additional DW exports. 
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.·. Sac 
-Basin 

Water Year 
Year Type 

1922 2 
1923 3 
1924 5 
1925 4 
1926 4 
1927 1 
1928 2 
1929 5 
1930 4 
1931 5 
1932 4 
1933 5 
1934 5 
1935 3 
1936 3 
1937 3 
1938 1 
1939 4 
1940 2 
1941 1 
1942 1 
1943 1 
1944 4 
1945 3 
1946 3 
1947 4 
1948 3 
1949 4 
1950 3 
1951 2 
1952 1 
1953 1 
1954 2 
1955 4 
1956 1 
1957 2 
1958 1 
1959 3 
1960 4 
1961 4 
1962 3 
1963 1 
1964 4 
1965 1 
1966 3 
1967 1 
1968 3 
1969 1 
1970 1 
1971 1 
1972 3 
1973 2 
1974 1 
1975 1 
1976 5 
19n 5 
1978 2 
1979 3 
1980 2 
1981 4 
1982 1 
1983 1 
1984 1 
1985 4 
1986 1 
1987 4 
1988 5 
1989 4 
1990 5 
1991 5 

Average 

SJR 
Basin 

Table A1-1. DeltaSOS Mean Annual Input Data from the 
1995 WQCP DWRSIM Results 

Banks& 
: Yolo-·•. .. SJR 

Tracy ._ .. Sacramento Bypass CCWD Eastside. Basin. • Delta ._ 
Year Pumping Inflow Flow .Pumping Inflow .Inflow Depletion 

Type (TAF) (TAF) (TAF) (TAFJ. (TAF). (TAF) (TAF). 

1 6,185 15,237 202 144 1,038 3,037 889 
2 6,191 14,489 194 144 816 2,491 an 
5 4,542 8,586 69 151 201 1,259 1,268 
3 5,735 12,064 809 153 630 1,462 810 
4 5,734 11,614 344 144 390 1,511 984 
2 6,242 19,015 3,222 144 724 1,892 836 
3 6,327 18,455 991 144 5n 1,706 1,007 
5 4,564 8,696 100 151 299 1,304 1,135 
5 5,009 10,768 164 153 329 1,140 1,018 
5 3,327 6,n5 68 151 205 1,255 1,147 
2 4,148 8,618 157 160 586 1,655 884 
4 3,678 7,535 83 160 264 1,388 1,144 
5 3,737 8,173 146 160 304 1,201 1,098 
2 5,925 12,496 1,209 153 637 2,051 863 
2 6,154 13,335 1,413 144 1,059 2,141 799 
1 5,879 12,426 246 144 940 2,804 753 
1 6,227 28,179 8,591 144 1,662 5,428 574 
4 5,089 10,712 70 144 286 1,695 1,202 
2 6,420 17,638 4,572 144 756 1,896 647 
1 6,275 23,780 9,163 144 809 3,6n 507 
1 5,949 25,353 5,099 144 1,154 2,986 754 
1 5,558 20,972 1,639 144 1,550 3,151 884 
3 5,928 11,388 191 144 394 1,642 1,046 
2 6,134 12,566 335 144 745 2,244 974 
2 6,290 16,1n 1,462 144 795 2,071 1,076 
4 6,033 10,949 109 144 291 1,557 1,170 
3 6,301 13,098 41 144 364 1,418 1,092 
3 5,692 11,993 193 144 455 1,423 1,112 
3 6,151 12,811 111 144 508 1,532 1,113 
2 6,766 21,672 1,900 144 1,790 2,583 824 
1 6,927 28,323 2,379 144 1.no 3,023 664 
3 5,304 18,839 2,492 144 533 1,965 1,030 
3 6,373 19,873 746 144 368 1,572 1,158 
4 6,016 11,447 172 144 435 1,365 1,028 
1 6,824 21,768 8,268 144 1,485 3,270 691 
3 6,286 15,092 399 144 412 1,785 1,088 
1 7,047 26,266 8,873 144 1,657 3,396 437 
4 5,176 14,716 383 144 339 1,732 1,119 
5 5,856 11,339 317 144 304 1,217 1,139 
5 5,n6 11,459 206 144 216 1,139 1,107 
3 5,797 12,372 711 144 460 1,484 9n 
2 6,652 20,611 2,943 144 741 1,934 752 
4 5,914 12,397 148 144 315 1,358 1.1n 
1 6,651 19,519 4,554 144 1,222 2,323 937 
3 6,402 13,901 319 144 399 1,962 1,096 
1 6,865 22,181 2,615 144 1,298 3,304 615 
4 4,783 15,971 709 144 432 1,660 1,092 
1 6,430 23,660 5,750 144 1,935 5,442 669 
2 5,031 21,543 8,061 144 1,196 3,283 896 
3 6,813 20,939 1,152 144 707 1,732 960 
4 6,343 13,210 192 144 357 1,515 1,231 
2 6,608 19,810 3,467 144 1 '161 2,175 508 
1 6,829 29,264 7,121 144 1,255 2,238 847 
1 6,494 20,440 920 144 894 2,310 976 
5 4,999 10,456 86 151 220 1,160 1,270 
5- 3,053 6,824 105 160 149 1,016 1,225 
1 4,507 16,859 2,457 153 840 2,267 560 
2 5,804 13,993 130 144 688 2,300 913 
1 5,673 18,292 5,602 144 1,325 4,818 721 
4 5,588 13,093 110 144 343 1,912 1,139 
1 7,266 29,591 6,745 144 3,093 5,387 457 
1 5,414 35,5n 13,561 144 4,914 15,726 105 
2 4,576 23,213 4,153 144 2,167 6,450 1,004 
4 5,934 13,038 192 144 459 1,859 993 
1 6,268 18,958 8,880 144 2,385 4,814 546 
5 5,808 10,952 78 144 337 1,645 1,172 
5 4,446 9,416 137 144 242 1,014 1,on 
5 5,278 11,782 80 144 323 1,006 1,124 
5 4,065 8,675 100 151 215 940 1,099 
5 3,808 8,612 76 160 269 958 1,094 

5,712 15,998 2,118 146 835 2,401 931 

Water-year types: l=wet, 2=above normal, 3=below normal, 4=dry, 5=critically dry 

Delta Required· 
Outflow· I·· Outflow 

(TAF) (TAF) 

12,296 6,103 
1o.ns 5,833 
4,155 4,063 
8,267 5,195 
6,997 5,006 

17,631 6,980 
14,252 6,665 
4,548 4,418 
6,220 5,052 
3,6n 3,657 
5,825 5,190 
4,288 4,050 
4,829 4,532 
9,453 6,455 

10,852 6,248 
9,641 5,287 

36,915 8,125 
6,328 4,357 

17,651 7,246 
30,503 7,010 
27,744 6,671 
20,726 7,309 

6,496 4,952 
8,640 5,2n 

12,995 6,279 
5,558 5,072 
7,384 5,487 
7,117 4,921 
7,554 5,599 

20,212 6,326 
27,761 7,985 
17,350 6,080 
14,884 7,021 
6,230 5,051 

27,133 6,221 
10,171 5,661 
32,566 7,267 
10,730 5,294 
6,038 5,203 
5,995 5,097 
8,109 5,063 

18,682 7,329 
6,983 5,143 

19,887 6,670 
8,940 5,602 

21,n4 7,553 
12,753 5,557 
29,543 7,967 
28,011 5,637 
16,614 7,094 
7,556 5,409 

19,352 6,821 
32,058 6,944 
16,950 6,627 
5,503 4,416 
3,657 3,657 

17,204 7,933 
10,250 5,844 
23,499 6,568 

8,587 5,109 
36,948 7,099 
64,112 6,197 
30,259 5,676 
s.4n 5,068 

28,078 6,155 
5,888 4,819 
5,143 4,505 
6,644 4,816 
4,615 4,506 
4,853 4,088 

14,562 5,802 



Table A1-2. DeltaSOS User-Defined Input Parameters 
for the 1995 WQCP Snnulations 

.· . , .. <>. : .. · ........ ': .. · ·' ···<·· .: ·, . ,·:·, 

USER-DEFINED INPUTS FOR DELTA OPERATIONS: .,, .. ·· 
Hood Diversions to Exports? (0= No, 1 = Yes) 
Delta Standards Outflow Point (0= CollinsvHie, 1 = Chipps Island) 
Add Carriage Water to Required Outflow? (0= No, 1 = Yes) 
Include Channel Depletion in Inflow? (0= No, 1 = Yes) 
Open Montezuma Gates to Meet Outflow? (0= No, 1 = Yes) 
Cut Pumping to Meet Outflow? (0= No, 1 = Yes) 
Outflow Deficit Umits Delta Storage Export? (0= No, 1 = Yes) 
Delta Storage Export Umit Exemption? (0= No, 1 = Yes) 
SWP/CVP Export All Available (0= No, 1 = Yes) 
Umit Delta Storage Export to Percent of Inflow (0= No, 1 = Yes) 

Effective Montezuma Diversion Factor 
Starting Month for Delta Outflow Restrictions (1 = Oct) 

Ending Month for Delta Outflow Restrictions (1 = Oct) 
QWEST Estimated with Threemile Included? (0= No, 1 = Yes) 
Minimum SJR for Extra SWP Pumping 

Minimum Pumping during Cutbacks 
Roe Island Outflow Trigger (km) 
Initial X2 Position (km) 
Estimate X2 Outflow Requirements? (0= No, 1 = Yes) 

·. : < < f=rllction oi Mil'tilrturr(of 
· < < AYIIitBI:;I~ / A~&ilable 

OCT 
NOV 
DEC 
JAN 
FEB 

MAR 
APR 

MAY 

JUN 
JUL 
AUG 

SEP 

Wllter ·•''': · Water 
. FRACT .•. ,,,:. MfNlMUM · 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.0 
1.0 
1.0 

1.0 
1.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.. · ... ' . R&nge 

V~tlJ8 · Names 
0 HOOD 
0 OUTPT 
1 CARRY 
0 COIN 
0 MSSG 
1 EPA 
0 WHEEL 
0 FULL 
1 TAKE 
1 DWEX 

1.00 MDF 
1 SDO 

12 EDO 
0 TMS 

1 ,000 MINSJR 

2,000 MINPUMP 
66.3 ROE 

85 INX2 

0 CALX2 



Table A-:;-3. DeltaSOS User-Defined Standards for the 1995 WQCP 

Minimum required Sacramento River flow at Freeport (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

Sacramento River trigger for the Delta Cross Channel (cfs) (closed if Sac flow below Hoocl>value) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 25.000 25,000 25,000 25,000 25,000 
Nov 0 0 0 0 0 Half-time 
Dec 0 0 0 0 0 Half-time 
Jan 0 0 0 0 0 Half-time 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 25,000 25,000 25,000 25,000 25,000 
Jul 25,000 25,000 25,000 25,000 25,000 
Aug 25,000 25,000 25,000 25,000 25,000 
Se 25,000 25,000 25,000 25,000 25,000 

Minimum Rio Vista flow (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 4,000 4,000 4,000 4,000 3,000 
Nov 4,500 4,500 4,500 4,500 3,500 
Dec 4,500 4,500 4,500 4,500 3,500 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 3,000 3,000 3,000 3,000 3,000 

Minimum QWEST flow (efs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct (15,000) (15,000) (15,000) (15,000) (15,000) 
Nov (15,000) (15,000) (15,000) (15,000) (15,000) 
Dec (15,000) (15,000) (15,000) (15,000) (15,000) 
Jan (15,000) (15,000) (15,000) (15,000) (15,000) 
Feb (15,000) (15,000) (15,000) (15,000) (15,000) 
Mar (15,000) (15,000) (15,000) -(15,000) (15,000) 
Apr (15,000) (15,000) (15,000) (15,000) (15,000) 

! May (15,000) (15,000) (15,000) (15,000) (15,000) 
Jun (15,000) (15,000) (15,000) (15,000) (15,000) 
Jul (15,000) (15,000) (15,000) (15,000) (15,000) 
Aug (15,000) (15,000) (15,000) (15,000) (15,000) 
Se 15,000 15,000 15,000 15,000 15,000 



Table A1-3. Continued 

Minimum San Joaquin River flow at Vernalis (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

7,330 5,730 4,620 4,020 3,110 Pulse-flow requirements 
Oct 1,500 1,500 1,500 1,500 1,000 
Nov 900 900 900 900 900 
Dec 900 900 900 900 900 
Jan 900 900 900 900 900 
Feb 2,130 2,130 1,420 1,420 900 
Mar 2,130 2,130 1,420 1,420 900 
Apr 2,130 2,130 1,420 1,542 900 
May 2,130 2,130 1,420 1,420 900 
Jun 2,130 2,130 1,420 1,420 900 
Jul 900 900 900 900 900 
Aug 900 900 900 900 900 
Sep 900 900 900 900 900 

1,290 1,290 860 860 430 Additional flow if X2<Chi s 

Maximum percentage of San Joaquin River flow available for SWP export (%) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 17 17 17 17 17 
Jan 33 33 33 33 33 
Feb 33 33 33 33 33 
Mar 17 17 17 17 17 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

San Joaquin River trigger for Old River gates (cfs) (open if SJR flow at Vernalis>value) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 10,000 10,000 10,000 10,000 10,000 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 10,000 10,000 10,000 10,000 10,000 
May 10,000 10,000 10,000 10,000 10,000 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

Minimum Delta outflow (cfs)-

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 - 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 



TableA,-3. Continued 

Maximum Delta export (cfs) 

Above Below ow Assumed 
Wet Normal Normal D~ Critical Exem~tion Capac~ 

Oct 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Nov 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Dec 10,880 10,880 10,880 10,880 10,880 10,880 11,700 
Jan 10,880 10,880 10,880 10,880 10,880 10,880 12,700 
Feb 10,880 10,880 10,880 10,880 10,880 10,880 12,700 
Mar 10,880 10,880 10,880 10,880 10,880 10,880 11,700 
Apr 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
May 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Jun 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Jul 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Aug 11,280 11,280 11,280 11,280 11,280 11,280 11,280 
Se 11,280 11,280 11,280 11,280 11,280 11,280 11,280 

Maximum percentage of inflow available for export (%) 

Above Below 
Wet Normal Normal D~ Critical OW 

Oct 65 65 65 65 65 65 
Nov 65 65 65 65 65 65 
Dec 65 65 65 65 65 65 
Jan 65 65 65 65 65 65 
Feb 35 35 35 35 35 35 
Mar 35 35 35 35 35 35 
Apr 35 35 35 35 35 35 
May 35 35 35 35 35 35 
Jun 35 35 35 35 35 35 
Jul 65 65 65 65 65 65 
Aug 65 65 65 65 65 65 
Se 65 65 65 65 65 65 

Status of Suisun Marsh salinity control gates (0 = open, 1 = operating) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 1 1 1 1 1 
Nov 1 1 1 1 1 
Dec 1 1 1 1 1 
Jan 1 1 1 1 1 
Feb 1 1 1 1 1 
Mar 1 1 1 1 1 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 

Maximum OW storage capacity (TAF) 

Above Below 2-lsland 4-lsland 
Wet Normal Normal Drv Critical Evacoration Evaporation 

Oct 238 238 238 238 238 3.3 6.5 
Nov 238 238 238 238 238 1.5 3.0 
Dec 238 238 238 238 238 0.8 1.6 
Jan 238 238 238 238 238 0.9 1.8 
Feb 238 238 238 238 238 1.7 3.4 
Mar 238 238 238 238 238 3.0 6.0 
Apr 238 238 238 238 238 4.5 9.0 
May 238 238 238 238 238 6.1 12.2 
Jun 238 238 238 238 238 7.0 14.0 
Jul 238 238 238 238 238 8.0 16.0 
Aug 238 238 238 238 238 7.1 14.2 
Sep 238 238 238 238 238 5.2 10.4 



Table A~-3. Continued 

OW storage evaporation (TAF) 

Above Below NetCU 2 Island 4 Island 
Wet Normal Normal Dry Critical Reductions NetCU NetCU 

Oct 3.3 3.3 3.3 3.3 3.3 0.0 -0.6 2.5 
Nov 1.5 1.5 1.5 1.5 1.5 0.0 -0.7 1.8 
Dec 0.8 0.8 0.8 0.8 0.8 0.0 -1.3 0.9 
Jan 0.9 0.9 0.9 0.9 0.9 0.0 0.9 1.1 
Feb 1.7 1.7 1.7 1.7 1.7 0.0 1.3 2.3 
Mar 3.0 3.0 3.0 3.0 3.0 0.0 4.5 3.4 
Apr 4.5 4.5 4.5 4.5 4.5 0.0 3.0 4.4 
May 6.1 6.1 6.1 6.1 6.1 0.0 3.7 6.2 
Jun 7.0 7.0 7.0 7.0 7.0 0.0 4.1 7.8 
Jul 8.0 8.0 8.0 8.0 8.0 0.0 4.8 9.2 
Aug 7.1 7.1 7.1 7.1 7.1 0.0 3.7 7.1 
Sep 5.2 5.2 5.2 5.2 5.2 0.0 1.5 4.1 

Maximum OW diversion (cfs) 

Required Required 
Above Below Delta QWEST 

Wet Normal Normal D~ Critical Outflow Flow 

Oct 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Nov 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Dec 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jan 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Feb 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Mar 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Apr 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
May 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jun 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jul 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Aug 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Se 4,000 4,000 4,000 4,000 4,000 3,000 15,000 

Maximum OW discharge (cfs) 

Required Required 
Above Below Delta QWEST 

Wet Normal Normal D~ Critical Outflow Flow 

Oct 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Nov 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Dec 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jan 4,000 4,000 ° 4,000 4,000 4,000 3,000 (15,000) 
Feb 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Mar 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Apr 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
May 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jun 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Jul 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Aug 4,000 4,000 4,000 4,000 4,000 3,000 (15,000) 
Se 4,000 4,000 4,000 4,000 4,000 3,000 15,000 

OW discharge to outflow (cfs) 

Above Below 
Wet Normal Normal D~ Critical 

Oct 0 0 0 0 0 
Nov 0 0 0 0 0 
Dec 0 0 0 0 0 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 0 0 0 0 0 
Apr 0 0 0 0 0 
May 0 0 0 0 0 
Jun 0 0 0 0 0 
Jul 0 0 0 0 0 
Aug 0 0 0 0 0 
Se 0 0 0 0 0 



Table A~-4a. Adjustments to DWRSIM Delta Exports: 
Initial D WRSIM Exports ( cfs) 

Water .· ... 
· .. ··.<A Totlll 

Year Oct .· Nov Dec ··Jan Feb .Mar Apr May .. >. :· : .Jun· / Jut . ·. ug Sap· (TAF) 

1922 6,550 6,936 11,472 12,146 12,821 10,357 8,002 8,756 11.2n 3,357 4,4n 6,502 5,909 
1923 11,027 10,941 11,678 9,491 4,073 6,094 7,714 6,266 6,528 11,287 11,287 6,367 5,923 
1924 8,063 7,488 11,006 11,574 8,040 4,123 2,792 2,970 4,364 6,480 4,894 3,592 4,442 
1925 8,500 6,640 8,870 7,297 11,762 7,948 6,702 5,186 6,542 11,287 8,405 6,050 5,487 
1926 9,170 6,932 7,643 11,483 11,762 6,252 6,048 5,126 5,524 11,287 7,966 5,969 5,490 
1927 8,909 10,941 11,194 11,346 11,366 7,957 8,094 8,044 6,458 7,379 5,802 6,114 5,990 
1928 9,387 10,941 11,363 11,n4 8,317 8,570 7,372 5,834 6,312 11,287 7,563 6,299 6,064 
1929 6,853 8,671 10,447 9,696 8,462 4,051 3,042 3,208 5,706 9,560 2,784 3,270 4,483 
1930 7,526 5,921 9,097 11,467 6,634 11,233 3,589 3,538 5,521 10,025 3,388 5,196 4,812 
1931 5,125 4,536 5,711 10,047 6,382 4,262 3,170 2,667 4,267 5,068 537 3,456 3,236 
1932 6,131 5,384 11,235 11,466 7,580 3,147 5,096 4,103 2,463 3,426 3,449 5,359 3,941 
1933 5,085 5,071 6,016 11,380 7,285 4,810 3,759 3,490 5,464 4,369 853 3,466 3,586 
1934 4,430 3,667 8,872 11,508 6,392 6,514 3,660 2,996 5,676 4,096 670 3,538 3,640 
1935 4,288 7,524 8,069 11,763 6,332 10,528 8,094 8,356 7,232 11,287 8,985 5,889 5,687 
1936 7,316 6,839 7,641 11,863 12,821 11,700 7,180 6,072 6,492 11,287 6,951 5,972 5,910 
1937 6,715 6,436 9,923 11 '101 12,821 12,038 8,026 6,758 5,821 6,808 5,083 6,039 5,631 
1938 7,040 10,941 11,351 12,351 8,442 7,195 6,762 8,128 10,257 4,910 4,730 11,243 5,666 
1939 11,027 10,745 7,734 6,619 5,117 5,394 4,174 3,874 5,616 11,287 7,510 5,360 4,882 
1940 8,282 6,316 7,371 11,706 12,142 11,726 8,094 6,834 6,312 11,287 10,233 6,245 6,160 
1941 8,071 7,372 11,453 12,450 12,821 10,470 8,042 7,802 8,448 3,051 4,473 9,692 5,808 
1942 11,027 10,941 7,714 7,318 7,n4 7,168 8,549 8,756 11,263 3,090 4,4n 10,665 5,424 
1943 11,027 10,941 8,451 7,457 8,023 7,200 8,549 6,755 6,041 6,754 5,054 5,998 5,314 
1944 9,711 10,399 7,368 11,423 12,388 8,365 4,020 3,974 6,624 11,287 6,764 6,074 5,680 
1945 8,969 10,941 11,420 11,287 10,924 8,523 5,882 5,056 7,468 9,096 5,883 6,359 5,868 
1946 10,559 10,941 11,521 11,968 7,309 9,016 5,884 5,356 7,026 11,287 7,099 6,440 6,020 
1947 8,225 8,384 11,304 10,935 10,454 8,216 4,338 3,896 5,432 11,287 11,287 6,380 5,766 
1948 9,681 7,999 7,768 10,908 6,428 6,020 6,442 7,708 8,266 11,287 11,287 10,786 5,768 
1949 11,027 9,195 8,590 8,687 7,038 11,538 4,946 4,852 6,202 10,058 5,789 6,545 5,415 
1950 9,168 7,076 6,630 11,566 11,762 8,645 5,928 5,394 7,002 11,287 11,287 6,346 5,886 
1951 11,027 10,941 11,853 12,729 10,612 8,652 6,244 6,974 6,294 11,287 9,071 6,609 6,485 
1952 9,088 10,941 11,304 12,729 12,449 7,510 7,257 8,302 9,852 8,454 5,837 11,243 6,367 
1953 9,948 7,887 7,688 4,818 4,822 6,543 5,948 7,490 10,551 7,678 5,864 8,801 4,892 
1954 11,027 10,941 10,684 8,617 8,140 8,387 7,372 6,762 6,250 11,287 9,586 6,720 6,086 
1955 7,849 10,941 11,253 11,636 9,443 4,524 3,534 3,938 6,550 11,287 11,287 7,614 5,675 
1956 7,994 1.n1 11,301 12,729 12,672 8,442 7,588 8,756 10,011 8,475 6,274 11,243 6,264 
1957 11,027 1o,n8 7,452 11,375 8,292 7,670 5,786 5,596 6,742 11,287 11,287 7,038 5,980 
1958 11,027 10,941 11,372 11 ,810 11,057 8,055 8,859 8,756 10,769 5,892 7,175 11,243 6,487 
1959 11,027 7,978 7,793 7,159 5,733 6,424 3,764 3,928 5,924 11,287 7,941 6,958 4,875 
1960 8,999 6,801 11,154 9,364 11,792 7,956 3,798 3,398 5,618 11,287 10,483 6,543 5,580 
1961 8,732 8,172 10,870 9,056 11,685 7,300 3,570 3,408 5,568 11,287 9,614 6,601 5,496 
1962 8,462 6,874 10,368 7,553 12,255 10,191 4,190 4,916 5,922 11,287 7,334 6,858 5,502 
1963 11,027 10,941 11,266 11,463 9,220 8,674 8,098 8,356 7,036 10,061 6,061 8,196 6,276 
1964 11,027 10,941 10,271 11,259 6,438 5,072 3,624 3,930 5,614 11,287 11,287 7,408 5,586 
1965 7,200 10,360 11,308 12,729 11,966 8,487 8,550 8,674 6,322 11,287 6,992 6,517 6,3n 
1966 11,027 10,941 11,556 12,073 8,468 7,804 5,072 4,860 5,914 11,287 10,628 6,633 6,121 
1967 8,718 10,672 11,526 11,916 10,784 6,352 7,644 8,128 10,257 1o.n5 5,927 11,243 6,306 
1968 9,342 7,641 6,876 4,239 4,835 6,480 4,666 3,870 5,924 11,287 7,538 6,684 4,499 
1969 9,074 8,547 11,249 12,373 11,632 6,647 6,727 7,690 9,600 6,578 5,360 11,243 5,871 
1970 11,027 7,887 7,427 4,700 4,822 6,543 5,990 4,706 6,268 11,287 6,324 6,526 4,757 
1971 9,054 10,941 11,411 11,618 9,028 10,190 6,116 7,704 9,028 11,287 6,640 10,061 6,326 
1972 11,027 10,941 11,264 10,891 8,473 8,443 4,578 3,924 5,870 11,287 11,287 7,294 6,022 
1973 10,113 10,941 11,250 11,573 12,382 7,836 6,n2 6,930 7,786 11,110 6,124 6,866 6,314 
1974 10,863 10,941 11,352 11,037 8,319 8,492 8,550 8,701 8,864 8,065 6,913 11,243 6,270 
1975 11,027 10,941 9,893 7,640 6,018 7,644 8,266 8,756 10,439 9,670 6,241 11,243 5,935 
1976 11,027 10,941 10,586 8,462 8,468 6,038 3,070 3,268 5,896 7,623 3,547 4,042 4,874 
19n 5,434 6,433 11,057 4,844 6,067 4,197 2,825 2,394 1,076 1,817 941 3,580 2,956 
1978 4,415 3,326 10,812 10,363 5,453 5,280 6,313 6,696 6,613 2,839 4,473 8,219 4,131 
1979 11,027 10,941 6,331 10,707 7,836 8,114 6,604 6,512 8,100 8,864 5,187 6,117 5,555 
1980 7,828 10,941 11,332 12,621 8,081 6,096 6,262 6,n2 5,681 3,232 4,873 10,445 5,163 
1981 11,027 10,941 9,165 7,318 7,n4 7,239 5,026 3,874 5,534 11,287 7,551 6,005 5,345 
1982 8,382 10,941 11.217 12,015 11,725 8,742 8,607 9,742 11,2n 8,589 8,123 11,243 6,708 
1983 11,027 8,298 7,936 6,107 4,628 4,948 6,594 6,273 7,679 7,796 1o.1n 8,388 5,028 
1984 7,062 5,299 5,242 3,218 4,144 6,341 6,270 5,104 6,664 10,505 5,856 10,243 4,078 
1985 11,027 10,941 11,708 7,800 8,028 7,408 3,696 4,418 5,480 11,287 10,258 6,439 5,666 
1986 8,726 7,912 11,320 11,410 12,821 10,247 8,347 7,354 6,322 6,447 5,051 8,075 5,901 
1987 11,027 8,936 7,785 9,199 9,758 10,838 3,800 3,456 5,534 11,287 8,755 6,020 5,565 
1988 6,587 6,114 11,175 11,273 6,370 4,724 2,964 3,114 5,768 7,321 4,885 3,498 4,355 
1989 4,627 5,403 6,928 8,317 6,836 11,402 5,466 4,050 5,500 11,287 11,287 6,501 5,006 
1990 5,470 3,927 7,841 11,255 6,076 4,468 3,620 2,804 5,804 7,330 5,021 3,857 3,953 
1991 4,665 3,854 5,073 6,171 6,384 11 '142 3,790 2,873 5,453 5,022 4,228 4,544 3,654 

Averaae 8,785 8,654 9,631 10,061 8,789 7,666 5,854 5,699 6,842 8,898 6,832 7,101 5,402 



Table A1-4b. Adjustments to DWRSIM Delta Exports: 
DeltaSOS Adjustments (cfs) 

Water Total 
Year Oct Nov Dec Jan .Feb · ..• Mar APr .... · .•.• :May· Jun Jul Aug Sep (T~F) 

1922 1 0 (55) (45) (121) 1,343 919 1,194 3 2 0 1 195 
1923 253 339 (51) 3,209 0 1 714 535 (2) (7) (7) 1 300 
1924 0 (2) (1) (40) 0 2 (1) 0 (3) (1) (1) 0 (3) 
1925 0 0 0 (2) (129) 0 678 464 1 (7) 0 1 61 
1926 0 (2) 1 (39) (129) (0) 562 2 0 (7) 0 0 23 
1927 0 339 (60) (37) 731 3,504 1,056 479 (1) 0 0 1 362 
1928 0 339 (56) (42) 3,003 2,698 808 1 1 (7) 0 0 406 
1929 1 (1) 0 (1) (0) (1) 0 (1) (1) 0 0 1 (0) 
1930 (1) (1) 1 (39) 1 (104) 0 0 (1) 1 2 (1) (9) 
1931 0 0 0 (1) (1) 1 (1) 1 (1) (1) 0 0 (0) 
1932 1 1 (59) (39) 2,166 0 1 0 0 1 (1) 0 125 
1933 1 (1) (1) 0 (0) 0 0 0 0 0 1 2 0 
1934 1 (1) 1 (39) 1 1 0 0 0 0 1 (1) (2) 
1935 0 (1) 0 (42) (1) 1 1,056 0 (1) (7) (1) 1 61 
1936 1 (1) 1 (43) (121) (239) en 541 (1) (7) (1) (1) 49 
1937 1 (1) (1) (0) (121) (338) 920 (268) (1) 1 0 0 12 
1938 0 339 (57) (47) 4,258 4,505 3,188 3,152 1,023 0 0 37 988 
1939 253 535 3,666 4,417 2,637 (1) 1 (1) (1) (7) (1) 2 693 
1940 0 (2) 1 (41) (133) (265) 1,056 1 1 (7) 0 0 37 
1941 0 0 (56) (49) (121) 1,230 3,238 2,148 0 2 1 1 385 
1942 253 339 3,864 5,130 4,926 4,155 1,401 1,194 (1) 1 0 1 1,281 
1943 253 339 2,928 5,057 4,en 4,500 1,401 (1) 1 0 1 1 1,154 
1944 (1) 0 0 (1) (136) 1,097 0 (1) (1) (7) 0 1 57 
1945 1 (1) (56) (1) 1.ne 2,938 583 629 (1) 1 (1) 0 354 
1946 0 339 (53) (44) 0 0 584 (1) (0) (7) (1) 1 49 
1947 1 (1) (1) 0 0 1 0 0 0 (7) (7) 0 (1) 
1948 0 0 (1) 2 0 1 380 672 (0) (7) (7) 0 63 
1949 0 (1) 0 (1) 0 (269) 553 0 0 (1) 0 0 17 
1950 1 (2) (1) (40) (129) (1) 624 1 (1) (7) (7) 0 26 
1951 2 339 (153) (29) 1,970 2,809 609 513 0 (7) 1 1 365 
1952 1 339 (58) (29) 13 3,989 2,693 1,648 1,428 (1) 0 37 606 
1953 1,332 3,393 3,705 7,448 5,786 2,157 625 392 (0) (1) 0 0 1,496 
1954 253 339 0 2,843 3,493 2,881 1,008 0 0 (7) 1 0 651 
1955 2 339 (59) (41) 0 1 406 372 (0) (7) (7) 1 61 
1956 (2) 0 (58) (29) 28 3,019 888 1,194 (1) 0 (1) 37 306 
1957 253 (1) (1) 0 3,604 3,598 0 451 0 (7) (7) 1 475 
1958 253 339 (57) (42) 1,449 3,645 2,421 1,194 511 (1) (1) 37 587 
1959 253 3,302 663 4,672 6.499 1 0 (1) (1) (7) (1) 1 927 
1960 1 (1) (61) (1) (129) (0) 1 0 (0) (7) (1) 0 (12) 
1961 1 (1) (2) (1) (128) (0) 1 0 0 (7) 1 0 (8) 
1962 1 0 0 1 (134) (0) (1) 0 0 (7) 1 1 (8) 
1963 253 339 (59) (39) 2,789 2,789 1,052 794 (0) 0 (1) 1 4n 
1964 253 339 (1) 303 0 1 0 (2) (1) (7) (7) 1 53 
1965 1 (1) (58) (29) 43 (1) 1,400 (1) (1) (7) 1 1 81 
1966 253 339 (53) 89 2,669 2,724 551 (1) (0) (7) 0 0 396 
1967 1 (2) (54) (43) 1,908 5,109 2,306 1,822 1,023 505 0 37 760 
1968 1,938 3,639 4,422 7,460 6,991 4,788 0 (1) (1) (7) (1) 1 1,761 
1969 0 (2) (59) (48) 1,068 5,053 3,223 3,590 1,680 (1) (1) 37 876 
1970 253 3,393 4,156 8,000 7,878 4,918 1 380 (1) (7) 0 0 1,746 
1971 1 339 (56) (40) 0 1,078 534 676 (1) (7) (1) 1 152 
1972 253 175 (59) en 1,499 2,825 2 0 (1) (7) (7) 0 323 
1973 2 339 (59) (40) (117) 3,864 648 513 1 0 (1) 1 310 
1974 0 339 (57) 962 3,690 2,970 1,400 736 0 0 (1) 37 607 
1975 253 339 1,372 3,756 6,593 3,817 937 1,194 0 (1) (1) 37 1,102 
1976 253 339 o- 15 716 (0) 2 (1) 0 0 0 0 80 
19n 0 (1) 1 0 0 1 0 1 0 1 0 0 0 
1978 (1) 0 1 1,467 6,967 6,209 3,637 1,831 0 0 0 0 1,212 
1979 253 339 (1) 1,142 4,864 3,532 636 527 (1) 1 (1) 1 680 
1980 1 339 (57) 79 4,619 5,604 1,802 (256) 1 1 0 0 731 
1981 253 189 2,234 4,511 3,484 4,101 1 (1) (1) (7) (1) 1 890 
1982 0 339 (60) (44) 975 2,958 2,673 1,538 3 (1) 0 37 507 
1983 253 2,982 3,764 6,593 8,072 6,752 4,686 5,007 3,601 3.484 1,103 2,892 2,964 
1984 4,218 5,981 6,458 9,482 8,556 5,359 611 1,380 (1) 0 1 0 2,533 
1985 253 339 (50) 3,997 210 (1) 322 (1) (1) (7) 1 0 305 
1986 1 (1) (58) (38) (121) 1,453 2,933 (544) (1) (1) 0 0 218 
1987 223 (2) (1) 0 0 383 0 (1) (1) (7) 0 0 36 
1988 .1 (1) (61) (37) 0 (1) 1 0 (2) (1) 1 (1) (6) 
1989 2 0 1 0 (0) (272) 586 (1) (0) (7) (7) (1) 18 
1990 0 0 1 (~~ (1) 1 1 0 m 1 (1) 1 ~;~ 1991 1 1 (1) 0 (63\ (1) 0 0 0 (1) 

Avera,ge 179 453 507 1,144 1,698 1,754 843 510 132 54 15 46 442 



Table A~-4c. Adjustments to DWRSIM Delta Exports: 
DeltaSOS Adjusted Exports (cfs) 

Water Total 
Year Oct Nov Dec Jan Feb Mar Apr May ., Jun· Jul Aug Sep (TAF) 

1922 6,551 6,936 11,417 12,101 12,700 11,700 8,921 9,950 11,280 3,359 4,477 6,503 6,380 
1923 11,280 11,280 11,627 12,700 4,073 6,095 8.428 6,801 6,526 11,280 11,280 6,368 6.491 
1924 8,063 7,486 11,005 11,534 8,040 4,125 2,791 2,970 4,361 6,479 4,893 3,592 4,539 
1925 8,500 6,640 8,870 7,295 11,633 7,948 7,380 5,650 6,543 11,280 8,405 6,051 5,796 
1926 9,170 6,930 7,644 11,444 11,633 6,252 6,610 5,128 5,524 11,280 7,966 5,969 5,757 
1927 8,909 11,280 11,134 11,309 12,097 11,461 9,150 8,523 6,457 7,379 5,802 6,115 6,604 
1928 9,387 11,280 11,307 11,732 11,320 11,268 8,180 5,835 6,313 11,280 7,563 6,299 6,734 
1929 6,854 8,670 10,447 9,695 8,462 4,050 3,042 3,207 5,705 9,560 2,784 3,271 4,564 
1930 7,525 5,920 9,098 11,428 6,635 11,129 3,589 3,538 5,520 10,026 3,390 5,195 5,000 
1931 5,125 4,536 5,711 10,046 6,381 4,263 3,169 2,668 4,266 5,067 537 3.456 3,327 
1932 6,132 5,385 11,176 11.427 9,746 3,147 5,097 4,103 2,463 3.427 3,448 5,359 4,272 
1933 5,086 5,070 6,015 11,380 7,285 4,810 3,759 3.490 5,464 4,369 854 3,468 3,678 
1934 4,431 3,666 8,873 11,469 6,393 6,515 3,660 2,996 5,676 4,096 671 3,537 3,734 
1935 4,288 7,523 8,069 11,721 6,331 10,529 9,150 8,356 7,231 11,280 8,984 5,890 5,986 
1936 7,317 6,838 7.642 11,820 12,700 11,461 7,857 6,613 6.491 11,280 6,950 5,971 6,202 
1937 6,716 6,435 9,922 11,101 12,700 11,700 8,946 6,490 5,820 6,809 5,083 6,039 5,890 
1938 7,040 11,280 11,294 12,304 12,700 11,700 9,950 11,280 11,280 4,910 4,730 11,280 7,215 
1939 11,280 11,280 11,400 11,036 7,754 5,393 4,175 3,873 5,615 11,280 7,509 5,362 5,781 
1940 8,282 6,314 7,372 11,665 12,009 11.461 9,150 6,835 6,313 11,280 10,233 6,245 6.456 
1941 8,071 7,372 11,397 12,401 12,700 11,700 11,280 9,950 8,448 3,053 4,474 9,693 6,660 
1942 11,280 11,280 11,578 12,448 12,700 11,323 9,950 9,950 11,262 3,091 4,477 10,666 7,230 
1943 11,280 11,280 11,379 12,514 12,700 11,700 9,950 6,754 6,042 6,754 5,055 5,999 6,712 
1944 9,710 10,399 7,368 11,422 12,252 9.462 4,020 3,973 6,623 11,280 6,764 6,075 5,986 
1945 8,970 10,940 11,364 11,286 12,700 11.461 6.465 5,685 7.467 9,097 5,882 6,359 6,487 
1946 10,559 11,280 11.468 11,924 7,309 9,016 6,468 5,355 7,026 11,280 7,098 6,441 6,340 
1947 8,226 8,383 11,303 10,935 10,454 8,217 4,338 3,896 5,432 11,280 11,280 6,380 6,032 
1948 9,681 7,999 7,767 10,910 6,428 6,021 6,822 8,380 8,266 11,280 11,280 10,786 6,364 
1949 11,027 9,194 8,590 8,686 7,038 11,269 5,499 4,852 6,202 10,057 5,789 6,545 5,709 
1950 9,169 7,074 6,629 11,526 11,633 8,644 6,552 5,395 7,001 11,280 11,280 6,346 6,177 
1951 11,029 11,280 11,700 12,700 12,582 11,461 6,853 7.487 6,294 11,280 9,072 6,610 7,131 
1952 9,089 11,280 11,246 12,700 12,462 11,499 9,950 9,950 11,280 8.453 5,837 11,280 7,533 
1953 11,280 11,280 11,393 12,266 10,608 8,700 6,573 7,882 10,551 7,677 5,864 8,801 6,801 
1954 11,280 11,280 10,684 11,460 11,633 11,268 8,380 6,762 6,250 11,280 9,587 6,720 7,024 
1955 7,851 11,280 11,194 11,595 9,443 4,525 3,940 4,310 6,550 11,280 11,280 7,615 6,077 
1956 7,992 7,771 11,243 12,700 12,700 11,461 8.476 9,950 10,010 8,475 6,273 11,280 7,129 
1957 11,280 10.777 7,451 11,375 11,896 11,268 5,786 6,047 6,742 11,280 11,280 7,039 6,761 
1958 11,280 11,280 11,315 11,768 12,506 11,700 11,280 9,950 11,280 5,891 7,174 11,280 7,634 
1959 11,280 11,280 8,456 11,831 12,232 6,425 3,764 3,927 5,923 11,280 7,940 6,959 6,103 
1960 9,000 6,800 11,093 9,363 11,663 7,956 3,799 3,398 5,618 11,280 10,482 6,543 5,844 
1961 8,733 8,171 10,868 9,055 11,557 7,300 3,571 3,408 5,568 11,280 9,615 6,601 5,768 
1962 8,463 6,874 10,368 7,554 12,121 10,191 4,189 4,916 5,922 11,280 7,335 6,859 5,788 
1963 11,280 11,280 11,207 11,424 12,009 11,463 9,150 9,150 7,036 10,061 6,060 8,197 7,129 
1964 11,280 11,280 10,270 11,562 6,438 5,073 3,624 3,928 5,613 11,280 11,280 7,409 5,967 
1965 7,201 10,359 11,250 12,700 12,009 8,486 9,950 8,673 6,321 11,280 6,993 6,518 6,732 
1966 11,280 11,280 11,503 12,162 11,137 10,528 5,623 4,859 5,914 11,280 10,628 6,633 6,798 
1967 8,719 10,670 11,472 11,873 12,692 11.461 9,950 9,950 11,280 11,280 5,927 11,280 7,625 
1968 11,280 11,280 11,298 11,699 11,826 11,268 4,666 3,869 5,923 11,280 7,537 6,685 6,544 
1969 9,074 8,545 11,190 12,325 12,700 11,700 9,950 11,280 11,280 6,577 5,359 11,280 7,306 
1970 11,280 11,280 11,583 12,700 12,700 11,461 5,991 5,086 6,267 11,280 6,324 6,526 6,777 
1971 9,055 11,280 11,355 11,578 9,028 11,268 6,650 8,380 9,027 11,280 6,639 10,062 6,965 
1972 11,280 11,116 11,205 11,568 9,972 11,268 4,580 3,924 5,869 11,280 11,280 7,294 6,666 
1973 10,115 11,280 11,191 11,533 12,265 11,700 7.420 7,443 7,787 11,110 6,123 6,867 6,919 
1974 10,863 11,280 11,295 11,999 12,009 11.462 9,950 '9,437 8,864 8,065 6,912 11,280 7,436 
1975 11,280 11,280 11,265 11,396 12,611 11,461 9,203 9,950 10,439 9,669 6,240 11,280 7,596 
1976 11,280 11,280 ftl,586 8.477 9,184 6,038 3,072 3,267 5,896 7,623 3,547 4,042 5,079 
1977 5,434 6,432 11,058 4,844 6,067 4,198 2,825 2,395 1,076 1,818 941 3,580 3,053 
1978 4.414 3,326 10,813 11,830 12.420 11,489 9,950 8,527 6,613 2,839 4.473 8,219 5,719 
1979 11,280 11,280 6,330 11,849 12,700 11,646 7,240 7,039 8,099 8,865 5,186 6,118 6,485 
1980 7,829 11,280 11,275 12,700 12,700 11,700 8,064 6,516 5,682 3,233 4,873 10,445 6,404 
1981 11,280 11,130 11,399 11,829 11,258 11,340 5,027 3,873 5,534 11,280 7,550 6,006 6.477 
1982 8,382 11,280 11,157 11,971 12,700 11,700 11,280 11.280 11,280 8,588 8,123 11,280 7,773 
1983 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11.280 11,280 11,280 11,280 11,280 8,377 
1984 11,280 11,280 11,700 12,700 12,700 11,700 6,881 6,484 6,663 10,505 5,857 10,243 7,109 
1985 11,280 11,280 11,658 11,797 8,238 7.407 4,018 4.417 5.479 11,280 10,259 6,439 6,239 
1986 8,727 7,911 11,262 11,372 12,700 11,700 11,280 6,810 6,321 6,446 5,051 8,075 6,486 
1987 11,250 8,934 7,784 9,199 9,758 11,221 3,800 3.455 5,534 11,280 8,755 6,020 5,844 
1988 6,588 6,113 11,114 11.236 6,370 4,723 2,965 3,114 5,766 7,320 4,886 3.497 4,440 
1989 4,629 5,403 6,929 8,317 6,836 11,130 6,052 4,049 5,500 11,280 11,280 6,500 5,296 
1990 5,470 3,927 7,842 11,219 6,075 4,469 3,621 2,804 5,803 7,331 5,020 3,858 4,063 
1991 4,666 3,855 5,072 6,170 6,384 11,079 3,789 2,873 5.452 5,022 4,228 4,543 3,804 

Averaae 8,965 9,107 10,138 11,205 10,487 9.420 6,697 6.209 6,974 8,952 6,847 7,147 6,154 



Table A~-5. DeltaSOS Mean Annual Simulation Output 
for the No-Project Alternative 
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1 
2 
5 
3 
4 
2 
3 
5 
5 
5 
2 
4 
5 
2 
2 
1 
1 
4 
2 
1 
1 
1 
3 
2 
2 
4 
3 
3 
3 
2 
1 
3 
3 
4 
1 
3 
1 
4 
5 
5 
3 
2 
4 
1 
3 
1 
4 
1 
2 
3 
4 
2 
1 
1 
5 
5 
1 
2 
1 
4 
1 
1 
2 
4 
1 
5 
5 
5 
5 
5 

Added 
Sac 
Flow 
{fAF} 

New Required Added New .Steam & DCC Revised ReviSed -· · Revised QWESTw/ 
Sac / SJR -. SJR • • SJR Sutter . Ri~ Vista DCC Georgiana .RiaVista Initial 
Row Row -· Row • -· Raw - Flow •• ReductiOn • Row · &DCC - ·. · · Flow • · · .. Export 
(TAF) .(TAF) (TAf) (tAf) .(TAF) . ····--(TAt) / i (TAF} • --•·•··-- (TAF=) (TAF) -- <(TAFj ·._ 

0 15,237 
0 14,489 
0 8,586 
0 12,064 
0 11,614 
0 19,015 
0 18,455 
0 8,696 
0 10,768 
0 6,775 
0 8,618 
0 7,535 
0 8,173 
0 12,496 
0 13,335 
0 12,426 
0 28,179 
0 10,712 
0 17,638 
0 23,780 
0 25,353 
0 20,972 
0 11,388 
0 12,566 
0 16,177 
0 10,949 
0 13,098 
0 11,993 
0 12,811 
0 21,672 
0 28,323 
0 18,839 
0 19,873 
0 11,447 
0 21,768 
0 15,092 
0 26,266 
0 14,716 
0 11,339 
0 11,459 
0 12,372 
0 20,611 
0 12,397 
0 19,519 
0 13,901 
0 22,181 
0 15,971 
0 23,660 
0 21,543 
0 20,939 
0 13,210 
0 19,810 
0 29,264 
0 20,440 
0 10,456 
0 6,824 
0 1-6,859 
0 13,993 
0 18,292 
0 13,093 
0 29,591 
0 35,577 
0 23,213 
0 13,038 
0 18,958 
0 10,952 
0 9,416 
0 11,782 
0 8,675 
0 8,612 

0 15,998 

1,682 
1,663 

820 
1,213 
1,159 
1,663 
1,295 

820 
816 
790 

1,244 
1,004 

820 
1,555 
1,663 
1,682 
1,759 
1,004 
1,663 
1,759 
1,759 
1,759 
1,140 
1,507 
1,507 
1,056 
1,140 
1,140 
1,192 
1,663 
1,759 
1,295 
1,295 
1,056 
1,759 
1,244 
1,759 
1,159 

872 
842 

1,110 
1,585 
1,056 
1,759 
1,244 
1,759 
1,211 
1,759 
1,585 
1,295 
1,107 
1,663 
1,759 
1,682 

820 
790 

1,729 
1,663 
1,759 
1,211 
1,759 
1,759 
1,585 
1,107 
1,682 

846 
790 
842 
790 
816 

1,336 

0 3,037 
73 2,564 

4 1,264 
29 1,491 

0 1,511 
71 1,963 
30 1,736 

2 1,306 
28 1,168 

2 1,257 
0 1,655 
0 1,388 
4 1,205 

54 2,105 
80 2,221 
56 2,860 

0 5,428 
0 1,695 

78 1,973 
0 3,677 
0 2,986 

78 3,229 
45 1,688 
77 2,321 

0 2,071 
50 1,607 

3 1,421 
49 1.472 

0 1,532 
80 2,663 

0 3,023 
0 1,965 

29 1,601 
9 1,374 
0 3,270 

27 1,812 
1 3,397 

69 1,800 
30 1,247 
40 1,179 
45 1,530 

0 1,934 
36 1,394 
80 2,404 
49 2,011 

0 3,304 
49 1,709 

0 5,442 
74 3,357 

0 1,732 
0 1,515 

78 2,252 
2 2,240 
0 2,310 
9 1,169 
0 1,016 
0 2,267 

78 2,378 
0 4,818 

49 1,962 
3 5,389 
0 15,726 

74 6,524 
50 1,909 

0 4,814 
16 1,661 

6 1,020 
31 1,036 

4 944 
37 995 

4,804 
4,395 
2,261 
3,509 
3,338 
6,229 
6,051 
2,314 
3,052 
1,651 
2,274 
1,931 
2,172 
3,700 
3,996 
3,671 
9,982 
3,007 
5,687 
8,157 
8,822 
6,984 
3,253 
3,714 
5,102 
3,089 
3,868 
3,503 
3,774 
7,244 
9,970 
6,162 
6,490 
3,263 
7,335 
4,642 
9,182 
4,523 
3,228 
3,280 
3,632 
6,877 
3,615 
6,453 
4,172 
7,439 
5,020 
8,066 
7,316 
6,908 
3,920 
6,529 

10,392 
6,784 
2,943 
1,703 
5,405 
4,235 
6,032 
3,885 

10,473 
12,980 
7,985 
3,861 
6,463 
3,102 
2,563 
3,442 
2,288 
2,286 

27 2,428 5,091 

0 
0 

32 
0 
0 
0 
0 

42 
0 

91 
0 

97 
66 
29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

36 
31 

0 
0 
0 
0 
0 
0 
0 
0 
0 

38 
31 
52 
29 

949 
1,567 
1,115 
1,438 
1.419 
1,355 
1,477 
1,147 
1,269 

875 
1,142 

908 
916 

1,301 
1,365 
1,290 
1,057 
1,498 
1,469 
1,370 
1,151 
1,426 
1,423 
1,386 
1,435 
1,438 
1,630 
1,421 
1,525 
1,526 
1,183 
1,240 
1,575 
1,488 
1,499 
1,623 
1,243 
1,536 
1,455 
1,434 
1.418 
1,184 
1,540 
1,378 
1,502 
1,144 
1,525 
1,543 
1,506 
1,583 
1,524 
1,487 
1,580 
1,674 
1,324 

821 
1,187 
1,449 
1,267 
1,436 
1,562 
1,050 
1,190 
1,485 
1,300 
1,383 
1,161 
1,324 
1,143 
1,072 

8 1,347 

3,631 
4,039 
2,902 
3,630 
3,554 
4,501 
4,542 
2,939 
3,310 
2,453 
2,924 
2,579 
2,658 
3,554 
3,727 
3,547 
5,533 
3,498 
4,408 
5,188 
5,211 
4,820 
3,528 
3,653 
4,178 
3,480 
3,917 
3,616 
3,793 
5,004 
5,647 
4,362 
4,778 
3,587 
5,011 
4,175 
5,417 
4,064 
3,546 
3,545 
3,656 
4,566 
3,756 
4,592 
3,913 
4,729 
4,226 
5,297 
5,006 
4,932 
3,842 
4,717 
6,144 
4,962 
3,307 
2,391 
4,063 
3,884 
4,358 
3,756 
6,157 
6,551 
4,958 
3,790 
4,534 
3,437 
3,048 
3,490 
2,939 
2,863 

4,090 

11,586 
10,425 

5,437 
9,040 
8,157 

17,527 
14,653 
5,573 
7,368 
4,103 
5,630 
4,753 
5,386 
9,935 

10,821 
8,936 

31,093 
6,983 

17,640 
27,629 
25,051 
17,571 
7,790 
9,005 

13,192 
7,285 
8,948 
8,292 
8,851 

18,363 
24,889 
16,711 
15,551 
7,775 

24,852 
11,044 
29,612 
10,754 
7,825 
7,844 
9,182 

18,800 
8,495 

19,247 
10,033 
19,913 
12,181 
23,945 
24,373 
16,920 
9,253 

18,433 
30,030 
16,153 

6,917 
4,233 

15,113 
10,011 
19,356 
9,162 

30,065 
42,561 
22,157 
9,191 

23,167 
7,300 
6,236 
8,090 
5,561 
5,552 

13,793 

799 
440 

(1,155) 
(692) 

(1,062) 
187 

~~~~ (1,046 
(312 
283 

(350) 
(447) 
(397) 
111 
780 

5,880 
(535) 

75 
2,926 
2,769 
3,244 

(1,189! (269 
(90 

(1 ,609 

~1 ,455~ 1,064 
1,185 
1,932 
2,938 

742 
(551) 

(1 ,441) 
2,350 
(765) 

2,997 
88 

(1,67~ 
(1 ,739 

(97 
(43) 

(1 ,394) 
734 

(984) 
1,922 

681 
5,665 
3,727 

(210) 
(1 ,574) 

970 
2,113 

894 
(1 ,287) 

(453) 
2,146 

330 
4,215 

(461) 
6,928 

21,566 
8,203 

(615) 
4,966 

(1 ,295) 
(986) 

(1~~ 

862 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: l=wet, 2=above normal, 3=below normal, 4=dry, 5=criticallydry 
Negative values shown in parentheses. 



Table A1-5. Continued 

·•Reduced Initial .·. I Initial · ·Required ReVised• ReduCed • 
... fleduced Net .. • ..• • Adjusted· Revised Revised 

•Expert for camnsvme Chipps. Delta ·· iMonte;z; •• . Expert for . Export··• Export •.Exp()rL. Total···· .. QWEST CollinsVille 
Water QWEST .. ·. Outffow outflow outflow · Flow .o.utnow ·••·· •·Uinlts···. torUmjts Charige 't:~rt < ··.·.Flow. Outflow . . . 

IT® · (T:Af} •. ()'AF) (!AI~). •• .(TAF) (TAFJ •..• Year (TAF) .• ·•··· (I'AF) > (TAF)· ····•(TAF).••···· {TAF) / :::} . . ) . ·:· -:::·.:: 

1922 0 12,296 11,366 6,103 930 0 8,364 13 195 6,380 604 12,101 
1923 0 10,778 9,892 5,833 886 0 9,521 4 300 6,491 140 10,478 
1924 0 4,155 3,351 4,063 804 1 5,401 2 (3) 4,539 (1,152) 4,158 
1925 0 8,267 7,406 5,195 861 0 7,312 8 61 5,796 

(71 
8,206 

1926 0 6,997 6,151 5,006 847 0 6,939 11 23 5,757 (1,08 6,974 
1927 0 17,631 16,661 6,980 969 0 10,720 6 362 6,604 (175 17,268 
1928 0 14,252 13,331 6,665 921 0 10,032 6 406 6,734 

i 
13,846 

1929 0 4,548 3,735 4,418 812 0 5,435 0 
fg~ 

4,564 4,548 
1930 0 6,220 5,389 5,052 831 0 6,182 9 5,000 (1,03 6,229 
1931 0 3,677 2,877 3,657 800 0 4,306 0 (0 3,327 (312 3,677 
1932 0 5,825 4,994 5,190 830 0 5,625 6 125 4,272 158 5,700 
1933 0 4,288 3,478 4,050 810 0 4,694 0 0 3,678 f~~ 4,288 
1934 0 4,829 4,014 4,532 815 0 4,803 2 (2) 3,734 4,831 
1935 0 9,453 8,560 6,455 893 0 7,432 3 61 5,986 (457) 9,392 
1936 0 10,852 9,969 6,248 883 0 8,419 25 49 6,202 62 10,803 
1937 0 9,641 8,767 5,287 874 0 7,752 44 12 5,890 768 9,629 
1938 0 36,915 35,711 8,125 1,204 0 18,482 6 988 7,215 4,892 35,927 
1939 0 6,328 5,496 4,357 832 0 6,865 1 693 5,781 (1,228) 5,635 
1940 0 17,651 16,673 7,246 979 0 10,409 27 37 6,456 39 17,614 
1941 0 30,504 29,379 7,010 1,125 0 16,412 14 385 6,660 2,540 30,118 
1942 0 27,745 26,663 6,671 1,081 0 16,125 0 1,281 7,230 1,487 26,463 
1943 0 20,726 19,743 7,309 983 0 13,363 0 1,154 6,712 2,090 19,572 
1944 0 6,496 5,662 4,952 834 0 6,788 9 57 5,986 (1,2l 6,439 
1945 0 8,639 7,782 5,277 858 0 7,966 3 354 6,487 f622 8,286 
1946 0 12,995 12,095 6,279 899 0 11,206 6 49 6,340 139 12,946 
1947 0 5,558 4,732 5,072 827 0 6,751 1 (1) 6,032 (1,609 5,559 
1948 0 7,384 6,519 5,487 865 0 7,141 1 63 6,364 (1,51~ 7,322 
1949 0 7,117 6,275 4,921 843 0 6,947 16 17 5,709 f·081 7,100 
1950 0 7,554 6,701 5,599 853 0 7,295 11 26 6,177 1,212 7,528 
1951 0 20,212 19,240 6,326 972 0 14,970 11 365 7,131 1,567 19,847 
1952 0 27,760 26,641 7,985 1,119 0 15,787 5 606 7,533 2,332 27,154 
1953 0 17,350 16,395 6,080 955 0 12,676 0 1.496 6,801 (755) 15,854 
1954 0 14,884 13,944 7,021 940 0 10,339 0 651 7,024 ~1,203~ 14,233 
1955 0 6,231 5,397 5,051 833 0 7,346 7 61 6,077 1,502 6,170 
1956 0 27,133 26,075 6,221 1,058 0 17,795 5 306 7,129 2,044 26,827 
1957 0 10,171 9,291 5,661 880 0 8,552 1 475 6,761 (1,240) 9,695 
1958 0 32,566 31,393 7,267 1,173 0 16,086 6 587 7,634 2,410 31,978 
1959 0 10,730 9,856 5,294 874 0 8,800 0 927 6,103 (839) 9,803 
1960 0 6,038 5,206 5,203 832 0 6,803 12 (12~ 5,844 ~1,66~ 6,050 
1961 0 5,995 5,164 5,097 830 0 6,750 8 (8 5,768 1,731 6,003 
1962 0 8,109 7,257 5,063 852 0 7,528 9 (8) 5,788 (96 8,118 
1963 0 18,682 17,669 7,329 1,012 0 11,162 6 477 7,129 (52~ 18,205 
1964 0 6,984 6,145 5,143 839 0 7,804 1 53 5,967 (1,44 6,931 
1965 0 19,887 18,896 6,670 991 0 14,496 6 81 6,732 652 19,806 
1966 0 8,940 8,078 5,602 862 0 8,613 4 396 6,798 (1,380) 8,544 
1967 0 21,774 20,726 7,553 1,048 0 13,108 6 760 7,625 1,162 21,014 
1968 0 12,753 11,860 5,557 894 0 9,256 0 1,761 6,544 (1,080) 10,992 
1969 0 29,543 28,420 7,967 1,123 0 16,813 6 876 7,306 4,789 28,667 
1970 0 28,011 26,973 5,637 1,038 0 18,655 0 1,746 6,777 1,982 26,265 
1971 0 16,614 15,663 7,094 951 0 12,449 6 152 6,965 (362~ 16,462 
1972 0 7,556 6,710 5,409 846 0 7,849 4 323 6,666 (1,896 7,234 
1973 0 19,352 18,386 6,821 966 0 12,919 13 310 6,919 660 19,041 
1974 0 32,058 30,933 6,944 1,125 0 19,746 3 607 7,436 1,506 31.451 
1975 0 16,950 15,990 6,627 960 0 10,903 0 1,102. 7,596 (208) 15,848 
1976 0 5,503 4,682 4,416 821 0 6,343 0 80 5,079 (1,36~ 5,423 
1977 0 3,657 2,858 3,657 799 0 4,264 0 0 3,053 (453 3,657 
1978 0 17,203 16,242 7,933 962 0 10,117 0 1,212 5,719 934 15,992 
1979 0 10,250 9,372 5,844 878 0 8,242 0 680 6,485 (350) 9,570 
1980 0 23,499 22,497 6,568 1,001 0 14,443 19 731 6,404 3,484 22,768 
1981 0 8,587 7,733 5,109 855 0 7,849 0 890 6,477 (1,351) 7,698 
1982 0 36,948 35,709 7,099 1,239 0 20,240 6 507 7,773 6,421 36,441 
1983 0 64,116 62,564 6,197 1,552 0 31,346 0 2,964 8,377 18,602 61,152 
1984 0 30,260 29,197 5,676 1,062 0 20,548 0 2,533 7,109 5,669 27.727 
1985 0 8,476 7,623 5,068 853 0 8,383 4 305 6,239 (921) 8,171 
1986 0 28,078 27,026 6,155 1,052 0 14,333 46 218 6,486 4,748 27,860 
1987 0 5,888 5,059 4,819 829 0 6,602 0 36 5,844 (1,331~ 5,852 
1988 0 5,142 4,325 4,505 817 0 5,648 6 (6) 4,440 (980 5,148 
1989 0 6,644 5,801 4,816 843 0 6,313 17 

1f!~ 
5,296 (1~:~l 6,626 

1990 0 4,615 3,801 4,506 814 0 5,037 2 4,063 4,617 
1991 0 4,853 4,038 4,088 816 0 4,808 4 3,804 4,857 

Averaae 0 14,562 13,631 5,802 930 0 10,292 7 442 6,154 420 14,120 



Water 
Year: • 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

Table A1-5. Continued 

Available Delta Delta .·. Delta Final. Fmal> final 3"'Mile OldRiVei Final 
for OW Delta · Storage Storage Storage· Total QWEST Delta ··•·• Slough DiverslOn . ArltiOC:t:r 

.. Diversion Storage Diver8lon ElqJ()~( C?utflow Export .· Aow .·. outlfow Flow .... fl()W ... <Flow 
(TAF} (TAFt (TAF) (TAF) • •. (TAF) • (TAF) < rrAfl (TAF) > (TAF) (TAF} (TAF) 

1,073 
2,231 

2 
770 
427 

2,854 
2,464 

0 
281 

0 
148 

0 
121 
612 

1,424 
934 

8,833 
548 

2,650 
5,967 
5,141 
4,699 

45 
880 

2,348 
1 

19 
449 
319 

5,184 
6,017 
2,568 
2,571 

701 
5,266 

931 
6,692 
1,805 

156 
222 
822 

3,051 
1,256 
3,152 
1,213 
4,457 
2,129 
6,435 
5,612 
2,998 

601 
4,137 
6,240 
2,723 

567 
0 

2,712 
1,050 
5,330 

777 
8,661 

21,445 
8,816 
1,574 
6,120 

67 
418 
228 

60 
4 

2,572 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

6,380 
6,491 
4,539 
5,796 
5,7'57 
6,604 
6,734 
4,564 
5,000 
3,327 
4,272 
3,678 
3,734 
5,986 
6,202 
5,890 
7,215 
5,781 
6,456 
6,660 
7,230 
6,712 
5,986 
6,487 
6,340 
6,032 
6,364 
5,709 
6,177 
7,131 
7,533 
6,801 
7,024 
6,077 
7,129 
6,761 
7,634 
6,103 
5,844 
5,768 
5,788 
7,129 
5,967 
6,732 
6,798 
7,625 
6,544 
7,306 
6,777 
6,965 
6,666 
6,919 
7,436 
7,596 
5,079 
3,053 
5,719 
6,485 
6,404 
6,477 
7,773 
8,377 
7,109 
6,239 
6,486 
5,844 
4,440 
5,296 
4,063 
3,804 

6,154 

604 
140 

(1 ,152) 

(753~ (1,085 
(175 

rs~~ 
(1 ,037) 

(312) 
158 

~m~ 
(457) 

62 
768 

4,892 
(1 ,228) 

39 
2,540 
1,487 
2,090 

(1 ,246) 
(622) 
(139) 

(1 ,609) 

{
1 ,51~ 
1,081 
1,212 
1,567 
2,332 

(755) 
(1 ,203) 
(1 ,502) 
2,044 

(1,240) 
2,410 
(839) 

(1,66~ 
(1 ,731 

(96 
(520) 

(1 ,447) 
652 

(1,380) 
1,162 

(1 ,080) 
4,789 
1,982 

(362) 
(1 ,896) 

660 
1,506 
(208) 

(1 ,367) 
(453) 
934 

(350) 
3,484 

(1 ,351) 
6,421 

18,602 
5,669 

(921) 
4,748 

(1 ,331) 
(980) 

(1~~~ 

420 

12,101 
10,478 
4,158 
8,206 
6,974 

17,268 
13,846 

4,548 
6,229 
3,677 
5,700 
4,288 
4,831 
9,392 

10,803 
9,629 

35,927 
5,635 

17,614 
30,118 
26,463 
19,572 
6,439 
8,286 

12,946 
5,559 
7,322 
7,100 
7,528 

19,847 
27,154 
15,854 
14,233 
6,170 

26,827 
9,695 

31,978 
9,803 
6,050 
6,003 
8,118 

18,205 
6,931 

19,806 
8,544 

21,014 
10,992 
28,667 
26,265 
16,462 
7,234 

19,041 
31,451 
15,848 
5,423 
3,657 

15,992 
9,'570 

22,768 
7,698 

36,441 
61,152 
27,727 
8,171 

27,860 
5,852 
5,148 
6,626 
4,617 
4,857 

14,120 

2,512 
2,386 
1,628 
2,343 
2,242 
4,140 
3,637 
1,585 
2,043 
1,054 
1,263 
1,218 
1,395 
2,459 
2,503 
1,842 
5,715 
2,013 
4,100 
5,644 
5,374 
3,441 
2,207 
2,294 
3,119 
2,202 
2,561 
2,272 
2,443 
3,789 
5,071 
4,132 
4,002 
2,283 
5,153 
2,963 
6,148 
2,770 
2,345 
2,371 
2,444 
4,546 
2,434 
4,282 
2,771 
4,278 
3,178 
4,081 
5,060 
4,058 
2,751 
4,090 
6,528 
3,831 
2,041 
1,129 
3,230 
2,443 
3,420 
2,559 
4,996 
4,091 
3,388 
2,431 
3,913 
2,119 
1,761 
2,310 
1,558 
1,478 

3,084 

1,587 
1,369 

825 
852 
877 

1,038 
996 
851 
764 
831 
943 
853 
805 

1,131 
1,192 
1,494 
3,087 

995 
1,046 
2,157 
1,534 
1,611 

984 
1,254 
1,135 

958 
806 
842 
866 

1,430 
1,548 
1,084 

908 
844 

1,711 
964 

2,019 
997 
802 
763 
892 

1,021 
869 

1,246 
1,110 
1,729 

943 
3,097 
1,632 

993 
902 

1,204 
1,154 
1,176 

755 
676 

1,158 
1,220 
2,567 
1,068 
3,355 
9,324 
3,669 
1,103 
2,756 

919 
685 
646 
633 
634 

1,370 

3,115 
2,526 

476 
1,590 
1,157 
3,966 
2,931 

673 
1,005 

743 
1.421 

867 
950 

2,002 
2,565 
2,610 

10,607 
785 

4,139 
8,185 
6,861 
5,531 

960 
1,672 
2,980 

594 
1,044 
1,191 
1,231 
5,356 
7,403 
3,377 
2,799 

781 
7,197 
1,723 
8,557 
1,931 

684 
640 

1,476 
4,025 

987 
4,935 
1,392 
5,440 
2,098 
8,870 
7,042 
3,696 

855 
4,750 
8,034 
3,623 

674 
676 

4,165 
2,093 
6,904 
1,208 

11,417 
22,693 
9,058 
1,511 
8,660 

788 
781 
9'57 
723 
892 

3,504 



Table A1-6. Monthly Percentiles for DeltaSOS Simulations 
for the No-Project Alternative 

Added Sacramento River inflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Sacramento River inflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 7,061 6,109 9,315 8,254 11,098 10,037 8,048 6,120 6,807 

10 8,521 8,705 11,222 12,430 13,896 12,393 9,755 8,869 13,397 
20 10,336 10,557 12,482 13,398 15,973 14,909 11,824 10,598 13,747 
30 11,298 11,141 14,318 15,674 19,556 19,999 12,871 10,927 14,216 
40 12,599 12,398 15,340 17,189 26,157 22,470 13,660 12,536 14,576 
50 13,235 14,986 15,966 23,855 33,032 29,013 16,641 14,307 15,378 
60 14,049 16,748 17,880 27,227 38,969 32,372 19,089 15,112 15,853 
70 16,315 18,590 26,185 34,299 50,420 38,408 21,535 19,632 17,456 
80 20,271 21,117 32,528 47,425 61,379 47,850 37,669 30,496 20,583 
90 22,815 31,259 57,571 66,163 70,537 65,427 45,150 41,227 26,443 

100 29,964 64,593 85,103 91,517 108,473 97,768 78,803 60,752 51,139 
Mean 14,883 17,738 24,595 30,990 38,331 34,402 22,815 19,ns 18,021 

Required San Joaquin River flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 1,000 900 900 900 900 900 2,005 2,005 900 

10 1,000 900 900 900 900 900 2,005 2,005 900 
20 1,500 900 900 900 900 1,330 2,435 2,435 900 
30 1,500 900 900 900 1,420 1,420 3,641 2,720 1,420 
40 1,500 900 900 900 1,420 2,280 3,880 3,880 1,420 
50 1,500 900 900 900 2,130 2,280 3,880 3,880 2,130 
60 1,500 900 900 900 2,280 3,420 5,220 5,220 2,280 
70 1,500 900 900 900 3,420 3,420 5,220 5,220 3,420 
80 1,500 900 900 900 3,420 3,420 6,020 6,020 3,420 
90 1,500 900 900 900 3,420 3,420 6,020 6,020 3,420 

100 1,500 900 900 900 3,420 3,420 6,020 6,020 3,420 
Mean 1,407 900 900 900 2,167 2,425 4,261 4,153 2,253 

Additional San Joaquin River inflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 13 55 0 
90 44 0 0 0 0 0 445 485 1,217 

100 44 0 0 108 900 0 833 1,231 1,289 
Mean 7 0 0 2 23 0 89 113 202 

New San Joaquin River flow at Vernalis (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 1,456 1,114 1,018 900 900 1,168 2,005 2,005 1,420 

10 1,500 1,410 1,254 1,185 1,507 1,424 2,005 2,005 1,786 
20 1,500 1,689 1,494 1,620 2,280 1,735 2,435 2,435 1,810 
30 1,558 1,886 1,661 1,757 2,372 2,280 3,641 2,766 1,822 
40 1,695 2,032 1,915' 2,086 2,866 2,280 3,988 3,880 1,870 
50 1,826 2,287 2,145 2,460 3,421 2,288 3,988 3,933 2,280 
60 1,975 2,393 2,291 2,876 3,737 3,420 5,343 5,220 2,819 
70 2,000 2,541 2,509 3,164 4,926 3,420 5,343 5,279 3,420 
80 2,763 2,687 3,044 4,199 5,974 4,083 6,195 6,105 3,426 
90 3,954 2,938 3,667 5,597 8,381 8,398 6,195 6,105 6,759 

100 16,954 11,669 19,380 23,241 35,143 42,741 30,300 27,493 30,126 
Mean 2,500 2,462 2,n3 3,540 4,886 4,753 5,358 5,048 3,580 

Note: Negative values shown in parentheses. 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
8,808 5,799 7,127 

12,587 8,916 7,402 
14,209 10,687 9,332 
16,305 11,3n 9,951 
17,952 12,298 10,418 
20,715 12,690 10,674 
20,917 13,531 11,337 
21,204 15,120 11,470 
21,494 17,359 14,725 
22,569 19,130 18,106 
23,363 20,168 24,376 
18,504 13,419 12,052 

Jul Aug Sep 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 61 305 
0 1 6 

Jul Aug Sep 
973 900 900 

1,288 961 1,015 
1,539 989 1,049 
1,670 1,021 1,109 
1,675 1,132 1,155 
1,685 1,473 1,210 
1,717 1,670 1,336 
1,831 1,888 1,573 
1,974 1,960 1,850 
2,080 2,135 2,814 

18,015 6,171 10,520 
2,155 1,538 1,698 



Table A1-6. Continued 

Sutter and Steamboat Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 1,235 1,202 2,528 2,109 3,208 2,806 2,026 1,207 1,193 1,616 1,067 1,247 

10 1,545 2,289 3,255 3,705 4,245 3,691 2,698 2,354 3,018 2,746 1,644 1,299 
20 2,037 3,004 3,724 4,062 5,005 4,616 3,480 3,020 3,138 3,297 2,142 1,753 
30 2,330 3,225 4,400 4,896 6,316 6,479 3,868 3,144 3,300 4,042 2,354 1,925 
40 2,750 3,693 4,774 5,450 8,768 7,391 4,159 3,744 3,426 4,642 2,650 2,061 
50 2,963 4,645 5,003 7,906 11,396 9,850 5,249 4,396 3,709 5,667 2,780 2,138 
60 3,242 5,288 5,702 9,172 13,728 11,140 6,145 4,691 3,879 5,743 3,064 2,342 
70 4,045 5,962 8,779 11,888 18,384 13,505 7,045 6,344 4,460 5,850 3,617 2,384 
80 5,502 6,891 11,200 17,148 23,011 17,323 13,213 10.417 5,618 5,959 4,425 3,478 
90 6,454 10,710 21,386 25,078 26,989 24,758 16,217 14,631 8,876 6,361 5,077 4,699 

100 10,213 24,397 33,495 36,422 44,317 39,307 30,656 22,743 18,683 6,659 5,463 7,040 
Mean 3,683 5,696 8,402 10,936 13,842 12,270 7,686 6,485 4,853 4,875 3,105 2,666 

Delta Cross Channel flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 3,345 2,172 2,057 

10 2,268 0 0 0 0 0 0 0 0 4,310 3,378 2,333 
20 3,706 0 0 0 0 0 0 0 4,467 4,643 3,868 3,502 
30 3,899 0 0 0 0 0 0 0 4,537 5,034 4,037 3,675 
40 4,177 0 0 0 0 0 0 0 4,645 5,319 4,247 3,799 
50 4,396 0 0 0 0 0 0 0 4,694 5,771 4,333 3,865 
60 4,569 0 0 0 0 0 0 0 4,863 5,803 4,508 4,027 
70 4,791 0 0 0 0 0 0 0 4,942 5,848 4,818 4,059 
80 5.421 0 0 0 0 0 0 0 5,117 5,894 5,218 4,743 
90 6,020 0 0 0 0 0 0 0 5,737 6,062 5,515 5,345 

100 6,345 0 0 0 0 0 0 0 6,429 6,185 5,683 6,341 
Mean 4,270 0 0 0 0 0 0 0 4,332 5,369 4,387 4,002 

Delta Cross Channel & Georgiana Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Se_l)_ 
0 3,887 1,992 2,413 2,276 2,640 2,506 2,249 1,994 4,067 5,057 3,445 3,763 

10 4,345 2,335 2,655 2,807 2,989 2,802 2.470 2,356 5,657 6,450 5,104 4,023 
20 5,571 2,571 2,813 2,927 3,248 3,115 2,731 2,577 6,703 6,946 5,803 5,279 
30 5,848 2,645 3,042 3,211 3,697 3,753 2,862 2,618 6,809 7,539 6,048 5,527 
40 6,254 2,803 3,169 3,400 4,545 4,068 2,960 2,820 6,948 7,979 6,357 5,704 
50 6,577 3,125 3,247 4,246 5,462 4,922 3,331 3,040 7,054 8,686 6,483 5,799 
60 6,835 3,345 3,486 4,686 6,279 5,373 3,638 3,141 7,282 8,737 6,744 6,034 
70 7,169 3,575 4,549 5,635 7,910 6,201 3,948 3,707 7,415 8,809 7,210 6,080 
80 8,137 3,895 5,394 7.477 9,526 7,538 6,098 5,120 7,848 8,882 7,823 7,097 
90 9,081 5,223 8,959 10,245 10,908 10,134 7,151 6,595 8,634 9,149 8,284 8,019 

100 9,601 10,008 13,153 14,157 16,843 15,142 12,176 9,433 9,735 9,345 8,549 9,595 
Mean 6,683 3,497 4,434 5,313 6,322 5,774 4,186 3,772 7,164 8,073 6,589 6,080 

Sacramento River flow at Rio Vista (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,953 4,089 6,740 6,042 8,592 7,418 5.496 4,319 1,994 2,906 1,675 2,941 

10 3,705 6,207 8,441 9,927 10,978 9,634 7,016 5,990 5,807 5,515 3,226 2,957 
20 4,408 7,857 9,545 10,788 12,944 11,705 8,982 7,677 6,092 6,265 4,197 3,621 
30 5,117 8,492 11,261 12,575 16,117 16,549 9,852 7,924 6,481 7,766 4,642 3,992 
40 5,926 9,475 12,520 14.429 23,651 20,796 10,464 9,184 6,771 9,072 5,387 4,308 
50 6,535 12,227 12,891 20,909 28,856 24,838 13,056 10,759 7,197 11,094 5,884 4,635 
60 6,960 13,337 14,281 24,113 39,701 27,217 15,832 11,813 7,589 11,178 6,376 5,068 
70 8,623 14,780 21,605 31,283 49,850 33,893 18,356 15,423 8,705 11,515 7,521 5,636 
80 11,520 17,656 -39,472 53,373 63,284 48,640 35,917 24,958 11,103 11,690 8,856 7,196 
90 13,457 26,189 60,815 90,087 102,991 79,036 56,006 35,056 20,983 12,792 10,253 9,773 

100 33,546 59,943 119,018 171,272 182,736 188,332 103,086 50,877 43,121 13,014 11,291 14,422 
Mean 8,152 14,567 24,121 34,262 43,101 35,247 22,163 15,764 10,077 9,535 6,269 5,6741 

QWEST Flow with initial exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr Mav Jun Jul Aug Sep 
0 4,063 6,213 [7,116 6,374 4,446 (3,380 399 (424) (5,589) 4,023 3,950 (3,113 

10 1,864 5,670 6,034 5,310 2,794 (1,987 578 (98) 319 3,591 3,475 (1,612 
20 1,528 5,019 5;306 4,581 1,707 (1,154 853 69 507 3,549 2,471 (1,195 
30 1,409 4,388 4,674 4,291 1,160 (861 1,316 160 574 3,36?: 1,657 841 
40 1,093 3,728 4,266 3,460 303 (542 1,487 377 611 3,024 (710 [725 
50 (835 3,364 3,821 2,509 1,914 369 1,858 773 706 2,723 (207 578 
60 (446 2,986 3,255 (969 4,225 2,114 2,231 987 824 1,759 150 440 
70 (6 2,672 2,125 1,041 7,201 3,977 2,616 1,317 1,052 (380 480 371 
80 165 2.422 1,605 6,408 11,209 10,138 5,595 2,132 1,629 465 1,012 261 
90 1,674 (821 4,215 13,748 14,314 14,661 10,832 4,836 2,730 2,642 1,501 240 

100 15,066 23,073 39,958 37,172 59,433 74,009 40,633 33,442 31,816 19,443 2,475 11,767 
Mean (277) (2,759 (1,341 1,715 5,708 5,204 4,426 2,407 . 1,607 (1,304) (590) (493) 



Table A1-6. Continued 

Export reductions to meet QWEST standards (cfs) 

l"ercentlle oct Nov uec Jan t-ee Mar APr May Jun JUI AUg ;:)~ 

0 u u u u u u u u u 0 0 u 
lU 0 0 0 0 0 0 0 0 u u 0 
20 0 0 u u u u u 0 0 0 u u 
30 u u u u u u u u u_ 0 0 0 
40 0 0 0 0 0 0 0 0 0 u u _u_ 
50 0 0 u u u u u 0 0 0 0 U· 
bU u u u u u u u u u 0 0 0 
{0 0 0 0 0 0 0 0 0 0 u u u 
80 0 0 0 0 0 u u 0 0 0 0 0 
~ u u u u u u u u u u 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 u u u u __l)_ u u 0 0 0 

Delta outflow at Collinsville (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,991 3,537 4,531 4,505 7,799 6,898 5,840 4,506 3,997 4,000 3,414 3,007 

10 3,348 4,504 5,232 5,788 9,614 8,555 7,818 6,036 6,117 4,994 3,416 3,008 
20 4,002 5,044 5,684 6,289 11.400 10,947 10,252 7,578 -6,703 6,699 4,384 3,153 
30 4,196 5,293 6,355 7;862 15,513 15,073 10,545 7,579 6,895 7,158 5,032 3,398 
40 4,678 5,647 6,833 10.476 22.n5 18,364 11,260 10,011 7,578 7,230 5,302 3,632 
50 5,023 6,383 7,187 16,808 27,301 24,849 15,372 11,258 7,580 7,826 5,740 3,817 
60 5,354 7,859 9,483 22,569 44,691 29,666 18,031 12,903 8,328 8,001 5,741 4,143 
70 6,403 10,957 17,107 30,748 59,049 41,729 20,862 17,576 9,270 8,002 5,742 4,359 
80 9,792 14,090 40,647 72,356 70,178 59,498 40,512 26,201 11,632 8,004 6,042 5,518 
90 15,199 22,851 68,851 102,271 116,586 93,737 63,869 39,710 16,998 9,381 6,722 8,323 

100 37,421 83,001 159,166 205,170 219,767 262,789 142,618 83,413 74,553 32,036 9,719 26,031 
Mean 7,758 11,740 22,764 36,125 48,912 40,457 26.478 17,951 11,307 7,812 5,388 4,998 

Delta outflow at Chipps Island (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 695 1,236 2,221 2,195 5,458 4,566 5,921 4,613 4,114 4,117 3,542 3,143 

10 1,049 2,194 2,915 3,466 7,257 6,207 7,861 6,113 6,193 5,092 3,544 3,144 
20 1,697 2,729 3,363 3,963 9,026 a,5n 10,247 7,625 6,767 6,763 4,494 3,287 
30 1,889 2,976 4,028 5,521 13,101 12,665 10,534 7,626 6,956 7,213 5,129 3,527 
40 2,366 3,326 4,501 8,111 20,295 15,925 11,235 10,011 7,625 7,284 5,394 3,756 
50 2,708 4,056 4,852 14,384 24,n9 22,350 15,267 11,233 7,627 7,868 5,823 3,938 
60 3,036 5,518 7,127 20,091 42,007 27,122 17,874 12,846 8,361 8,040 5,824 4,257 
70 4,075 8,587 14,680 28,194 56,232 39,073 20,650 17.428 9,284 8,041 5,825 4,469 
80 7,433 11,691 38,001 69,415 67,257 56,6n 39,917 25,885 11,600 8,043 6,119 5,605 
90 12,790 20,370 65,943 99,052 113,234 90,597 62,819 39,131 16,862 9,393 6,786 8,356 

100 34,805 79,961 155.418 200,994 215.455 25a,on 140,032 81,981 73,294 31,606 9,724 25,718 
Mean 5,417 9,363 20,284 33,521 46,190 37,813 26,156 17,796 11,282 7,854 5,478 5,095 

Required Delta outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,992 3,537 4,505 4,505 5,960 6,356 5,841 4,505 4,000 4,001 3,415 3,008 

10 3,347 4,504 4,532 5,713 7,670 7,068 7,579 6,036 6;117 4,993 3,415 3,008 
20 4,001· 4,931 4,885 5,980 8,175 8,765 8,641 7,579 6,703 6,698 4,384 3,074 
30 4,001 5,194 5,444 6,001 9,456 9,971 9,569 7,579 6,896 7,157 5,033 3,352 
40 4,306 5,464 5,n1 6,001 11,276 10,891 10,265 8,034 7,579 7,230 5,302 3,622 
50 . 4,519 5,647 6,139 6,001 11.400 11.400 10,545 9,454 7,579 7,825 5,741 3,791 
60 4,904 6,062 6,355 6,001 11.400 12,241 11,259 10,268 8,282 8,002 5,741 4,037 
70 5,091 6,312 6,591 6,294 14,676 15,373 12,161 11,259 8,889 8,002 5,741 4,190 
80 5,354 6,434 6,832 6,891 19,623 16.464 13,890 14.465 9,994 8,002 5,966 5,436 
90 5,615 6,804 7,163 7,210 22,072 19,282 15,372 17,320 12,026 9,358 6,5n 5,781 

100 7,995 8;916 7,580 8,542 28,559 27,430 22,321 28,043 21,174 9,549 7,521 6,333 
Mean 4,625 5,715 6,003 6,275 13,148 12,825 11,353 10,645 8,827 7,442 5,331 4,103 

Montezuma Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr Ma~ Jun Jul Aug Sep 
0 2,296 2,301 2,310 2,310 2,341 2,332 (81) (10/ (117 (11~ (128 136 

10 2,299 2,310 2,317 2,322 2,357 2,348 (43) (TI 76 98 (128 136 
20 2,305 2,315 2,321 2,326 2,374 2,370 5 (4 64 64 (110 134 
30 2,307 2,317 2,327 2,341 2,412 2,408 11 (4_/ 61 5~ 97 129 
40 2,312 2,321 2,332 2,365 2,480 2,439 25 0 47 54 92 124 
50 2,315 2,327 2,335 2.424 2,522 2.499 105 25 47 42 83 121 
60 2,318 2,341 2,356 2.478 2,684 2,544 157 57 33 39 83 114 
70 2,328 2,370 2,427 2,554 2,817 2,656 212 148 14 39 83 110 
80 2,359 2,399 2,646 2,941 2,921 2,821 595 316 32 39 77 car 
90 2,409 2.481 2,908 3,219 3,352 3,140 1,050 579 136 12 64 (33 

100 2,616 3,040 3,748 4,176 4,312 4,712 2,586 1,432 1,259 430 (5 313 
Mean 2,340 2,3n 2,480 2,604 2,723 2,644 321 155 25 (43) (90 (981 



Table A':;-6. Continued 

Net change in exports {cfs) 

Percentile Oct Nov Dec Jan Feb Mar A~ May Jun Jul Aug Sel' 
0 {2) 2 {153 49 {136 (338) (1) (544 3 '7 (1 

10 0 2 59 43 (129 (63) 0 (1 1 '7 0 
20 0 1 58 40 (117) (0) 0 (1 1 1 0 
30 0 1 56 39 0 0 1 0 1 1 0 
40 1 0 51 29 0 1 380 0 1 1 0 
50 1 0 (1 (1 1 383 584 1 0 1 0 1 
60 1 339 0 0 975 2,698 648 380 0 1 0 1 
70 253 339 0 15 2,166 2,958 920 527 0 0 0 1 
80 253 339 1 1,467 3,604 3,817 1,400 794 0 0 0 1 
90 253 339 2,928 4,672 5,786 4,788 2,673 1,538 3 1 1 37 

100 4,218 5,981 6,458 9,482 8,556 6,752 4,686 5,007 3,601 3,484 1,103 2,892 
Mean 179 453 507 1,144 1,698 1,754 843 510 132 54 15 46 

Export limits {cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May ·Jun Jul Aug Sep 
0 5,697 5,051 6,904 6,130 6,075 4,250 3,212 2,782 3,191 6,696 4,635 5,495 

10 6,791 6,948 8,718 9,146 6,635 5,073 3,941 3,451 5,520 9,986 6,952 5,698 
20 8,076 8,268 9,549 11 '101 7,754 6,095 4,568 3,856 5,615 11,313 8,486 7,225 
30 8,845 8,975 11,012 11,681 9,746 8,217 5,037 4,310 5,869 12,531 8,939 7,610 
40 9,462 9,555 11,869 13,474 11,258 10,191 5,701 5,362 6,085 13,625 9,636 7,730 
50 10,095 11,604 12,309 18,120 15,028 12,287 6,573 5,878 6,624 14,885 9,804 8,059 
60 10,793 12,n4 13,050 20,989 20,184 13,992 7,380 6,581 6,841 14,934 10,180 8,423 
70 12,371 14,219 19,023 26,125 24,401 17,475 8,921 7,882 7,036 15,296 10,976 9,092 
80 14,542 15,592 32,504 51,223 27,435 23,524 12,799 9,437 8,550 15,367 12,576 11,736 
90 17,753 22,475 51,845 68,989 43,998 36,367 16,500 12,708 11,317 16,360 13,404 14,088 

100 29,881 57,610 105,728 133,645 79,382 92,174 38,212 29,841 30,225 28,830 15,044 23,568 
Mean 11,662 13,820 21,256 29,141 20,700 16,863 8,962 7,503 7,838 13,790 10,050 9,229 

Revised QWEST flow {cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 4,316 6,506 (7, 117 6,376 4,607: 3,979 (8) (529 (5,589) 4,016 3,943 13,113 

10 1,927 6,009 6,034 5,501 3,133 2,476 556 (175) 318 3,584 3,468 (1 ,612 
20 1,554 5,629 5,554 4,913 2,329 1,918 836 (19 509 3,542 2,472 (1 ,196 
30 1,409 4,941 4,936 4,371 1,682 1,414 989 125 572 3,360 1,656 841 
40 1,128 4,000 4,378 3,958 (930 (766 1,233 229 585 3,017 (709 725 
50 (896 3,727 4,123 3,340 391 (552 1,448 376 705 2,722 (206 578 
60 (533 3,244 3,376 2,180 2,396 (269 1,564 676 809 1,759 151 440 
70 (128 2,946) 2,371 (835 5,231 1,702 1,792 820 959 (380 480 372 
80 147 . 2,599) (225 5,235 7,505 6,274 4,458 1,727 1,543 465 1,012 276 
90 918 1 ,013) 3,831 13,548 11,956 13,431 7,805 3,642 2,730 2,630 1,482 240 

100 10,848 17,092 33,500 30,579 51,361 67,257 36,876 28,435 28,215 15,959 2,031 8,875 
Mean (456 (3,212) (1,848 570 4,011 3,450 3,583 1,897 1,475 (1 ,357; _(604 (540 

Revised Delta outflow {cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,992 3,537 4,532 4,505 7,800 6,897 5,841 4,505 4,000 4,001 3,415 3,008 

10 3,347 4,504 5,233 5,788 9,282 8,555 7,579 6,036 6,118 4,993 3,415 3,008 
20 4,001 5,044 5,565 6,171 11,400 10,946 10,013 7,579 6,704 6,698 4,384 3,152 
30 4,198 5,295 6,315 6,955 13,465 15,072 10,399 7,579 6,896 7,165 5,033 3,397 
40 4,675 5,647 6,712 9,472 20,954 18,364 11,259 10,012 7,579 7,237 5,302 3,632 
50 5,023 6,383 7,186 16,850 27,430 22,627 14,490 11,235 7,579 7,833 5,741 3,818 
60 5,354 7,460 8,499 21,455 41,156 27,716 17,354 12,376 8,327 8,002 5,741 4,142 
70 6,150 9,608 17,164 29,456 53,600 38,131 20,075 16,226 9,271 8,002 5,741 4,358 
80 9,539 12,002 39,257 72,396 67,389 55,634 38,030 25,407 11,632 8,002 6,042 5,517 
90 14,567 22,512 68,904 97,186 115,855 92,507 62,706 38,516 16,995 9,373 6,729 8,286 

100 33,203 n,o2o 152,708 197,170 219,888 256,037 139,945 78,406 70,952 28,552 8,616 23,139 
Mean 7,578 11,288 22,257 34,981 47,215 38,703 25,635 17,441 11,175 7,758 5,373 4,951 

Available water for diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 1,928 0 0 0 0 0 0 0 0 
50 0 0 405 6,475 3,132 240 0 0 0 0 0 0 
60 0 1,208 1,686 9,289 8,175 2,292 0 0 0 7 0 0 . i ~ 

70 641 2,939 7,708 12,865 12,683 6,207 0 0 0 8 0 0 
80 3,262 4,312 14,n5 20,235 15,427 11,824 3,011 297 0 8 0 0 
90 6,473 11 '181 18,831 28,548 25,402 21,579 6,864 2,758 37 8 7 2,724 

100 18,601 32,092 48,500 45,579 53,947 80,474 26,932 18,561 18,945 17,550 2,875 12,288 
Mean 1,913 3,214 6,322 10,174 9,199 7,138 2,063 1,035 672 273 42 638 



Table A1-6. Continued 

Delta storage diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Delta storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Delta storage discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Delta storage discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 4,288 3,326 5,072 4,844 4,073 3,147 2,791 2,395 1,076 1,818 537 3,271 

10 5,125 5,385 7,368 8,686 6,384 4,525 3,571 3,114 5,464 3,427 3,448 3,592 
20 6,854 6,640 7,842 10,935 7,285 6,095 3,789 3,538 5,568 6,446 4,730 5,890 
30 7,992 7,372 9,922 11,372 9,184 7,956 4,189 3,928 5,766 7,379 5,083 6,051 
40 8,500 8,383 10,868 11,428 11 '137 10,191 5,623 4,859 5,923 8,865 5,864 6,359 
50 9,055 10,670 11,176 11,562 11,633 11,268 6,573 5,685 6,313 10,505 6,324 6,518 
60 9,710 11,280 11,246 11,732 12,009 11,323 7,380 6,754 6,543 11.280 7,174 6,685 
70 11,280 11,280 11,298 11,849 12,462 11,461 8,476 7,487 7,026 11,280 7,966 7,409 
80 11,280 11,280 11,393 12,266 12,700 11,499 9,203 8,673 8,448 11,280 9,615 10,062 
90 11,280 11.280 11,503 12,700 12,700 11,700 9,950 9,950 11,280 11,280 11,280 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11,280 11,280 11,280 11,280 11,280 
Mean 8,965 9,107 10,138 11,205 10,487 9,420 6,697 6,209 6,974 8,952 6,847 7,147 



Table A'-6. Continued 

Final QWEST flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 4,316 6,506 :7.117 6,376 4,607 3,979 (8) (529) (5,589) 4,016 3,943 13,113 

10 1,927 6,009 6,034 5,501 3,133 2,476 556 (175) 318 3,584 3,468 (1 ,612 
20 1,554 5,629 5,554 4,913 2,329 1,918 836 (19) 509 3,542 2,472 (1,196 
30 1,409 4,941 4,936 4,371 1,682 1,414 989 125 572 3,360 1,656 841 
40 1,128 4,000 4,378 3,958 (930 (766 1,233 229 585 3,017 (709 :725 
50 (896 3,727 4,123 3,340 391 (552 1,448 376 705 2,722 (206 578 
60 (533 3,244 3,376 2,180 2,396 _1269 1,564 676 809 1,759 151 440 
70 (128 2,946 2,371 (835 5,231 1,702 1,792 820 959 (380 480 372 
80 147 2,599 (225 5,235 7,505 6,274 4,458 1,727 1,543 465 1,012 276 
90 918 1,013 3,831 13,548 11,956 13,431 7,805 3,642 2,730 2,630 1,482 240 

100 10,848 17,092 33,500 30,579 51,361 67,257 36,876 28,435 28,215 15,959 2,031 8,875 
Mean (456) (3,212 (1 ,848) 570 4,011 3,450 3,583 1,897 1,475 (1 ,357) (604) (540) 

Final Delta outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,992 3,537 4,532 4,505 7,800 6,897 5,841 4,505 4,000 4,001 3,415 3,008 

10 3,347 4,504 5,233 5,788 9,282 8,555 7,579 6,036 6,118 4,993 3,415 3,008 
20 4,001 5,044 5,565 6,171 11,400 10,946 10,013 7,579 6,704 6,698 4,384 3,152 
30 4,198 5,295 6,315 6,955 13,465 15,072 10,399 7,579 6,896 7,165 5,033 3,397 
40 4,675 5,647 6,712 9,472 20,954 18,364 11,259 10,012 7,579 7,237 5,302 3,632 
50 5,023 6,383 7,186 16,850 27,430 22,627 14,490 11,235 7,579 7,833 5,741 3,818 
60 5,354 7,460 8,499 21,455 41,156 27,716 17,354 12,376 8,327 8,002 5,741 4,142 
70 6,150 9,608 17,164 29,456 53,600 38,131 20,075 16,226 9,271 8,002 5,741 4,358 
80 9,539 12,002 39,257 72,396 67,389 55,634 38,030 25,407 11,632 8,002 6,042 5,517 
90 14,567 22,512 68,904 97,186 115,855 92,507 62,706 38,516 16,995 9,373 6,729 8,286 

100 33,203 n.o2o 152,708 197,170 219,888 256,037 139,945 78,406 70,952 28,552 8,616 23,139 
Mean 7,578 11,288 22,257 34,981 47,215 38,703 25,635 17,441 11,175 7,758 5,373 4,951 

Threemile Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 634 1,104 2,237 1,892 1,881 1,671 7 758 (283) (1 ,968) (246) 580 

10 868 1,952 2,947 3,647 2,925 2,282 1,284 1,312 644 445 484 614 
20 1,109 2,689 3,424 3,883 3,487 3,036 1,604 1,702 1,156 1,133 645 922 
30 1,428 2,908 4,192 4,612 4,520 4,185 1,850 1,781 1,214 1,871 955 1,039 
40 1,730 3,381 4,524 5,004 5,704 4,916 2,162 1,989 1,332 2,445 1,144 1 '151 
50 1,915 4,585 4,822 5,490 6,564 5,872 2,556 2,296 1,408 3,237 1,350 1,268 
60 2,096 4,911 5,348 6,234 8,176 6,766 3,176 2,660 1,443 3,717 1,621 1,382 
70 2,408 5,245 5,798 7,324 10,074 8,109 3,726 3,014 1,638 3,731 2,130 1,558 
80 2,815 5,707 8,238 10,846 13,501 9,535 6,095 4,528 2,038 3,819 2,936 2,094 
90 3,185 6,689 12,260 16,064 15,910 14,215 10,015 6,405 3,069 3,915 3,4n 2,796 

100 9,173 12,956 18,191 31,946 31,138 22,824 14,939 9,223 7,191 3,988 3,788 3,549 
Mean 2,043 4,402 6,202 7,808 8,790 7,135 4,043 3,080 1,887 2,648 1,651 1,492 

Old River diversion flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 73 1,126 1,053 959 959 1,166 100 100 1,343 1,018 959 959 

10 75 1,336 1,228 1,178 1,401 1,345 100 100 1,581 1,252 1,008 1,051 
20 75 1,519 1,392 1,475 1,881 1,548 122 122 1,596 1,422 1,030 1.on 
30 78 1,643 1,501 1,562 1,935 1,881 182 138 1,603 1,507 1,055 1,122 
40 85 1,732 1,661 1,765 2,219 1,881 199 194 1,633 1,510 1,140 1,157 
50 91 1,885 1,800 1,986 2,531 1,885 199 197 1,881 1,517 1,378 1,196 
60 99 1,947 1,887 2,225 2,706 2,530 267 261 2,193 1,537 1,507 1,285 
70 100 2,033 2,015 2,387 3,355 2,530 267 264 2,530 1,609 1,644 1,444 
80 138 2,117 2,320 2,959 3,923 2,896 310 305 2,534 1,697 1,688 1,621 
90 198 2,260 2,667 3,719 5,230 5,240 310 305 4,348 1,761 1,794 2,190 

100 10,012 7,039 11,400 13,638 20,705 25,321 17,802 16,135 17,698 10,617 4,030 6,404 
Mean 352 1,968 2,134 2,561 3,323 3,259 1,011 876 2,597 1,n4 1,398 1,484. 

Antioch flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep_ 
0 17 (1,365 (1,531 (1,399 408 1,317 1,638 1,131 1,210 (28 (305) (20) 

10 488 976 _11 '145: (851 1,185 1,541 2,276 1,514 1,797 129 11 532 
20 550 :741 946 (635 1,838 2,326 2,706 1,784 1,835 296 322 618 
30 5n 398 579 (358 3,173 2,814 2,959 1,902 2,033 392 629 632 
40 643 192 409 247 3,684 3,450 3,168 2,405 2,158 641 795 648 
50 724 (55 159 2,135 6,505 4,415 4,111 2,992 2,231 907 1,054 657 
60 807 115 130 3,874 12,327 6,176 4,524 3,563 2,361 971 1,333 676 
70 1,047 431 2,031 6,719 13,548 8,591 5,490 4,305 2,764 1,241 1,483 736 
80 2,045 758 9,000 19,128 20,299 15,762 12,118 6,131 3,374 1,893 1,745 849 
90 3,972 3,622 17.428 27,941 32,348 26,653 17,768 10,672 6,250 3,162 1,887 1,108 

100 12,689 25,709 50,745 57,405 67,702 90,080 49,350 31,220 29,424 13,991 2,698 9,455 
Mean 1,587 1,191 4,354 8,378 12,801 10,585 7,627 4,9n 3,362 1,291 1,046 952 



Water 
Year Oct Nov Dec 

1922 0 0 1,744 
1923 3,871 25 13 
1924 0 0 0 
1925 0 0 0 
1926 0 0 0 
1927 0 4,000 13 
1928 0 4,000 13 
1929 0 0 0 
1930 0 0 0 
1931 0 0 0 
1932 0 0 863 
1933 0 0 0 
1934 0 0 0 
1935 0 0 0 
1936 0 0 0 
1937 0 0 0 
1938 0 4,000 13 
1939 1,263 25 13 
1940 0 0 0 
1941 0 0 3,871 
1942 3,871 25 13 
1943 3,871 25 13 
1944 0 0 0 
1945 0 0 1,686 
1946 0 3,606 394 
1947 0 0 0 
1948 0 0 0 
1949 0 0 0 
1950 0 0 0 
1951 0 4,000 13 
1952 0 1,196 2,726 
1953 53 25 13 
1954 3,262 654 0 
1955 0 103 3,784 
1956 0 0 3,871 
1957 3,726 0 0 
1958 2,610 1,328 13 
1959 195 25 0 
1960 0 0 41 
1961 0 0 0 
1962 0 0 0 
1963 3,871 25 13 
1964 1,710 2,258 0 
1965 0 0 3,871 
1966 631 3,373 13 
1967 0 0 3,871 
1968 170 25 13 
1969 0 0 3,871 
1970 53 25 13 
1971 0 4,000 13 
1972 2.451 0 1,627 
1973 0 4,000 13 
1974 0 4,000 13 
1975 1,020 25 13 
1976 3,213 25 - 0 
1977 0 0 0 
1978 0 0 0 
1979 3,019 193 0 
1980 0 2,939 1,040 
1981 2,867 0 1,198 
1982 0 4,000 13 
1983 53 25 13 
1984 53 25 13 
1985 3,019 906 13 
1986 0 0 384 
1987 0 0 0 
1988 0 0 41 
1989 0 0 0 
1990 0 0 0 
1991 0 0 0 

Average 641 698 502 

Table A1-7a. DeltaSOS-Simulated DW Operations 
for Alternative 1: DW Diversions to Storage (cfs) 

Jan • Feb· ··Mar:. · Apr May Jun 

2,047 135 49 0 172 118 
15 0 0 0 0 0 
55 0 0 0 0 0 

0 4,000 0 0 0 0 
869 3,354 0 0 0 0 
432 31 49 76 0 0 

15 0 76 0 0 0 
0 0 0 0 0 0 

3,871 0 76 0 0 0 
0 0 0 0 0 0 

1,593 0 0 0 0 0 
0 0 0 0 0 0 

2,005 0 0 0 0 0 
3,871 0 0 155 0 0 
3,871 30 49 0 0 0 

0 4,000 307 0 0 0 
15 31 49 76 99 118 

0 0 0 0 0 0 
3,871 30 49 76 0 0 

15 31 49 76 99 0 
15 31 0 126 99 0 
15 31 49 76 0 0 

0 742 0 0 0 0 
0 2,465 49 0 0 0 

15 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 297 0 
0 0 3,871 0 0 0 

3,326 634 0 0 0 0 
15 31 49 0 0 0 

111 30 49 76 99 118 
15 0 0 0 0 0 

1,065 31 49 76 0 0 
102 0 0 0 0 0 

15 30 49 0 172 0 
0 3,132 1,091 0 0 0 

15 31 49 76 99 118 
3,293 31 0 0 0 0 

0 2,520 0 0 0 0 
0 3,684 0 0 0 0 
0 4,000 0 0 0 0 

222 31 49 76 99 0 
1,479 0 0 0 0 0 

15 31 0 192 0 0 
15 0 0 0 0 0 
15 31 49 76 99 118 
15 30 49 0 0 0 
15 31 49 76 99 118 
15 31 49 0 0 0 
15 0 3,210 0 250 0 

229 0 76 0 0 0 
268 31 49 0 0 0 

15 31 49 76 0 0 
15 31 49 0 172 0 

0 0 0 0 0 0 
0 0 0 0 0 0 

3,871 31 49 76 0 0 
3,871 31 49 0 0 0 

30 30 49 0 0 0 
15 0 76 0 0 0 

367 31 49 76 99 37 
15 31 49 76 99 118 
15 30 49 0 0 0 

0 0 0 0 0 0 
2,491 1,149 49 76 0 0 

0 0 1,106 0 0 0 
3,845 0 0 0 0 0 

0 0 3,769 0 0 0 
990 0 0 0 0 0 

0 0 64 0 0 0 

691 438 216 24 29 12 

Total 
Jul Aug Sep (TAF)· 

0 0 0 257 
86 67 0 246 

0 0 0 3 
86 0 0 246 
85 0 0 260 

0 0 0 277 
86 0 0 252 

0 0 0 0 
0 0 0 238 
0 0 0 0 
0 0 0 148 
0 0 0 0 
0 0 0 121 

86 0 0 248 
86 0 0 243 

0 0 0 259 
0 0 2,749 431 

86 0 0 84 
85 0 0 248 

0 0 0 249 
0 0 0 252 
0 0 0 246 

86 0 0 50 
0 0 0 253 

86 0 0 247 
85 67 0 9 
85 67 0 27 

0 0 0 233 
87 68 0 248 
85 0 0 253 

0 0 4,000 506 
0 0 0 6 

87 0 0 315 
86 66 0 249 

0 0 204 262 
86 67 0 488 

0 0 3,853 493 
85 0 0 219 
86 0 0 159 
85 0 0 227 
86 0 0 246 

0 0 0 264 
86 68 0 337 
86 0 0 253 
86 0 0 248 

130 0 3,879 498 
85 0 0 23 

0 0 4,000 497 
87 0 0 16 
85 0 0 456 
86 66 0 273 

0 0 0 263 
0 0 3,000 433 
0 0 734 124 
0 0 0 195 
0 0 0 0 
0 0 0 243 
0 0 0 432 
0 0 0 246 

86 0 0 256 
0 0 4,000 522 

130 115 87 49 
0 0 0 11 

86 0 0 242 
0 0 0 250 

85 0 0 72 
0 0 0 234 

86 67 0 236 
0 0 0 60 
0 0 0 4 

43 10 379 222 



Table A'-7b. DeltaSOS-SimulatedDW Operations 
for Alternative 1: DW Discharge to Export Wheeling (cfs) 

Water : .... ·· .. 
·.Total 

Year Oct Nov .. Dec Jan ··• Feb Mar Apr May Jun Jul Aug Sep (TAF) 

1922 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1923 0 0 0 0 4,000 0 0 0 0 0 0 0 241 
1924 0 0 0 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 0 0 0 0 154 0 2,815 72 183 
1926 0 0 0 0 0 0 0 461 0 0 2,914 0 203 
1927 0 0 417 0 0 0 0 0 529 3,015 0 0 239 
1928 0 0 0 0 0 0 0 589 137 0 2,704 0 207 
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 0 0 276 1,100 397 0 1,176 426 0 203 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 2,365 0 0 0 0 0 0 142 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 90 664 430 44 308 0 0 92 
1935 0 0 0 0 0 0 0 1,129 0 0 2,236 51 206 
1936 0 0 0 0 0 0 0 0 588 0 2,856 0 208 
1937 0 0 0 0 0 0 0 0 2,822 724 0 0 214 
1938 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1939 0 0 0 0 0 0 677 483 0 0 2,196 0 202 
1940 0 0 0 0 0 0 0 703 586 0 987 1,195 209 
1941 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1942 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1943 0 0 0 0 0 0 0 1,843 857 855 0 0 214 
1944 0 0 0 0 0 0 592 0 0 0 0 0 36 
1945 0 0 0 0 0 0 0 171 0 2,105 1,063 0 201 
1946 0 0 0 0 4,000 0 0 9 0 0 0 0 242 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 5 0 
1949 0 0 0 0 0 0 0 1,454 0 1,145 740 0 201 
1950 0 0 0 0 0 0 0 609 0 0 0 2,844 208 
1951 0 0 0 0 0 0 0 0 587 0 2,148 644 204 
1952 0 0 97 0 0 0 0 0 0 2,749 876 0 224 
1953 0 0 0 0 388 0 0 0 0 3,027 0 0 206 
1954 0 0 1,037 0 0 0 0 544 153 0 1,633 1,126 271 
1955 0 0 87 0 67 0 0 0 0 0 0 3,379 213 
1956 0 0 0 0 0 0 0 0 0 2,727 784 0 212 
1957 0 515 3,335 0 0 0 865 0 136 0 0 2,520 444 
1958 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1959 0 0 3,265 0 0 2,691 1,093 0 0 0 0 0 425 
1960 0 0 0 26 0 0 1,126 411 0 0 363 0 116 
1961 0 0 0 0 0 0 1,143 412 0 0 1,314 0 173 
1962 0 0 0 0 0 0 1,332 593 0 0 1,236 0 190 
1963 0 0 208 0 0 0 0 0 0 1,141 2,370 0 224 
1964 0 0 1,451 0 261 0 616 479 0 0 0 2,080 294 
1965 0 0 0 0 0 63 0 1,041 587 0 1,888 0 216 
1966 0 0 0 0 0 0 0 1,461 0 0 592 1,252 199 
1967 0 0 0 0 0 0 0 0 0 0 3,755 0 226 
1968 0 0 0 0 0 0 637 1,245 0 0 1,563 0 208 
1969 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1970 0 0 0 0 0 0 157 52 0 0 3,222 0 207 
1971 0 0 0 0 3,469 0 80 0 0 0 3,596 0 431 
1972 0 176 215 0 0 0 625 480 0 0 0 2,399 235 
1973 0 0 254 0 0 0 0 o· 587 92 2,679 0 218 
1974 0 0 0 0 0 0 0 0 0 3,137 275 0 206 
1975 0 0 0 0 0 0 0 0 0 1,533 1,978 0 212 
1976 0 0 1,135" 2,708 0 0 0 0 0 0 0 0 232 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 0 0 245 3,291 0 0 213 
1979 0 0 3,169 0 0 0 0 0 588 2,337 433 0 393 
1980 0 0 16 0 0 0 0 0 514 2,957 0 0 210 
1981 0 162 0 0 0 0 676 1,250 0 0 1,521 0 217 
1982 0 0 352 0 0 0 0 0 0 2,614 933 0 235 
1983 0 0 0 0 0 0 0 0 0 0 0 0 0 
1984 0 0 0 0 0 0 0 0 0 697 2,642 0 201 
1985 0 0 0 0 0 0 768 456 0 0 961 1,125 199 
1986 0 0 0 0 0 0 0 0 0 3,527 0 0 213 
1987 0 0 0 0 0 0 866 95 0 0 0 0 58 
1988 0 0 0 26 0 0 587 425 0 2,359 0 0 205 
1989 0 0 0 0 0 0 0 827 0 0 0 2,562 204 
1990 0 0 0 0 0 0 658 104 0 0 0 0 46 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 

Average 0 12 215 39 174 78 204 259 130 910 796 304 188 



Water 
Year Oct Nov 

1922 0 0 
1923 238 238 
1924 0 0 
1925 0 0 
1926 0 0 
1927 0 238 
1928 0 238 
1929 0 0 
1930 0 0 
1931 0 0 
1932 0 0 
1933 0 0 
1934 0 0 
1935 0 0 
1936 0 0 
1937 0 0 
1938 0 238 
1939 238 238 
1940 0 0 
1941 0 0 
1942 238 238 
1943 238 238 
1944 0 0 
1945 0 0 
1946 0 215 
1947 0 0 
1948 0 0 
1949 0 0 
1950 0 0 
1951 0 238 
1952 0 71 
1953 238 238 
1954 201 238 
1955 0 6 
1956 0 0 
1957 238 206 
1958 160 238 
1959 238 238 
1960 0 0 
1961 0 0 
1962 0 0 
1963 238 238 
1964 105 238 
1965 0 0 
1966 39 238 
1967 0 0 
1968 238 238 
1969 0 0 
1970 238 238 
1971 0 238 
1972 151 139 
1973 0 238 
1974 0 238 
1975 238 238 
1976 238 238 
1977 0 0 
1978 0 0 
1979 186 196 
1980 0 175 
1981 176 165 
1982 0 238 
1983 238 238 
1984 238 238 
1985 186 238 
1986 0 0 
1987 0 0 
1988 0 0 
1989 0 0 
1990 0 0 
1991 0 0 

Average 65 105 

Table A1-7c. DeltaSOS-Simulated DW Operations 
for Alternative 1: DW End-of-Month Storage (TAF) 

• ·D.ec• Jan Feb Mar ... Apr •. May Jun 

107 232 238 238 234 238 238 
238 238 14 11 7 1 0 

0 3 2 0 0 0 0 
0 0 222 219 215 209 192 
0 53 238 235 231 196 189 

212 238 238 238 238 232 193 
238 238 236 238 234 191 176 

0 0 0 0 0 0 0 
0 238 236 221 151 121 114 
0 0 0 0 0 0 0 

53 150 148 0 0 0 0 
0 0 0 0 0 0 0 
0 123 122 113 69 37 27 
0 238 236 233 238 162 155 
0 238 238 238 234 227 185 
0 0 222 238 234 227 52 

238 238 238 238 238 238 238 
238 237 235 232 188 152 145 

0 238 238 238 238 189 147 
238 238 238 238 238 238 231 
238 238 238 235 238 238 231 
238 238 238 238 238 119 61 

0 0 43 40 (0) 0 0 
104 103 238 238 234 217 210 
238 238 14 11 7 (0) 0 

0 0 0 0 0 0 0 
0 0 0 0 0 18 11 
0 0 0 238 234 138 131 
0 205 238 235 231 187 180 

238 238 238 238 234 227 185 
232 238 238 238 238 238 238 
238 238 215 212 207 201 194 
173 238 238 238 238 198 182 
233 238 233 230 225 219 212 
238 238 238 238 234 238 231 

0 0 174 238 182 176 161 
238 238 238 238 238 238 238 
36 238 238 70 (0) 0 0 

2 (0) 145 142 70 39 32 
0 0 205 202 129 98 91 
0 0 222 219 135 93 86 

225 238 238 238 238 238 231 
148 238 221 218 177 142 135 
238 238 238 231 238 168 126 
238 238 236 233 229 133 126 
238 238 238 238 238 238 238 
238 238 238 238 196 113 106 
238 238 238 238 238 238 238 
238 238 238 238 224 215 208 
238 238 44 238 229 238 231 
225 238 236 238 196 161 154 
222 238 238 238 234 227 185 
238 238 238 238 238 232 225 
238 238 238 238 234 238 231 
167 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 238 238 238 238 232 210 
0 238 238 238 234 227 185 

237 238 238 238 234 227 190 
238 238 236 238 193 110 103 
216 238 238 238 238 238 233 
238 2<38 238 238 238 238 238 
238 238 238 238 234 227 220 
238 237 235 232 182 148 141 
24 176 238 - 238 238 232 225 
0 0 0 68 12 (0) 0 
2 236 235 232 192 160 153 
0 0 0 232 227 170 163 
0 61 59 56 12 (0) 0 
0 0 0 4 0 0 0 

122 162 175 181 167 148 135 

Jul Aug. Sep 

0 0 0 
5 4 0 
0 0 0 

190 9 (0) 
186 (0) 0 

(0) 0 0 
173 0 0 

0 0 0 
33 (0) 0 

0 0 0 
0 0 0 
0 0 0 

(0) 0 0 
153 8 (O) 
183 0 0 

(0) 0 0 
0 0 164 

142 0 0 
144 76 (0) 

(0) 0 0 
(0) 0 0 
(0) 0 0 
5 0 0 

72 0 0 
5 0 0 
5 4 0 
8 6 (0) 

53 0 0 
177 174 (0) 
183 44 (0) 

61 0 238 
(0) 0 0 

180 72 (0) 
209 206 (0) 
55 (0) 12 

158 155 (0) 
0 0 229 
5 0 0 

29 0 0 
88 0 0 
83 (0) 0 

153 (0) 0 
132 129 0 
123 (0) 0 
123 80 (0) 
238 0 231 
103 (0) 0 

0 0 238 
205 0 0 
228 (0) 0 
151 148 0 
172 0 0 

24 0 179 
129 0 44 

0 0 0 
0 0 0 

(0) 0 0 
34 0 0 

0 0 0 
101 (0) 0 
64 (0) 238 

238 238 238 
170 (0) 0 
138 72 (0) 

(0) 0 0 
5 0 0 

(0) 0 0 
161 158 (0) 

0 0 0 
0 0 0 

75 23 26 



. > 

• Water· 
Year 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

Table A~-8. DeltaSOS Mean Annual Simulation Output 
for Alternative 1 

Sac • • SJR · Added Jllew -.-· 
&sin •. Basin Sac • Sac · 
Year Year Row Row • 
Type Type {TAF} (TAF) 

2 
3 
5 
4 
4 
1 
2 
5 
4 
5 
4 
5 
5 
3 
3 
3 
1 
4 
2 
1 
1 
1 
4 
3 
3 
4 
3 
4 
3 
2 
1 
1 
2 
4 
1 
2 
1 
3 
4 
4 
3 
1 
4 
1 
3 
1 
3 
1 
1 
1 
3 
2 
1 
1 
5 
5 
2 
3 
2 
4 
1 
1 
1 
4 
1 
4 
5 
4 
5 
5 

1 
2 
5 
3 
4 
2 
3 
5 
5 
5 
2 
4 
5 
2 
2 
1 
1 
4 
2 
1 
1 
1 
3 
2 
2 
4 
3 
3 
3 
2 
1 
3 
3 
4 
1 
3 
1 
4 
5 
5 
3 
2 
4 
1 
3 
1 
4 
1 
2 
3 
4 
2 
1 
1 
5 
5 
1 
2 
1 
4 
1 
1 
2 
4 
1 
5 
5 
5 
5 
5 

0 15,237 
0 14,489 
0 8,586 
0 12,064 
0 11,614 
0 19,015 
0 18,455 
0 8,696 
0 10,768 
o s,n5 
0 8,618 
0 7,535 
0 8,173 
0 12,496 
0 13,335 
0 12,426 
0 28,179 
0 10,712 
0 17,638 
0 23,780 
0 25,353 
0 20,972 
0 11,388 
0 12,566 
o 1s.1n 
0 10,949 
0 13,098 
0 11,993 
0 12,811 
0 21,672 
0 28,323 
0 18,839 
0 19,873 
0 11,447 
0 21,768 
0 15,092 
0 26,266 
0 14,716 
0 11,339 
0 11,459 
0 12,372 
0 20,611 
0 12,397 
0 19,519 
0 13,901 
0 22,181 
0 15,971 
0 23,660 
0 21,543 
0 20,939 
0 13,210 
0 19,810 
0 29,264 
0 20,440 
0 10,456 
0 6,824 
0 16,859 
0 13',993 
0 18,292 
0 13,093 
0 29,591 
0 35,5n 
0 23,213 
0 13,038 
0 18,958 
0 10,952 
0 9,416 
0 11,782 
0 8,675 
0 8,612 

0 15,998 

Required Added New Steam & DCC } Revised Revised • ••.• · Revisecl QWEST wl 
SJR SJR I SJR Sutter ····• RiC! Vista . DCC( Georgiana RiQvtsta • lnmaL • 
Aow Aow -·· Aow Aow Reduction .. Flow • & occ •·· ... -.- Aow EXport 

. •. . . ·.- .•. rr .. ----'"f) .. · • ·--·· .· fr .. A. ·.Fl-.. ··-• •. • '• ·rr ... A.· ---F)-'.•-·- •• •--.· > tr ..... 'A. 'F) .•• ·. -.-- "AF) .. • .•· ·• rr. · . .AF)'. (TAF) . {J'AF) (TAF). P" \'' .. \'' \'' \.'' 

1,682 
1,663 

820 
1,213 
1,107 
1,663 
1,295 

820 
816 
790 

1,244 
1,004 

820 
1.4n 
1,585 
1,682 
1,759 
1,004 
1,585 
1,759 
1,759 
1,759 
1,140 
1,507 
1,585 
1,056 
1,140 
1,140 
1,192 
1,663 
1,759 
1,295 
1,295 
1,056 
1,759 
1,244 
1,759 
1,159 

846 
842 

1,110 
1,585 
1,056 
1,759 
1,244 
1,759 
1,211 
1,759 
1,585 
1,295 
1,107 
1,663 
1,759 
1,682 

820 
790 

1,729 
1,585 
1,759 
1,159 
1,759 
1,759 
1,585 
1,107 
1,682 

846 
790 
842 
790 
816 

1,331 

0 
73 

4 
29 

0 
71 
30 

2 
28 

2 
0 
0 
4 
0 

80 
56 

0 
0 

78 
0 
0 

78 
45 
n 
74 
50 

3 
49 

0 
80 

0 
0 

29 
9 
0 

27 
1 

69 
30 
40 
45 

0 
36 
80 
49 

0 
49 

0 
74 

0 
0 

78 
2 
0 
9 
0 
0 

78 
0 

49 
3 
0 

74 
50 

0 
16 

6 
31 

4 
37 

3,037 
2,564 
1,264 
1,491 
1,511 
1,963 
1,736 
1,306 
1,168 
1,257 
1,655 
1,388 
1,205 
2,051 
2,221 
2,860 
5,428 
1,695 
1,973 
3,sn 
2,986 
3,229 
1,688 
2,321 
2,146 
1,607 
1,421 
1,472 
1,532 
2,663 
3,023 
1,965 
1,601 
1,374 
3,270 
1,812 
3,397 
1,800 
1,247 
1,179 
1,530 
1,934 
1,394 
2,404 
2,011 
3,304 
1,709 
5,442 
3,357 
1,732 
1,515 
2,252 
2,240 
2,310 
1,169 
1,016 
2,267 
2,378 
4,818 
1,962 
5,389 

15,726 
6,524 
1,909 
4,814 
1,661 
1,020 
1,036 

944 
995 

4,804 
4,395 
2,261 
3,509 
3,338 
6,229 
6,051 
2,314 
3,052 
1,651 
2,274 

. 1,931 
2,172 
3,700 
3,996 
3,671 
9,982 
3,007 
5,687 
8,157 
8,822 
6,984 
3,253 
3,714 
5,102 
3,089 
3,868 
3,503 
3,n4 
7,244 
9,970 
6,162 
6,490 
3,263 
7,335 
4,642 
9,182 
4,523 
3,228 
3,280 
3,632 
a,8n 
3,615 
6,453 
4,172 
7,439 
5,020 
8,066 
7,316 
6,908 
3,920 
6,529 

10,392 
6,784 
2,943 
1,703 
5,405 
4,235 
6,032 
3,885 

10,473 
12,980 
7,985 
3,861 
6,463 
3,102 
2,563 
3,442 
2,288 
2,286 

27 2,428 5,091 

0 
0 

32 
0 
0 
0 
0 

42 
0 

91 
0 

97 
66 
29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

36 
31 

0 
0 
0 
0 
0 
0 
0 
0 
0 

38 
31 
52 
29 

949 
1,567 
1,115 
1,438 
1,419 
1,355 
1,4n 
1,147 
1,269 

875 
1,142 

908 
916 

1,301 
1,365 
1,290 
1,057 
1,498 
1,469 
1,370 
1,151 
1,426 
1,423 
1,386 
1,435 
1,438 
1,630 
1,421 
1,525 
1,526 
1,183 
1,240 
1,575 
1,488 
1,499 
1,623 
1,243 
1,536 
1,455 
1,434 
1,418 
1,184 
1,540 
1,378 
1,502 
1,144 
1,525 
1,543 
1,506 
1,583 
1,524 
1,487 
1,580 
1,674 
1,324 

821 
1,187 
1,449 
1,267 
1,436 
1,562 
1,050 
1,190 
1,485 
1,300 
1,383 
1,161 
1,324 
1,143 
1,072 

8 1,347 

3,631 
4,039 
2,902 
3,630 
3,554 
4,501 
4,542 
2,939 
3,310 
2,453 
2,924 
2,579 
2,658 
3,554 
3,727 
3,547 
5,533 
3,498 
4,408 
5,188 
5,211 
4,820 
3,528 
3,653 
4,178 
3,480 
3,917 
3,616 
3,793 
5,004 
5,647 
4,362 
4,n8 
3,587 
5,011 
4,175 
5,417 
4,064 
3,546 
3,545 
3,656 
4,566 
3,756 
4,592 
3,913 
4,729 
4,226 
5,297 
5,006 
4,932 
3,842 
4,717 
6,144 
4,962 
3,307 
2,391 
4,063 
3,884 
4,358 
3,756 
6,157 
6,551 
4,958 
3,790 
4,534 
3,437 
3,048 
3,490 
2,939 
2,863 

4,090 

11,586 
10,425 
5,437 
9,040 
8,157 

17,527 
14,653 
5,573 
7,368 
4,103 
5,630 
4,753 
5,386 
9,935 

10,821 
8,936 

31,093 
6,983 

17,640 
27,629 
25,051 
17,571 
7,790 
9,005 

13,192 
7,285 
8,948 
8,292 
8,851 

18,363 
24,889 
16,711 
15,551 
7,n5 

24,852 
11,044 
29,612 
10,754 
7,825 
7,844 
9,182 

18,800 
8,495 

19,247 
10,033 
19,913 
12,181 
23,945 
24,373 
16,920 
9,253 

18,433 
30,030 
16,153 
6,917 
4,233 

15,113 
10,011 
19,356 
9,162 

30,065 
42,561 
22,157 
9,191 

23,167 
7,300 
6,236 
8,090 
5,561 
5,552 

13,793 

824 
465 

(1,130) 
(667) 

(1,037) 
212 

(275) 

(886H (1,021 
(28 
308 

(326) 
(423) 
(372) 
136 
804 

5,905 
(510) 
100 

2,950 
2,793 
3,269 

(1 '164) 

(244~ (65 
(1,585 

t
1 ,430~ 1,039 
1,161 
1,957 
2,963 

767 
(526) 

(1,416) 
2,374 
(740) 

3,022 
112 

(1,648) 
(1,714~ 

(951 
(18 

(1,369) 
758 
(959) 

1,947 
706 

5,690 
3,752 

(185) 
(1,549) 

995 
2,138 

919 
(1,263) 

(428) 
2,171 

355 
4,240 

(436) 
6,953 

21,590 
8,228 

(591) 
4,991 

(1 ,270) 
(961) 

(
1
_ fl

309ii 812 
564 

887 

Notes: Defmitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: l=wet, 2=above normal, 3=below normal, 4=dry, 5=criticallydry 
Negative values shown in parentheses. 



Table A~-8. Continued 

I 
··Reduced Initial Initial Required ReviSed Reduced· >~~ott •Reduced ··Net·· . . AdjiJStect • Revised·•· ••· Revised 
Export tor Collinsville Chipps Delta Monte:L Exporffor .· e<port Export·· • .Total QWEST ·• Collinsville 

Water OWEST Outflow ·Outflow Outflow k Flow Outflow ·.umits<.· forUmftl: Change···· EXpo~ 
.••·•·••• Flow 

... outflow · 
·year (TAF). • (TAF) (TAF) .(TAF) (TAF) (TAF} ··•. (r~F}.··· (TAF) • (TAF) ••< (TAF) • .•••.• •••·• (TAF)··· 

•··TrAI~t 

1922 0 12,321 11,391 6,103 930 1 8,364 13 204 6,389 620 12,117 
1923 0 10,803 9,917 5,833 886 0 9,521 4 294 6,485 171 10,509 
1924 0 4,180 3,375 4,063 805 3 5,401 2 16 4,558 (1 '146~ 4,164 
1925 0 8,292 7,430 5,195 862 3 7,312 8 68 5,803 (736 8,223 
1926 0 7,022 6,175 5,006 847 3 6,923 11 13 5,746 (1 ,050~ 7,009 
1927 0 17,655 16,686 6,980 970 1 10,720 6 376 6,618 ~163 17,280 
1928 0 14,2n 13,355 6,665 922 1 10,032 6 419 6,746 694 13,858 
1929 0 4,573 3,760 4,418 813 3 5,435 0 19 4,583 (906~ 4,553 
1930 0 6,245 5,414 5,052 832 3 6,182 9 5 5,014 (1 ,026 6,240 
1931 0 3,702 2,901 3,657 800 3 4,306 0 14 3,341 (301 3,688 
1932 0 5,849 5,019 5,190 831 1 5,625 6 149 4,296 159 5,701 
1933 0 4,313 3,503 4,050 810 3 4,694 0 18 3,696 

~=~ 
4,295 

1934 0 4,853 4,038 4,532 815 3 4,803 2 20 3,757 4,833 
1935 0 9.4n 8,584 6,455 893 3 7,413 3 67 5,992 (438) 9,411 
1936 0 1o.8n 9,993 6,248 883 3 8,419 25 31 6,184 105 10,846 
1937 0 9,666 8,791 5,287 874 3 7,752 44 23 5,902 781 9,643 
1938 0 36,940 35,736 8,125 1,204 1 18,482 6 996 7,223 4,909 35,944 
1939 0 6,353 5,520 4,357 833 0 6,865 1 705 5,793 (1 ,215) 5,648 
1940 0 17,676 16,697 7,246 979 3 10,409 27 47 6,467 53 17,629 
1941 0 30,529 29,403 7,010 1,125 1 16,412 14 394 6,669 2,557 30,135 
1942 0 27,769 26,688 6,671 1,082 0 16,125 0 1,291 7,240 1,502 26,478 
1943 0 20,751 19,767 7,309 984 0 13,363 0 1,172 6,730 2,097 19,579 
1944 0 6,521 5,686 4,952 835 3 6,788 9 67 5,995 (1 ,231) 6,454 
1945 0 8,664 7,806 5,2n 858 1 7,966 4 332 6,466 (576~ 8,332 
1946 0 13,020 12,120 6,279 900 1 11,239 6 26 6,316 (90 12,994 
1947 0 5,583 4,756 5,072 827 3 6,751 1 6 6,039 (1,590 5,578 
1948 0 7,409 6,543 5,487 866 3 7,141 1 62 6,363 ~1 ,492~ 7,347 
1949 0 7,142 6,299 4,921 843 3 6,947 16 29 5,720 1,068 7,113 
1950 0 7,579 6,725 5,599 854 3 7,295 11 29 6,180 (1 '190 7,550 
1951 0 20,237 19,264 6,326 972 0 14,970 11 364 7,129 1,593 19,873 
1952 0 27,785 26,665 7,985 1,120 1 15,787 5 614 7,541 2,349 27,171 
1953 0 17,375 16,419 6,080 956 0 12,676 0 1,508 6,812 (741) 15,867 
1954 0 14,909 13,968 7,021 940 1 10,339 0 663 7,036 ~1 ,189~ 14,246 
1955 0 6,255 5,422 5,051 834 0 7,346 7 63 6,079 1,480 6,192 
1956 0 27,158 26,099 6,221 1,058 1 17,795 5 304 7,128 2,070 26,853 
1957 0 10,196 9,315 5,661 880 2 8,552 1 483 6,769 (1 ,223) 9,712 
1958 0 32,590 31,417 7,267 1,173 0 16,086 6 596 7,642 2,426 31,995 
1959 0 10,755 9,880 5,294 875 0 8,800 0 942 6,118 (829~ 9,813 
1960 0 6,062 5,230 5,203 832 3 6,803 11 (1) 5,855 (1,648 6,063 
1961 0 ·6,020 5,189 5,097 831 3 6,750 8 1 5,7n (1,71~ 6,018 
1962 0 8,134 7,281 5,063 853 3 7,528 9 2 5,798 ~952 8,132 
1963 0 18,707 17,694 7,329 1,013 0 11 '162 6 487 7,138 50 18,220 
1964 0 7,008 6,169 5,143 839 1 7,804 1 61 5,975 (1 ,430) 6,947 
1965 0 19,912 18,920 6,670 991 1 14,496 6 97 6,748 661 19,814 
1966 0 8,964 8,102 5,602 862 0 8,613 4 404 6,807 (1 ,364) 8,560 
1967 0 21,799 20,750 7,553 1,049 1 13,108 6 762 7,627 1,185 21,037 
1968 0 12,n8 11,884 5,557 894 0 9,256 0 1,na 6,556 (1 ,067) 11,005 
1969 0 29,568 28,445 7,967 1,123 1 16,813 6 883 7,313 4,807 28,685 
1970 0 28,036 26,997 5,637 1,039 0 18,655 0 1,757 6,789 1,995 26,278 
1971 0 16,639 15,687 7,094 952 1 12,449 6 161 6,974 (346~ 16,478 
1972 0 7,581 6,735 5,409 846 0 7,849 4 330 6,673 (1 ,879 7,251 
1973 0 19,an 18,410 6,821 966 0 12,919 13 324 6,932 671 19,053 
1974 0 32,083 30,958 6,944 1,126 1 19,746 3 615 7,444 1,523 31,468 
1975 0 16,975 16,015 6,627 960 0 10,903 0 1 '111 7,604 (192~ 15,864 
1976 0 5,528 4,706 4,416 821 1 6,343 0 96 5,095 (1,359 5,432 
19n 0 3,682 2,882 3,657 800 3 4,264 0 24 3,076 (452) 3,658 
1978 0 17,228 16,266 7,933 962 3 10,117 0 1,221 5,728 950 16,008 
1979 0 10,275' 9,397 5,844 878 1 8,242 0 693 6,498 (338) 9,582 
1980 0 23,524 22,522 6,568 1,002 1 14,443 19 711 6,384 3,529 22,813 
1981 0 8,612 7,757 5,109 855 0 7,849 0 901 6,488 (1 ,337) 7,711 
1982 0 36,973 35,733 7,099 1,240 1 20,240 6 515 7,781 6,438 36,458 
1983 0 64,141 62,588 6,197 1,553 0 31,346 0 2,964 8,an 18,627 61,1n 
1984 0 30,285 29,222 5,676 1,063 0 20,548 0 2,502 7,078 5,725 27,782 
1985 0 8,501 7,647 5,068 854 0 8,383 4 317 6,251 (908) 8,184 
1986 0 28,103 27,051 6,155 1,052 1 14,333 46 227 6,495 4,764 27,876 
1987 0 5,913 5,083 4,819 829 2 6,602 0 47 5,854 (1.31n 5,866 
1988 0 5,167 4,349 4,505 818 3 5,648 5 10 4,456 (971 5,157 
1989 0 6,669 5,825 ·4,816 844 2 6,313 17 22 5,300 

(1 ,33~~ 6,647 
1990 0 4,640 3,825 4,506 814 3 5,037 2 12 4.on (824 4,628 
1991 0 4,878 4,062 4,088 816 3 4,808 4 16 3,824 (581 4,862 

Average 0 14,587 13,656 5,802 931 1 10,292 7 450 6,162 437 14,137 



Table A1-8. Continued 

AVailable .. ·. . . · · .·... Delta .Delta • Delta < Final Final Final .3""Mile .• Old River > Final Old 8; 
••••· fer OW .··• Celt!!& • $tar~ge • • .. Storage Stor~e Total·· QWEST .•... ··.Delta · Slougb • Dh18fSion Antioch Middle 

Wa.tei •· PiversiOn Storage •• Diversion Export • Ol.ltflow. Export . · · ·Flow / Ol.ltflow •.••. ·• Flow .•·• •• · FJQ'N .. ·· ..•.••... Flow ( < Flow •··· 
Year .··• .• {TAF) 1 (TAf) (TAF) • (TAF) (TAF) (I'AF) (TAF)• • (rAF) • {I'Af) (rAF) (TAF) (TAf) 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

1,073 
2,239 

3 
n4 
432 

2,854 
2,473 

0 
281 

0 
148 

0 
121 
617 

1,433 
934 

8,837 
552 

2,660 
5,968 
5,142 
4,700 

50 
880 

2,353 
9 

27 
449 
327 

5,187 
6,016 
2,567 
2,5n 

709 
5,267 

940 
6,698 
1,811 

159 
227 
827 

3,055 
1,263 
3,157 
1,218 
4,461 
2,134 
6,436 
5,616 
3,002 

609 
4,138 
6,244 
2,724 

567 
0 

2,713 
1,050 
5,331 

782 
8,660 

21,447 
8,815 
1,578 
6,120 

72 
417 
236 

60 
4 

2,575 

238 
238 

3 
222 
238 
238 
238 

0 
238 

0 
150 

0 
123 
238 
238 
238 
238 
238 
238 
238 
238 
238 

43 
238 
238 

5 
18 

238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
145 
205 
222 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 

0 
238 
238 
238 
238 
238 
238 
238 
238 
238 
68 

237 
232 

61 
4 

198 

257 
246 

3 
246 
260 
2n 
252 

0 
238 

0 
148 

0 
121 
248 
243 
259 
431 
84 

248 
249 
252 
246 
50 

253 
247 

9 
27 

233 
248 
253 
506 

6 
315 
249 
262 
488 
493 
219 
159 
227 
246 
264 
337 
253 
248 
498 

23 
497 

16 
456 
273 
263 
433 
124 
195 

0 
243 
432 
246 
256 
522 

49 
11 

242 
250 
72 

234 
236 

60 
4 

222 

225 
241 

0 
183 
203 
239 
207 

0 
203 

0 
142 

0 
92 

206 
208 
214 
225 
202 
209 
219 
219 
214 
36 

201 
242 

0 
o· 

201 
208 
204 
224 
206 
271 
213 
212 
444 
225 
425 
116 
173 
190 
224 
294 
216 
199 
226 
208 
225 
207 
431 
235 
218 
206 
212 
232 

0 
213 
393 
210 
217 
235 

0 
201 
199 
213 
58 

205 
204 
46 

0 

188 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6,614 
6,726 
4,558 
5,987 
5,950 
6,857 
6,953 
4,583 
5,218 
3,341 
4,439 
3,696 
3,849 
6,198 
6,392 
6,115 
7,448 
5,995 
6,676 
6,887 
7,459 
6,944 
6,031 
6,667 
6,558 
6,039 
6,364 
5,922 
6,388 
7,333 
7,765 
7,018 
7,307 
6,292 
7,339 
7,213 
7,868 
6,543 
5,971 
5,950 
5,989 
7,363 
6,270 
6,964 
7,006 
7,853 
6,763 
7,538 
6,995 
7,405 
6,908 
7,150 
7,649 
7,816 
5,326 
3,076 
5,941 
6,891 
6,594 
6,706 
8,016 
s.3n 
7,280 
6,450 
6,707 
5,912 
4,660 
5,504 
4,123 
3,824 

0 6,350 

363 
(75) 

(1,149) 
(982) 

(1 ,309~ 

~~~ 
(906~ (1,264 
(301 

11 
(344) 
(564) 

~~:~ 
522 

4,478 
(1 ,299) 

(195) 
2,307 
1,251 
1,851 

(1 ,281) 

~829~ 
(1.=~ 

~
1 ,519~ 
1,301 
1,438 
1,341 
1,842 
(747) 

(1 ,504) 
(1 ,729) 
1,809 

(1 ,711) 
1,933 

(1 ,048) 
(1 ,807) 
(1,942) 
(1,199) 

(770) 
(1 ,768) 

408 
(1 ,612) 

687 
(1 ,090) 
4,309 
1,978 
(802) 

(2,152) 
408 

1,091 
(316) 

(1 ,554) 
(452) 
708 

(770) 
3,282 

(1 ,592) 
5,916 

18,578 
5,714 

(1,150) 
4,514 

(1 ,389) 
(1,20~5) 
(1,56 

l~ 
215 

11,860 
10,263 

4,161 
7,9n 
6,750 

17,003 
13,606 

4,553 
6,002 
3,688 
5,553 
4,295 
4,712 
9,163 

10,603 
9,383 

35,514 
5,564 

17,381 
29,885 
26,227 
19,334 
6,405 
8,079 

12,747 
5,568 
7,320 
6,880 
7,302 

19,621 
26,665 
15,861 
13,931 
5,943 

26,592 
9,224 

31,501 
9,595 
5,903 
5,791 
7,886 

17,955 
6,610 

19,562 
8,312 

20,539 
10,982 
28,188 
26,262 
16,022 
6,978 

18,790 
31,036 
15,740 

5,237 
3,658 

15,765 
9,150 

22,566 
7,456 

35,935 
61,128 
21.n1 

7,942 
27,626 
5,794 
4,923 
6,411 
4,568 
4,858 

2,587 
2,454 
1,627 
2,415 
2,312 
4,224 
3,712 
1,583 
2,114 
1,051 
1,309 
1,216 
1,432 
2,531 
2,566 
1,920 
5,845 
2,035 
4,173 
5,717 
5,448 
3,516 
2,217 
2,359 
3,181 
2,199 
2,562 
2,341 
2,514 
3,860 
5,224 
4,130 
4,097 
2,354 
5,226 
3,111 
6,297 
2,835 
2,390 
2,437 
2,516 
4,624 
2,534 
4,359 
2,844 
4,427 
3,181 
4,231 
5,062 
4,196 
2,832 
4,169 
6,658 
3,864 
2,099 
1,128 
3,301 
2,575 
3,483 
2,635 
5,154 
4,099 
3,374 
2,503 
3,986 
2,137 
1,831 
2,3n 
1,573 
1.4n 

13,915 3,148 

1,587 
1,369 

825 
852 
an 

1,038 
996 
851 
764 
831 
943 
853 
805 

1,100 
1,192 
1,494 
3,087 

995 
1,046 
2,157 
1,534 
1,611 

984 
1,254 
1,139 

958 
806 
842 
866 

1,430 
1,548 
1,084 

908 
844 

1,711 
964 

2,019 
997 
802 
763 
892 

1,021 
869 

1,246 
1,110 
1,729 

943 
3,097 
1,632 

993 
902 

1,204 
1,154 
1,176 

755 
676 

1,158 
1,220 
2,567 
1,068 
3,355 
9,324 
3,669 
1,103 
2,756 

919 
685 
646 
633 
634 

2,950 
2,379 

478 
1,433 
1,003 
3,783 
2,766 
an 
850 
750 

1,320 
872 
868 

1,845 
2,428 
2,442 

10,323 
736 

3,978 
8,025 
6,698 
5,367 

936 
1,530 
2,843 

600 
1,043 
1,040 
1,076 
5,201 
7,067 
3,382 
2,592 

625 
7,035 
1,400 
8,230 
1,787 

583 
495 

1,318 
3,854 

766 
4,767 
1,232 
5,113 
2,091 
8,541 
7,040 
3,393 

679 
4,5n 
7,749 
3,549 

546 
676 

4,009 
1,805 
6,766 
1,042 

11,070 
22.en 
9,088 
1,353 
8,500 

748 
626 
810 
690 
893 

(5,526) 

~
5,852~ 
4,391 
5,612 

~5,61~ 6,29 
6,504 

~4,338~ 5,013 
3,120 

~4,009~ 3,461 
3,644 

1
5,5961 5,663 
5,066 
4,735 

~5,6~6 6,032 
5,0 

{6,371~ 5,831 
5,609 

~5.94E 5,993 

~~:~:~ 5,669 
6,111 

{6,376~ 6,626 
6,489 

~
,006) 
,003 
,049 ,828~ 

~6,16~ 6,138 

~~:~~~ 5,631 
6,786 

~6,01~ 6,23 
6,478 

{6,515~ 6,401 
4,853 

1

5,8661 6,939 
6,642 
6,293 

fs
,978l ,174 
,230 

~3,050~ 5,160 
6,180 

~4,45~ 6,23 
4,988 

760 
(4,156) 
(5,888) 

~4,314~ 5,606 
4,551 

~;5,451\ 4,08\~ 
3,788 

1 ,370 3,363 (5,499} 



Table A1-9. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 1 

OW diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 15 0 0 0 0 0 
50 0 0 13 15 30 49 0 0 0 
60 0 25 13 15 31 49 0 0 0 
70 53 25 13 222 31 49 0 0 0 
80 1,020 906 384 1,065 31 49 76 99 0 
90 3,019 4,000 1,744 3,326 2,465 76 76 99 37 

100 3,871 4,000 3,871 3,871 4,000 3,871 192 297 118 
Mean 641 698 502 691 438 216 24 29 12 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 (0) 0 0 (0) (0) 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 14 56 7 0 0 
30 0 0 0 61 174 218 151 110 86 
40 0 0 2 236 233 232 196 148 131 
50 0 0 148 238 236 235 229 176 155 
60 0 196 225 238 238 238 234 209 185 
70 39 238 238 238 238 238 234 227 194 
80 201 238 238 238 238 238 238 232 225 
90 238 238 238 238 238 238 238 238 233 

100 238 238 238 238 238 238 238 238 238 
Mean 65 105 122 162 175 181 167 148 135 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 411 0 
80 0 0 0 0 0 0 616 480 136 
90 0 0 352 0 0 0 768 827 586 

100 0 515 3,335 2,708 4,000 2,691 1,332 1,843 2,822 
Mean 0 12 215 39 174 78 204 259 130 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,075 4,123 2,842 2,455 1,145 

10 5,115 5,373 7,351 9,055 6,407 4,723 3,810 3,327 5,500 
20 6,844 6,628 8,569 11,036 7,754 6,095 4,662 3,956 5,568 
30 7,982 7,360 10,426 11,372 9,746 8,217 4,975 4,464 5,804 
40 8,490 8,371 11,114 11,428 11,320 10,191 5,753 5,424 6,202 
50 9,045 10,658 11,281 11,562 11,663 11,268 6,573 6,064 6,595 
60 9,700 11,280 11,315 11,732 12,097 11,340 7,380 6,581 6,968 
70 11,280 11,280 11,399 11,849 12,506 11,461 8.428 7,882 7,148 
80 11,280 11,280 11,472 12,266 12,700 11,499 9,203 9,437 8,756 
90 11,280 11,280 11,658 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11,280 11,280 
Mean 8,958 9,113 10,343 11,247 10,664 9,506 6,886 6,484 7,125 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

85 0 0 
86 0 0 
86 0 0 
86 67 734 

130 115 4,000 
43 10 379 

Jul Aug S~j:~_ 
(0 (0) (0) 
(0 (0) (0) 
0 0 0 
0 0 0 
5 0 0 

34 0 0 
88 0 0 

138 0 0 
161 6 0 
183 80 164 
238 238 238 
75 23 26 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 433 0 

1,141 987 0 
2,614 1,888 0 
3,291 2,679 1,195 
3,741 3,755 3,379 

910 796 304 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
6,208 3,607 3,617 
7,611 4,790 5,966 

10,052 5,143 6,100 
11,280 6,824 6,405 
11,280 8,279 6,626 
11,280 9,116 7,589 
11,280 10,296 9,087 
11,280 11,280 10,268 
11,280 11,280 11,280 
11,280 11,280 11,280 
9,902 7,694 7,472 



Water 
Year.· Oct Nav Dec 

1922 0 0 1,744 
1923 3,871 25 13 
1924 0 0 0 
1925 0 0 0 
1926 0 0 0 
1927 0 4,000 13 
1928 0 4,000 13 
1929 0 0 0 
1930 0 0 0 
1931 0 0 0 
1932 0 0 863 
1933 0 0 0 
1934 0 0 0 
1935 0 0 0 
1936 0 0 0 
1937 0 0 0 
1938 0 4,000 13 
1939 1,263 25 13 
1940 0 0 0 
1941 0 0 3,871 
1942 3,871 25 13 
1943 3,871 25 13 
1944 0 0 0 
1945 0 0 1,686 
1946 0 3,606 394 
1947 0 0 0 
1948 0 0 0 
1949 0 0 0 
1950 0 0 0 
1951 0 4,000 13 
1952 0 1,196 2,726 
1953 53 25 13 
1954 3,262 654 0 
1955 0 103 3,784 
1956 0 0 3,871 
1957 3,726 0 0 
1958 2,610 1,328 13 
1959 195 25 0 
1960 0 0 41 
1961 0 0 0 
1962 0 0 0 
1963 3,871 25 13 
1964 1,710 2,258 0 
1965 0 0 3,871 
1966 631 3,373 13 
1967 0 0 3,871 
1968 170 25 13 
1969 0 0 3,871 
1970 53 25 13 
1971 0 4,000 13 
1972 2,451 0 1,627 
1973 0 4,000 13 
1974 0 4,000 13 
1975 1,020 25 13 
1976 3,213 25 (j' 

19n 0 0 0 
1978 0 0 0 
1979 3,019 193 0 
1980 0 2,939 1,040 
1981 2,867 0 1,198 
1982 0 4,000 13 
1983 53 25 13 
1984 53 25 13 
1985 3,019 906 13 
1986 0 0 384 
1987 0 0 0 
1988 0 0 41 
1989 0 0 0 
1990 0 0 0 
1991 0 0 0 

Average 641 698 502 

Table A1-10a. DeltaSOS-Simulated DW Operations 
for Alternative 2: DW Diversions to Storage (cfs) 

·, · ... 

·Jan Feb ·Mar Apl 'May Jun ··, ··Jul 

2,047 135 49 0 172 118 0 
15 0 0 0 0 0 86 
55 0 0 0 0 0 0 

0 4,000 0 0 0 0 86 
869 3,354 0 0 0 0 85 
161 31 49 76 0 0 0 

15 0 657 0 0 0 86 
0 0 0 0 0 0 0 

3,871 0 179 0 0 0 0 
0 0 0 0 0 0 0 

1,593 0 0 0 0 0 0 
0 0 0 0 0 0 0 

2,005 0 0 0 0 0 0 
3,871 0 0 1,869 0 0 86 
3,871 30 49 0 0 0 86 

0 4,000 307 0 0 0 0 
15 31 49 76 99 118 0 

0 0 0 0 0 0 86 
3,871 30 49 76 0 0 85 

15 31 49 76 99 0 0 
15 31 0 269 99 0 0 
15 31 49 76 0 0 0 
0 742 0 0 0 0 86 
0 2,465 49 0 0 0 0 

15 0 0 0 0 0 86 
0 0 0 0 0 0 85 
0 0 0 0 297 0 85 
0 0 3,871 0 0 0 0 

3,326 634 0 0 0 0 87 
15 31 49 0 0 0 85 
48 30 49 76 99 118 0 
15 0 0 0 0 0 0 

645 31 49 76 0 0 87 
100 0 0 0 0 0 86 

15 30 49 0 312 0 0 
0 3,132 1,091 0 0 0 86 

15 31 49 76 99 118 0 
2,852 31 0 0 0 0 85 

0 2,520 0 0 0 0 86 
0 3,684 0 0 0 0 85 
0 4,000 0 0 0 0 86 

87 31 49 76 99 0 0 
1,059 0 0 0 0 0 86 

15 31 0 3,125 0 0 86 
15 0 0 0 0 0 86 
15 31 49 76 99 118 130 
15 30 49 0 0 0 85 
15 31 49 76 99 118 0 
15 31 49 0 0 0 87 
15 0 2,408 0 223 0 85 
90 0 1,020 0 0 0 86 

103 31 49 0 0 0 0 
15 31 49 76 0 0 0 
15 31 49 0 172 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

3,871 31 49 76 0 0 0 
3,871 31 49 0 0 0 0 

20 30 49 0 0 0 0 
15 0 696 0 0 0 86 

138 31 49 76 99 37 0 
15 31 49 76 99 118 130 
15 30 49 0 0 0 0 
0 0 0 0 0 0 86 

2,491 1,149 49 76 0 0 0 
0 0 1,106 0 0 0 85 

3,845 0 0 0 0 0 0 
0 0 3,769 0 0 0 86 

990 0 0 0 0 0 0 
0 0 64 0 0 0 0 

658 438 236 92 31 12 43 

Total 
Aug Sep (TAF) 

0 0 257 
67 0 246 

0 0 3 
0 0 246 
0 0 260 
0 0 261 
0 0 287 
0 0 0 
0 0 244 
0 0 0 
0 0 148 
0 0 0 
0 0 121 
0 0 351 
0 0 243 
0 0 259 
0 2,749 431 
0 0 84 
0 0 248 
0 0 249 
0 0 260 
0 0 246 
0 0 50 
0 0 253 
0 0 247 

67 0 9 
67 0 27 

0 0 233 
68 0 248 

0 0 253 
0 4,000 503 
0 0 6 
0 0 289 

66 0 249 
0 204 270 

67 0 488 
0 3,853 493 
0 0 192 
0 0 159 
0 0 227 
0 0 246 
0 0 256 

68 0 312 
0 0 429 
0 0 248 
0 3,879 498 
0 0 23 
0 4,000 497 
0 0 16 
0 0 406 

66 0 322 
0 0 253 
0 3,000 433 
0 734 124 
0 0 195 
0 0 0 
0 0 243 
0 0 432 
0 0 246 
0 0 293 
0 4,000 509 

115 87 49 
0 0 11 
0 0 242 
0 0 250 
0 0 72 
0 0 234 

67 0 236 
0 0 60 
0 0 4 

10 379 225 



Water 
Year Oct Nov Dec 

1922 0 0 0 
1923 0 0 0 
1924 0 0 0 
1925 0 0 0 
1926 0 0 0 
1927 0 0 146 
1928 0 0 0 
1929 0 0 0 
1930 0 0 0 
1931 0 0 0 
1932 0 0 0 
1933 0 0 0 
1934 0 0 0 
1935 0 0 0 
1936 0 0 0 
1937 0 0 0 
1938 0 0 0 
1939 0 0 0 
1940 0 0 0 
1941 0 0 0 
1942 0 0 0 
1943 0 0 0 
1944 0 0 0 
1945 0 0 0 
1946 0 0 0 
1947 0 0 0 
1948 0 0 0 
1949 0 0 0 
1950 0 0 0 
1951 0 0 0 
1952 0 0 34 
1953 0 0 0 
1954 0 0 617 
1955 0 0 86 
1956 0 0 0 
1957 0 515 3,335 
1958 0 0 0 
1959 0 0 2,824 
1960 0 0 0 
1961 0 0 0 
1962 0 0 0 
1963 0 0 73 
1964 0 0 1,031 
1965 0 0 0 
1966 0 0 0 
1967 0 0 0 
1968 0 0 0 
1969 0 o· 0 
1970 0 0 0 
1971 0 0 0 
1972 0 176 75 
1973 0 0 89 
1974 0 0 0 
1975 0 0 0 
1976 0 0 - 715 
1977 0 0 0 
1978 0 0 0 
1979 0 0 3,169 
1980 0 0 5 
1981 0 162 0 
1982 0 0 123 
1983 0 0 0 
1984 0 0 0 
1985 0 0 0 
1986 0 0 0 
1987 0 0 0 
1988 0 0 0 
1989 0 0 0 
1990 0 0 0 
1991 0 0 0 

Average 0 12 176 

Table A~-lOb. DeltaSOS-Simulated DW Operations 
for Alternative 2: DW Discharge to Export Wheeling (cfs) 

. 

Jan Feb Mar Apr ··May Juri Jul 

0 0 0 0 0 0 3,741 
0 4,000 181 0 0 0 0 
0 30 0 0 0 0 0 
0 0 3,319 0 0 0 0 
0 0 3,822 0 0 0 0 
0 0 0 0 0 3,780 0 
0 621 0 0 383 3,308 0 
0 0 0 0 0 0 0 
0 4,000 181 110 0 0 0 
0 0 0 0 0 0 0 
0 2,263 248 0 0 0 0 
0 0 0 0 0 0 0 
0 2,189 0 0 0 0 0 
0 4,000 181 0 734 891 0 
0 0 0 0 407 3,283 0 
0 0 0 0 2,456 1,166 0 
0 0 0 0 0 0 3,741 

800 3,353 0 0 0 0 0 
0 0 0 0 457 3,308 0 
0 0 0 0 0 2,832 886 
0 0 139 0 0 0 3,627 
0 0 0 0 1,502 2,228 0 
0 0 646 0 0 0 0 
0 0 0 555 693 0 2,105 
0 4,000 181 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 114 0 
0 0 0 0 945 2,727 0 
0 0 2,636 0 396 0 0 
0 0 0 167 0 3,537 0 
0 0 0 0 0 0 2,749 
0 1,202 2,568 0 0 0 0 
0 0 0 0 354 3,414 0 
0 2,166 1,838 0 0 0 0 
0 0 0 144 0 0 2,727 
0 0 0 562 0 3,142 0 
0 0 0 0 0 0 3,741 
0 0 3,822 0 0 0 0 

26 0 2,309 0 0 0 0 
0 0 3,278 0 0 0 0 
0 0 1,089 1,053 386 810 0 
0 0 0 0 0 2,114 1,141 
0 4,000 52 0 0 0 0 
0 0 2,902 0 677 3,080 0 
0 911 742 0 949 0 0 
0 0 0 0 0 0 0 
0 0 0 414 880 0 0 
0 0 0 0 0 0 3,741 
0 0 0 540 664 0 0 
0 2,581 0 52 0 0 0 
0 1,661 0 407 312 0 0 
0 0 0 0 o· 3,424 92 
0 0 0 0 0 2,416 1,190 
0 0 0 0 0 841 1,533 

2,721 406 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 67 3,711 0 
0 0 0 0 0 3,112 443 
0 0 0 556 1,548 1,549 0 
0 686 0 439 880 0 0 
0 0 0 0 0 0 2,614 
0 0 0 0 0 0 0 
0 0 0 139 536 0 697 

183 3,530 408 0 0 0 0 
0 0 0 0 3,771 0 0 
0 0 0 563 266 0 0 

26 4,000 26 0 0 0 0 
0 0 0 0 537 0 0 
0 1,065 0 0 0 0 0 
0 0 0 0 0 0 0 

54 667 437 81 283 783 497 

..,., .. ... Total 
Aug Sep (TAF) 

0 0 225 
0 0 252 
0 0 2 
0 0 200 
0 0 230 
0 0 237 
0 0 260 
0 0 0 
0 0 259 
0 0 0 
0 0 151 
0 0 0 
0 0 132 
0 0 350 
0 0 222 
0 0 218 
0 0 225 
0 0 250 
0 0 227 
0 0 224 
0 0 227 
0 0 225 
0 0 39 
4 0 202 
0 0 252 
0 0 0 
0 0 7 
0 0 221 
0 340 203 
0 0 223 

876 0 220 
0 0 227 
0 0 264 
0 0 246 

784 0 220 
0 0 455 
0 0 225 
0 0 400 
0 0 141 
0 0 198 
0 0 201 

324 0 220 
0 0 306 
0 0 401 

592 164 202 
3,755 0 226 
2,144 0 207 

0 0 225 
2,239 0 207 
3,596 0 375 

0 2,161 289 
0 0 217 
0 0 217 

1,165 0 213 
0 0 231 
0 0 0 
0 0 228 
0 0 405 
0 0 220 

2,120 0 258 
933 0 221 

0 0 0 
1,972 0 201 

0 0 248 
0 0 227 
0 0 50 
0 0 244 
0 2,861 205 
0 0 64 
0 0 0 

293 79 202 



Water 
Year Oct Nov 

1922 0 0 
1923 238 238 
1924 0 0 
1925 0 0 
1926 0 0 
1927 0 238 
1928 0 238 
1929 0 0 
1930 0 0 
1931 0 0 
1932 0 0 
1933 0 0 
1934 0 0 
1935 0 0 
1936 0 0 
1937 0 0 
1938 0 238 
1939 238 238 
1940 0 0 
1941 0 0 
1942 238 238 
1943 238 238 
1944 0 0 
1945 0 0 
1946 0 215 
1947 0 0 
1948 0 0 
1949 0 0 
1950 0 0 
1951 0 238 
1952 0 71 
1953 238 238 
1954 201 238 
1955 0 6 
1956 0 0 
1957 238 206 
1958 160 238 
1959 238 238 
1960 0 0 
1961 0 0 
1962 0 0 
1963 238 238 
1964 105 238 
1965 0 0 
1966 39 238 
1967 0 0 
1968 238 238 
1969 0 0 
1970 238 238 
1971 0 238 
1972 151 139 
1973 0 238 
1974 0 238 
1975 238 238 
1976 238 238 -
19n 0 0 
1978 0 0 
1979 186 196 
1980 0 175 
1981 176 165 
1982 0 238 
1983 238 238 
1984 238 238 
1985 186 238 
1986 0 0 
1987 0 0 
1988 0 0 
1989 0 0 
1990 0 0 
1991 0 0 

Average 65 105 

Table A'-10c. DeltaSOS-Sinmlated DW Operations 
for Alternative 2: DW End-of-Month Storage (TAF) 

Dec Jan Feb Mar Apr May Jun 

107 232 238 238 234 238 238 
238 238 14 0 0 0 0 

0 3 (0) 0 0 0 0 
0 0 222 15 11 4 0 
0 53 238 (0) 0 0 0 

229 238 238 238 238 232 0 
238 238 201 238 234 204 (0) 

0 0 0 0 0 0 0 
0 238 14 11 0 0 0 
0 0 0 0 0 0 0 

53 150 18 0 0 0 0 
0 0 0 0 0 0 0 
0 123 0 0 0 0 0 
0 238 14 0 111 60 (0) 
0 238 238 238 234 202 (0) 
0 0 222 238 234 76 (0) 

238 238 238 238 238 238 238 
238 188 0 0 0 0 0 

0 238 238 238 238 204 0 
238 238 238 238 238 238 62 
238 238 238 226 238 238 231 
238 238 238 238 238 140 0 

0 0 43 0 0 0 0 
104 103 238 238 200 152 145 
238 238 14 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 18 4 
0 0 0 238 234 169 (0) 
0 205 238 73 68 38 31 

238 238 238 238 224 217 0 
236 238 238 238 238 238 238 
238 238 170 9 4 0 0 
199 238 238 238 238 210 0 
233 238 116 0 0 0 0 
238 238 238 238 225 238 231 

0 0 174 238 200 194 0 
238 238 238 238 238 238 238 
64 238 238 (0) 0 0 0 

2 (0) 145 (0) 0 0 0 
0 0 205 (0) 0 0 0 
0 0 222 152 85 55 (0) 

234 238 238 238 238 238 105 
174 238 6 0 0 0 0 
238 238 238 57 238 190 (0) 
238 238 186 137 133 68 61 
238 238 238 238 238 238 238 
238 238 238 238 209 149 142 
238 238 238 238 238 238 238 
238 238 238 238 201 154 147 
238 238 93 238 230 238 231 
233 238 141 200 172 147 140 
233 238 238 238 234 227 17 
238 238 238 238 238 232 81 
238 238 238 238 234 238 181 
193 25 (0) 0 0 0 0 

0 0 0 0 0 0 0 
0 238 238 238 238 228 (0) 
0 238 238 238 234 227 35 

238 238 238 238 200 99 (0) 
238 238 198 238 207 147 140 
230 238 238 238 238 238 233 
238 238 238 238 238 238 238 
238 238 238 238 225 186 179 
238 226 28 (0) 0 0 0 

24 176 238 238 238 0 0 
0 0 0 68 30 8 1 
2 236 5 0 0 0 0 
0 0 0 232 227 188 181 
0 61 (0) 0 0 0 0 
0 0 0 4 0 0 0 

125 161 147 133 130 111 61 

Jul Aug Sep 

0 0 0 
5 4 0 
0 0 0 
5 0 0 
5 0 0 
0 0 0 
5 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
5 0 0 
5 0 0 
0 0 0 
0 0 164 
5 0 0 
5 0 0 

(0) 0 0 
(0) 0 0 
0 0 0 
5 0 0 
7 (0) 0 
5 0 0 
5 4 0 
5 4 0 
0 0 0 

28 25 0 
5 0 0 

61 0 238 
0 0 0 
5 0 0 
5 4 0 

55 (0) 12 
5 4 0 
0 0 229 
5 0 0 
5 0 0 
5 0 0 
5 0 0 

27 (0) 0 
5 4 0 
5 0 0 

58 15 (0) 
238 0 231 
139 (0) 0 

0 0 238 
145 0 0 
228 (0) 0 
137 134 (0) 

3 0 0 
(0) 0 179 
79 (0) 44 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

137 (0) 0 
64 (0) 238 

238 238 238 
128 0 0 

5 0 0 
0 0 0 
5 0 0 
0 0 0 

178 175 0 
0 0 0 
0 0 0 

30 9 26 



Water 
Year 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Avereae 

Sac SJR 
Basin • easin 
Year .. ' Year 
Type Type 

2 
3 
5 
4 
4 
1 
2 
5 
4 
5 
4 
5 
5 
3 
3 
3 
1 
4 
2 
1 
1 
1 
4 
3 
3 
4 
3 
4 
3 
2 
1 
1 
2 
4 
1 
2 
1 
3 
4 
4 
3 
1 
4 
1 
3 
1 
3 
1 
1 
1 
3 
2 
1 
1 
5 
5 
2 
3 
2 
4 
1 
1 
1 
4 
1 
4 
5 
4 
5 
5 

1 
2 
5 
3 
4 
2 
3 
5 
5 
5 
2 
4 
5 
2 
2 
1 
1 
4 
2 
1 
1 
1 
3 
2 
2 
4 
3 
3 
3 
2 
1 
3 
3 
4 
1 
3 
1 
4 
5 
5 
3 
2 
4 
1 
3 
1 
4 
1 
2 
3 
4 
2 
1 
1 
5 
5 
1 
2 
1 
4 
1 
1 
2 
4 
1 
5 
5 
5 
5 
5 

Table A1-11. DeltaSOS Mean Annual Simulation Output 
for Alternative 2 

0 15,237 
0 14,489 
0 8,586 
0 12,064 
0 11,614 
0 19,015 
0 18,455 
0 8,696 
0 10,768 
0 6,775 
0 8,618 
0 7,535 
0 8,173 
0 12,496 
0 13,335 
0 12,426 
0 28,179 
0 10,712 
0 17,638 
0 23,780 
0 25,353 
0 20,972 
0 11,388 
0 12,566 
0 16,177 
0 10,949 
0 13,098 
0 11,993 
0 12,811 
0 21,672 
0 . 28,323 
0 18,839 
0 19,873 
0 11,447 
0 21,768 
0 15,092 
0 26,266 
0 14,716 
0 11,339 
0 11,459 
0 12,372 
0 20,611 
0 12,397 
0 19,519 
0 13,901 
0 22,181 
0 15,971 
0 23,660 
0 21,543 
0 20,939 
0 13,210 
0 19,810 
0 29,264 
0 20,440 
0 10,456 
0 6,824 
0 16,859 

""() 13,993 
0 18,292 
0 13,093 
0 29,591 
0 35,577 
0 23,213 
0 13,038 
0 18,958 
0 10,952 
0 9,416 
0 11,782 
0 8,675 
0 8,612 

0 15,998 

1,682 
1,663 

820 
1,213 
1,107 
1,663 
1,295 

820 
816 
790 

1,244 
1,004 

820 
1,477 
1,585 
1,682 
1,759 
1,004 
1,585 
1,759 
1,759 
1,759 
1,140 
1,507 
1,585 
1,056 
1,140 
1,140 
1,192 
1,663 
1,759 
1,295 
1,295 
1,056 
1,759 
1,244 
1,759 
1,159 

846 
842 

1,110 
1,585 
1,056 
1,759 
1,244 
1,759 
1,211 
1,759 
1,585 
1,295 
1,107 
1,663 
1,759 
1,682 

820 
790 

1,729 
1,585 
1,759 
1,159 
1,759 
1,759 
1,585 
1,107 
1,682 

846 
790 
842 
790 
816 

1,331 

0 
73 

4 
29 

0 
71 
30 

2 
28 

2 
0 
0 
4 
0 

80 
56 

0 
0 

78 
0 
0 

78 
45 
77 
74 
50 

3 
49 

0 
80 

0 
0 

29 
9 
0 

27 
1 

69 
30 
40 
45 

0 
36 
80 
49 

0 
49 

0 
74 

0 
0 

78 
2 
0 
9 
0 
0 

78 
0 

49 
3 
0 

74 
50 

0 
16 

6 
31 

4 
37 

3,037 
2,564 
1,264 
1,491 
1,511 
1,963 
1,736 
1,306 
1,168 
1,257 
1,655 
1,388 
1,205 
2,051 
2,221 
2,860 
5,428 
1,695 
1,973 
3,677 
2,986 
3,229 
1,688 
2,321 
2,146 
1,607 
1,421 
1,472 
1,532 
2,663 
3,023 
1,965 
1,601 
1,374 
3,270 
1,812 
3,397 
1,800 
1,247 
1,179 
1,530 
1,934 
1,394 
2.404 
2,011 
3,304 
1,709 
5,442 
3,357 
1,732 
1,515 
2,252 
2,240 
2,310 
1,169 
1,016 
2,267 
2,378 
4,818 
1,962 
5,389 

15,726 
6,524 
1,909 
4,814 
1,661 
1,020 
1,036 

944 
995 

4,804 
4,395 
2,261 
3,509 
3,338 
6,229 
6,051 
2,314 
3,052 
1,651 
2,274 
1,931 
2,172 
3,700 
3,996 
3,671 
9,982 
3,007 
5,687 
8,157 
8,822 
6,984 
3,253 
3,714 
5,102 
3,089 
3,868 
3,503 
3,774 
7,244 
9,970 
6,162 
6,490 
3,263 
7,335 
4,642 
9,182 
4,523 
3,228 
3,280 
3,632 
6,877 
3,615 
6,453 
4,172 
7,439 
5,020 
8,066 
7,316 
6,908 
3,920 
6,529 

10,392 
6,784 
2,943 
1,703 
5,405 
4,235 
6,032 
3,885 

10,473 
12,980 

7,985 
3,861 
6,463 
3,102 
2,563 
3,442 
2,288 
2,286 

27 2,428 5,091 

0 
0 

32 
0 
0 
0 
0 

42 
0 

91 
0 

97 
66 
29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

36 
31 

0 
0 
0 
0 
0 
0 
0 
0 
0 

38 
31 
52 
29 

949 
1,567 
1,115 
1,438 
1,419 
1,355 
1,477 
1,147 
1,269 

875 
1,142 

908 
916 

1,301 
1,365 
1,290 
1,057 
1,498 
1,469 
1,370 
1,151 
1,426 
1,423 
1,386 
1,435 
1,438 
1,630 
1,421 
1,525 
1,526 
1,183 
1,240 
1,575 
1,488 
1,499 
1,623 
1,243 
1,536 
1,455 
1,434 
1,418 
1,184 
1,540 
1,378 
1,502 
1,144 
1,525 
1,543 
1,506 
1,583 
1,524 
1,487 
1,580 
1,674 
1,324 

821 
1,187 
1,449 
1,267 
1,436 
1,562 
1,050 
1,190 
1,485 
1,300 
1,383 
1,161 
1,324 
1,143 
1,072 

8 1,347 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: 1 =wet, 2=above normal, 3=below normal, 4=dry, S =critically dry 
Negative values shown in parentheses. 

3,631 
4,039 
2,902 
3,630 
3,554 
4,501 
4,542 
2,939 
3,310 
2,453 
2,924 
2,579 
2,658 
3,554 
3,727 
3,547 
5,533 
3,498 
4,408 
5,188 
5,211 
4,820 
3,528 
3,653 
4,178 
3,480 
3,917 
3,616 
3,793 
5,004 
5,647 
4,362 
4,778 
3,587 
5,011 
4,175 
5,417 
4,064 
3,546 
3,545 
3,656 
4,566 
3,756 
4,592 
3,913 
4,729 
4,226 
5,297 
5,006 
4,932 
3,842 
4,717 
6,144 
4,962 
3,307 
2,391 
4,063 
3,884 
4,358 
3,756 
6,157 
6,551 
4,958 
3,790 
4,534 
3,437 
3,048 
3,490 
2,939 
2,863 

4,090 

11,586 
10,425 
5,437 
9,040 
8,157 

17,527 
14,653 
5,573 
7,368 
4,103 
5,630 
4,753 
5,386 
9,935 

10,821 
8,936 

31,093 
6,983 

17,640 
27,629 
25,051 
17,571 

7,790 
9,005 

13,192 
7,285 
8,948 
8,292 
8,851 

18,363 
24,889 
16,711 
15,551 

7,775 
24,852 
11,044 
29,612 
10,754 

7,825 
7,844 
9,182 

18,800 
8,495 

19,247 
10,033 
19,913 
12,181 
23,945 
24,373 
16,920 
9,253 

18,433 
30,030 
16,153 

6,917 
4,233 

15,113 
10,011 
19,356 

9,162 
30,065 
42,561 
22,157 

9,191 
23,167 

7,300 
6,236 
8,090 
5,561 
5,552 

13,793 

824 
465 

(1 ,130) 
(667) 

(1 ,037) 
212 

(275) 

(88~ (1 ,021 
(28 
308 

(326) 
(423) 
(372) 
136 
804 

5,905 
(510) 
100 

2,950 
2,793 
3,269 

(1 '164) 
(244) 

(65) 
(1 ,585) 

~1 ,430~. 1,039 
1,161 
1,957 
2,963 

767 
(526) 

(1 ,416) 
2,374 

(740) 
3,022 

112 
(1 ,648) 
(1 ,714~ 

(951 
(18 

(1 ,369) 
758 

(959) 
1,947 

706 
5,690 
3,752 

(185) 
(1,549) 

995 
2,138 

919 
(1 ,263) 

(428) 
2,171 

355 
4,240 

(436) 
6,953 

21,590 
8,228 

(591) 
4,991 

(1 ,270) 
(961) 

(1. ~i309~~ 812 
564 

887 



Table A1-11. Continued 

..••••. Reduced. . · .Initial .·.··Initial ·. Requlied ~eviSeCI • Reduced·.. •.. ·· fled~~:ecl > N4rt .• ·•.• . Adju~ · ReVised ··•· REWised ·• 
ExporUoi Ceilliiisville · Chipps .. · D~!lta ) ~ontei; .• Export for • Export Export ·· Export • · T9Uil / > QWEST .·• CollinsVille 

Water... QWEST~ ol.ltrtow ··. Outflow Outflow • Aow Outflow·· Umlts•• forumlt:s Chang~ •• Export< floW } ••·.outtrow·· 
Year> 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Aver~ge 

(TA(;) ··• ···• · (TAF) (TA(;) ·• .·.•. ('fAF)< • (TAF) •• (TAF) (T'AF) . (l"AF) · ••• (TAF) ·· (TAf1) • . CI"AF} ···•• • ·.•. (TAIF) •·· 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

12,321 
10,803 

4,180 
8,292 
7,022 

17,655 
14,277 
4,573 
6,245 
3,702 
5,849 
4,313 
4,853 
9,477 

10,877 
9,666 

36,940 
6,353 

17,676 
30,529 
27,769 
20,751 
6,521 
8,664 

13,020 
5,583 
7,409 
7,142 
7,579 

20,237 
27,785 
17,375 
14,909 
6,255 

27,158 
10,196 
32,590 
10,755 
6,062 
6,020 
8,134 

18,707 
7,008 

19,912 
8,964 

21,799 
12,778 
29,568 
28,036 
16,639 
7,581 

19,377 
32,083 
16,975 

5,528 
3,682 

17,228 
10,275 
23,524 
8,612 

36,973 
64,141 
30,285 

8,501 
28,103 
5,913 
5,167 
6,669 
4,640 
4,878 

14,587 

11,391 
9,917 
3,375 
7,430 
6,175 

16,686 
13,355 
3,760 
5,414 
2,901 
5,019 
3,503 
4,038 
8,584 
9,993 
8,791 

35,736 
5,520 

16,697 
29,403 
26,688 
19,767 
5,686 
7,806 

12,120 
4,756 
6,543 
6,299 
6,725 

19,264 
26,665 
16,419 
13,968 
5,422 

26,099 
9,315 

31,417 
9,880 
5,230 
5,189 
7,281 

17,694 
6,169 

18,920 
8,102 

20,750 
11,884 
28,445 
26,997 
15,687 
6,735 

18,410 
30,958 
16,015 

4,706 
2,882 

16..266 
9,397 

22,522 
7,757 

35,733 
62,588 
29,222 
7,647 

27,051 
5,083 
4,349 
5,825 
3,825 
4,062 

13,656 

6,103 
5,833 
4,063 
5,195 
5,006 
6,980 
6,665 
4,418 
5,052 
3,657 
5,190 
4,050 
4,532 
6,455 
6,248 
5,287 
8,125 
4,357 
7,246 
7,010 
6,671 
7,309 
4,952 
5,277 
6,279 
5,072 
5,487 
4,921 
5,599 
6,326 
7,985 
6,080 
7,021 
5,051 
6,221 
5,661 
7,267 
5,294 
5,203 
5,097 
5,063 
7,329 
5,143 
6,670 
5,602 
7,553 
5,557 
7,967 
5,637 
7,094 
5,409 
6,821 
6,944 
6,627 
4,416 
3,657 
7,933 
5,844 
6,568 
5,109 
7,099 
6,197 
5,676 
5,068 
6,155 
4,819 
4,505 
4,816· 
4,506 
4,088 

5,802 

930 
886 
805 
862 
847 
970 
922 
813 
832 
800 
831 
810 
815 
893 
883 
874 

1,204 
833 
979 

1,125 
1,082 

984 
835 
858 
900 
827 
866 
843 
854 
972 

1,120 
956 
940 
834 

1,058 
880 

1,173 
875 
832 
831 
853 

1,013 
839 
991 
862 

1,049 
894 

1,123 
1,039 

952 
846 
966 

1,126 
960 
821 
800 
962 
878 

1,002 
855 

1,240 
1,553 
1,063 

854 
1,052 

829 
818 
844 
814 
816 

931 

1 
0 
3 
3 
3 
1 
1 
3 
3 
3 
1 
3 
3 
3 
3 
3 
1 
0 
3 
1 
0 
0 
3 
1 
1 
3 
3 
3 
3 
0 
1 
0 
1 
0 
1 
2 
0 
0 
3 
3 
3 
0 
1 
1 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 
3 
3 
1 
1 
0 
1 
0 
0 
0 
1 
2 
3 
2 
3 
3 

8,364 
9,521 
5,401 
7,312 
6,923 

10,720 
10,032 
5,435 
6,182 
4,306 
5,625 
4,694 
4,803 
7,413 
8,419 
7,752 

18,482 
6,865 

10,409 
16,412 
16,125 
13,363 
6,788 
7,966 

11,239 
6,751 
7,141 
6,947 
7,295 

14,970 
15,787 
12,676 
10,339 
7,346 

17,795 
8,552 

16,086 
8,800 
6,803 
6,750 
7,528 

11,162 
7,804 

14,496 
8,613 

13,108 
9,256 

16,813 
18,655 
12,449 
7,849 

12,919 
19,746 
10,903 

6,343 
4,264 

10,117 
8,242 

14,443 
7,849 

20,240 
31,346 
20,548 

8,383 
14,333 
6,602 
5,648 
6,313 
5,037 
4,808 

10,292 

13 
4 
2 
8 

11 
6 
6 
0 
9 
0 
6 
0 
2 
3 

25 
44 

6 
1 

27 
14 
0 
0 
9 
4 
6 
1 
1 

16 
11 
11 

5 
0 
0 
7 
5 
1 
6 
0 

11 
8 
9 
6 
1 
6 
4 
6 
0 
6 
0 
6 
4 

13 
3 
0 
0 
0 
0 
0 

19 
0 
6 
0 
0 
4 

46 
0 
5 

17 
2 
4 

7 

204 
294 

16 
68 
13 

376 
419 

19 
5 

14 
149 

18 
20 
67 
31 
23 

996 
705 

47 
394 

1,291 
1,172 

67 
332 

26 
6 

62 
29 
29 

364 
614 

1,508 
663 

63 
304 
483 
596 
942 

(1) 
1 
2 

487 
61 
97 

404 
762 

1,773 
883 

1,757 
161 
330 
324 
615 

1 '111 
96 
24 

1,221 
693 
711 
901 
515 

2,964 
2,502 

317 
227 
47 
10 
22 
12 
16 

450 

6,389 
6,485 
4,558 
5,803 
5,746 
6,618 
6,746 
4,583 
5,014 
3,341 
4,296 
3,696 
3,757 
5,992 
6,184 
5,902 
7,223 
5,793 
6,467 
6,669 
7,240 
6,730 
5,995 
6,466 
6,316 
6,039 
6,363 
5,720 
6,180 
7,129 
7,541 
6,812 
7,036 
6,079 
7,128 
6,769 
7,642 
6,118 
5,855 
5,m 
5,798 
7,138 
5,975 
6,748 
6,807 
7,627 
6,556 
7,313 
6,789 
6,974 
6,673 
6,932 
7,444 
7,604 
5,095 
3,076 
5,728 
6,498 
6,384 
6,488 
7,781 
8,377 
7,078 
6,251 
6,495 
5,854 
4,456 
5,300 
4,077 
3,824 

6,162 

620 
171 

(1,146) 
(736) 

(1 ,050~ 

~=~ 
(906~ (1 ,026 
(301 
159 

~~~ 
(438) 
105 
781 

4,909 
(1 ,215) 

53 
2,557 
1,502 
2,097 

(1 ,231) 

(576~ (90 
(1 ,590 
(1 ,492~ 
(1,068 
(1 ,190 
1,593 
2,349 

(741) 
(1 ,189) 
(1 ,480) 
2,070 

(1 ,223) 
2,426 
(829) 

(1 ,648) 

(1,71~ 
(952 
(50 

(1 ,430) 
661 

(1 ,364) 
1,185 

(1 ,067) 
4,807 
1,995 
(346) 

(1 ,879) 
671 

1,523 
(192) 

(1 ,359) 
(452) 
950 

(338) 
3,529 

(1 ,337) 
6,438 

18,627 
5,725 

(908) 
4,764 

(1 ,317) 
(971) 

(1 ,331) 
(824) 
(581) 

437 

12,117 
10,509 

4,164 
8,223 
7,009 

17,280 
13,858 
4,553 
6,240 
3,688 
5,701 
4,295 
4,833 
9,411 

10,846 
9,643 

35,944 
5,648 

17,629 
30,135 
26,478 
19,579 
6,454 
8,332 

12,994 
5,578 
7,347 
7,113 
7,550 

19,873 
27,171 
15,867 
14,246 
6,192 

26,853 
9,712 

31,995 
9,813 
6,063 
6,018 
8,132 

18,220 
6,947 

19,814 
8,560 

21,037 
11,005 
28,685 
26,278 
16,478 
7,251 

19,053 
31,468 
15,864 
5,432 
3,658 

16,008 
9,582 

22,813 
7,711 

36,458 
61,177 
27,782 
8,184 

27,876 
5,866 
5,157 
6,647 
4,628 
4,862 

14,137 



Table A1-ll. Continued 

. · 
· Available. I .. .Delta ··oelta •• Delta .Final Fmal:::,, • .. :· final· 3;,-Mile Old RiVer 

=~ 
Old& 

far OW Delta. Storage .Storage Storage Total· OWESJ\:• · D.elta Slough ~i=~n Middle 
Watsr ··DiVersion •Storage· Diversion Export. OUtflow . Export•· , FlOW< •. OlitflOVI FJOW .Ffci\y ....... ·: •Flow: ''·' 
Year {TAF) .•.• (TAf) ....... · (TAF) (TAF) (TAF) .. (TAF). (fAF)< ... ·(TAF) (TAF) ..·. {TAF): . (TAf) (T"'F) 

1922 1,073 238 257 225 0 6,614 363 11,860 2,587 1,587 2,950 (5,526) 
1923 2,239 238 246 252 0 6,737 (75~ 10,263 2,454 1,369 2,379 ~5,862l 1924 3 3 3 2 0 4,559 (1 ,149 4,161 1,627 825 478 4,393 
1925 774 222 246 200 0 6,003 (982 7,977 2,415 852 1,433 (5,629 
1926 432 238 260 230 0 5,976 (1 ,309) 6,750 2,312 877 1,003 ~5,637) 
1927 2,854 238 261 237 0 6,854 ~424~ 17,019 4,219 1,038 3,794 6,29~ 
1928 2,473 238 287 260 0 7,006 981 13,571 3,723 996 2,742 (6,55 
1929 0 0 0 0 0 4,583 

(906l 
4,553 1,583 851 677 

t
338

l 
1930 281 238 244 259 0 5,273 (1,270 5,996 2,116 764 845 5,069 
1931 0 0 0 0 0 3,341 (301 3,688 1,051 831 750 3,120 
1932 148 150 148 151 0 4,447 11 5,553 1,309 943 1,320 

t,018l 1933 0 0 0 0 0 3,696 ~~~ 4,295 1,216 853 872 3,461 
1934 121 123 121 132 0 3,889 4,712 1,432 805 868 3,683 
1935 617 238 351 350 0 6,342 (789) 9,060 2,563 1,100 1,774 

rl 1936 1,433 238 243 222 0 6,407 (138) 10,603 2,566 1,192 2,428 5,678 
1937 934 238 259 218 0 6,120 522 9,383 1,920 1,494 2,442 5,071 
1938 8,837 238 431 225 0 7,448 4,478 35,514 5,845 3,087 10,323 4,735 
1939 552 238 84 250 0 6,043 (1,29~ 5,564 2,035 995 736 

r·674l 1940 2,660 238 248 227 0 6,694 (19 17,381 4,173 1,046 3,978 6,050 
1941 5,968 238 249 224 0 6,893 2,307 29,885 5,717 2,157 8,025 5,083 
1942 5,142 238 260 227 0 7,467 1,242 26,218 5,450 1,534 6,692 ~6,379~ 1943 4,700 238 246 225 0 6,955 1,851 19,334 3,516 1,611 5,367 5,841 
1944 50 43 50 39 0 6,034 (1 ,281) 6,405 2,217 984 936 5,612 
1945 880 238 253 202 0 6,668 ~~~ 8,079 2,359 1,254 1,530 ~5,948l 1946 2,353 238 247 252 0 6,568 12,747 3,181 1,139 2,843 6,003 
1947 9 5 9 0 0 6,039 (1 ,599) 5,568 2,199 958 600 (5,693 
1948 27 18 27 7 0 6,370 r .519~ 7,320 2,562 806 1,043 r·1~ 1949 449 238 233 221 0 5,942 1,301 6,880 2,341 842 1,040 5,689 
1950 327 238 248 203 0 6,383 1,438 7,302 2,514 866 1,076 6,106 
1951 5,187 238 253 223 0 7,352 1,341 19,621 3,860 1,430 5,201 

t396l 1952 6,016 238 503 220 0 7,761 1,846 26,669 5,223 1,548 7,070 6,623 
1953 2,567 238 6 227 0 7,039 (747) 15,861 4,130 1,084 3,382 6,511 
1954 2,577 238 289 264 0 7,300 ~1 ,479~ 13,956 4,089 908 2,610 

r~ 1955 709 238 249 246 0 6,326 1,729 5,943 2,354 844 625 ,03~ 1956 5,267 238 270 220 0 7,348 1,800 26,583 5,229 1,711 7,029 ,05 
1957 940 238 488 455 0 7,224 (1 ,711) 9,224 3,111 964 1,400 ,839 
1958 6,698 238 493 225 0 7,868 1,933 31,501 6,297 2,019 8,230 r-16~ 1959 1,811 238 192 400 0 6,518 ~1,02~ 9,621 2,827 997 1,806 6,113 
1960 159 145 159 141 0 5,996 1,80 5,903 2,390 802 583 5,794 
1961 227 205 227 198 0 5,974 ~1 ,942l 5,791 2,437 763 495 (5,798) 
1962 827 222 246 201 0 6,000 1,199 7,886 2,516 892 1,318 ~5,642~ 1963 3,055 238 256 220 0 7,358 (761 17,964 4,621 1,021 3,860 6,782 
1964 1,263 238 312 306 0 6,281 (1 ,743) 6,635 2,526 869 784 

t02m 1965 3,157 238 429 401 0 7,150 232 19,385 4,414 1,246 4,646 6,423 
1966 1,218 238 248 202 0 7,009 (1 ,612) 8,312 2,844 1,110 1,232 6,482 
1967 4,461 238 498 226 0 7,853 687 20,539 4,427 1,729 5,113 t51~ 1968 2,134 238 23 207 0 6,763 (1 ,090) 10,982 3,181 943 2,091 6,400 
1969 6,436 238 497 225 0 7,538 4,309 28,188 4,231 3,097 8,541 4,853 
1970 5,616 238 16 207 0 6,996 1,978 26,262 5,062 1,632 7,040 r·1 1971 3,002 238 406 375 0 7,349 (752~ 16,072 4,180 993 3,428 6,884 
1972 609 238 322 289 0 6,962 (2,201 6,929 2,847 902 646 6,696 
1973 4,138 238 253 217 0 7,149 418 18,800 4,166 1,204 4,584 6,292 
1974 6,244 238 433 217 0 7,661 1,091 31,036 6,658 1,154 7,749 g,989~ 1975 2,724 238 124 213 0 7,818 (316) 15,740 3,864 1,176 3,549 ,176 
1976 567 238 195 231 0 5,326 (1 ,554) 5,237 2,099 755 546 5,230) 
1977 0 0 0 0 0 3,076 (452) 3,658 1,128 676 676 

t,050l 1978 2,713 238 243 228 0 5,955 708 15,765 3,301 1,158 4,009 5,174 
1979 1,050 238- 432 405 0 6,903 (770) 9,150 2,575 1,220 1,805 6,192 
1980 5,331 238 246 220 0 6,605 3,283 22,567 3,483 2,567 6,766 

t470l 1981 782 238 293 258 0 6,747 (1 ,630) 7,418 2,647 1,068 1,017 6,278 
1982 8,660 238 509 221 0 8,002 5,930 35,949 5,150 3,355 11,080 4,974 
1983 21,447 238 49 0 0 8,377 18,578 61,128 4,099 9,324 22,677 760 
1984 8,815 238 11 201 0 7,280 5,714 27,771 3,374 3,669 9,088 ~4,15~ 1985 1,578 238 242 248 0 6,499 (1,150) 7,942 2,503 1,103 1,353 5,93 
1986 6,120 238 250 227 0 6,722 4,514 27,626 3,986 2,756 8,500 r·328~ 1987 72 68 72 50 0 5,904 ~1 ,389~ 5,794 2,137 919 748 5,598 
1988 417 237 234 244 0 4,700 1,205 4,923 1,831 685 626 

~~:~1~ 1989 236 232 236 205 0 5,504 (1,5~ 6,411 2,377 646 810 
1990 60 61 60 64 0 - 4,141 (884 4,568 1,573 633 690 4,099 
1991 4 4 4 0 0 3,824 (585 4,858 1,477 634 893 3,788 

Average 2,575 198 225 202 0 6,364 212 13,912 3,149 1,370 3,361 (5,514) 



Table A1-12. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 2 

OW diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 15 0 0 0 0 0 
50 0 0 13 15 30 49 0 0 0 
60 0 25 13 15 31 49 0 0 0 
70 53 25 13 90 31 49 0 0 0 
80 1,020 906 384 990 31 49 76 99 0 
90 3,019 4,000 1,744 3,326 2,465 657 76 99 37 

100 3,871 4,000 3,871 3,871 4,000 3,871 3,125 312 118 
Mean 641 698 502 658 438 236 92 31 12 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 (0 (0) (0) 0 0 (0) 

10 0 0 0 0 0 0 0 0 (01 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 61 14 0 0 0 0 
40 0 0 2 226 145 15 30 8 0 
50 0 0 174 238 222 226 200 99 0 
60 0 196 233 238 238 238 225 169 0 
70 39 238 238 238 238 238 234 204 62 
80 201 238 238 238 238 238 238 232 147 
90 238 238 238 238 238 238 238 238 233 

100 238 238 238 238 238 238 238 238 238 
Mean 65 105 125 161 147 133 130 111 61 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 266 114 
80 0 0 0 0 1,065 181 0 457 2,228 
90 0 0 123 0 3,353 2,309 414 880 3,283 

100 0 515 3,335 2,721 4,000 3,822 1,053 3,n1 3,780 
Mean 0 12 176 54 667 437 81 283 783 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 - 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,090 3,469 2,842 2,455 1,145 

10 5,115 5,373 7,351 9,055 7,140 4,750 3,622 3,174 5,500 
20 6,844 6,628 8,569 11,101 9,758 6,363 3,840 3,781 5,568 
30 7,982 7,360 10,426 11,380 11,332 10,265 4,414 4,296 5,804 
40 8,490 8,371 11,114 11,444 11,633 11,268 5,623 5,362 6,321 
50 9,045 10,658 11,265 11,568 11,941 11,268 6,573 6,047 7,001 
60 9,700 11,280 11,280 11,768 12,048 11,461 7,380 7,176 8,380 
70 11,280 11,280 11,295 11,873 12,462 11,461 8,476 8,380 9,733 
80 11,280 11,280 11,393 12,266 12,700 11,499 9,203 9,410 10,551 
90 11,280 11,280 11,503 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11,280 11,280 
Mean 8,958 9,113 10,304 11,261 11,156 9,864 6,764 6,508 7,n8 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

85 0 0 
86 0 0 
86 0 0 
86 67 734 

130 115 4,000 
43 10 379 

Jul Aug s~ 
(0) (0 (0) 
0 JO 0 
0 0 0 
0 0 0 
0 0 0 
5 0 0 
5 0 0 
5 0 0 

28 0 0 
137 4 164 
238 238 238 

30 9 26 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

443 0 0 
2,614 933 0 
3,741 3,755 2,861 

497 293 79 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
4,447 3,508 3,617 
6,887 4,790 5,915 
8,729 5,143 6,076 

10,396 6,183 6,393 
11,280 7,118 6,568 
11,280 7,889 6,822 
11,280 9,116 8,100 
11,280 10,293 10,087 
11,280 11,280 11,280 
11,280 11,280 11,280 
9,489 7,192 7,248 



Water 
Year Oct Nov Dec 

1922 0 0 1,744 
1923 4,297 2,434 26 
1924 0 0 0 
1925 0 0 0 
1926 0 0 0 
1927 0 4,137 721 
1928 0 6,000 822 
1929 0 0 0 
1930 0 0 0 
1931 0 0 0 
1932 0 0 863 
1933 0 0 0 
1934 0 0 0 
1935 0 0 0 
1936 0 0 0 
1937 0 0 0 
1938 0 6,000 822 
1939 4,006 50 26 
1940 0 0 0 
1941 0 0 6,000 
1942 5,435 1,257 26 
1943 6,000 673 26 
1944 0 0 0 
1945 0 0 1,686 
1946 0 3,606 3,140 
1947 0 0 0 
1948 0 0 0 
1949 0 0 0 
1950 0 0 0 
1951 0 6,000 822 
1952 0 1,238 5,431 
1953 2,452 50 26 
1954 3,262 3,502 0 
1955 0 145 6,000 
1956 0 0 6,000 
1957 6,000 0 0 
1958 2,610 2,273 1,868 
1959 2,980 50 0 
1960 0 0 76 
1961 0 0 0 
1962 0 0 0 
1963 6,000 673 26 
1964 1,761 5,054 0 
1965 0 0 6,000 
1966 682 6,000 189 
1967 0 0 6,000 
1968 1,990 50 26 
1969 0 0 5,519 
1970 902 50 26 
1971 0 6,000 822 
1972 2,451 0 4,227 
1973 0 5,702 1 '111 
1974 0 6,000 822 
1975 3,763 50 26 
1976 5,388 637 - 0 
19n 0 0 7 
1978 0 0 0 
1979 3,019 235 0 
1980 0 2,939 3,785 
1981 2,867 0 1,350 
1982 0 6,000 822 
1983 735 50 26 
1984 106 50 26 
1985 3,019 3,754 26 
1986 0 0 420 
1987 0 0 0 
1988 0 0 76 
1989 0 0 0 
1990 0 0 0 
1991 0 0 0 

Average 996 1,152 964 

Table A1-13a. DeltaSOS-Simulated DW Operations 
for Alternative 3: DW Diversions to Storage (cfs) 

.· · .. 

Jan Feb· Mar I·· Apr May Jun .Jul 

2,047 3,207 98 0 345 235 0 
29 0 0 0 0 0 158 
59 0 0 0 0 0 0 

0 6,000 0 0 0 0 158 
869 6,000 0 0 0 0 157 

2,080 61 98 151 0 0 0 
29 0 733 0 0 0 158 

0 0 0 0 0 0 0 
4.4n 0 179 0 0 0 0 

0 0 0 0 0 0 0 
1,593 0 0 0 0 0 0 

0 0 0 0 0 0 0 
2,005 0 0 0 0 0 0 
6,000 0 0 1,869 0 0 158 
6,000 704 98 0 0 0 158 

0 6,000 1,281 0 0 0 0 
29 61 98 151 198 235 0 

0 0 0 0 0 0 158 
6,000 704 98 151 0 0 157 

632 61 98 151 198 0 0 
29 61 0 395 198 0 0 
29 61 98 151 0 0 0 

0 742 0 0 0 0 158 
0 5,537 98 0 0 0 0 

29 0 0 0 0 0 158 
0 0 0 0 0 0 157 
0 0 0 0 297 0 157 
0 0 6,000 0 0 0 0 

3,326 1,946 0 0 0 0 159 
29 61 98 0 0 0 157 
63 59 98 151 198 235 0 
29 0 0 0 0 0 0 

583 61 98 151 0 0 159 
603 0 0 0 0 0 158 
632 59 98 0 484 0 0 

0 3,132 2,393 0 0 0 158 
29 61 98 151 198 235 0 

2,844 61 0 0 0 0 157 
0 2,520 0 0 0 0 158 
0 3,684 0 0 0 0 157 
0 6,000 0 0 0 0 158 

102 61 98 151 198 0 0 
1,054 0 0 0 0 0 158 

632 61 0 3,000 0 0 158 
29 0 0 0 0 0 158 

632 61 98 151 198 235 260 
29 59 98 0 0 0 157 

1,113 61 98 151 198 235 0 
29 61 98 0 0 0 159 
29 0 2,468 0 372 0 157 

104 0 1,020 0 0 0 158 
118 61 98 0 0 0 0 

29 61 98 151 0 0 0 
29 61 98 0 345 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

6,000 729 98 151 0 0 0 
6,000 729 98 0 0 0 0 

35 59 98 0 0 0 0 
2,606 0 n3 0 0 0 158 

153 61 98 151 198 37 0 
29 61 98 151 198 235 260 
29 59 98 0 0 0 0 

0 0 0 0 0 0 158 
2,491 4,181 98 151 0 0 0 

0 0 1,106 0 0 0 157 
6,000 0 0 0 0 0 0 

0 0 3,769 0 0 0 158 
990 0 0 0 0 0 0 

0 0 64 0 0 0 0 

976 761 322 110 55 24 80 

Total 
Aug Sep (TAF) 

0 0 462 
123 0 426 

0 0 4 
0 0 371 
0 0 423 
0 0 437 
0 0 467 
0 0 0 
0 0 281 
0 0 0 
0 0 148 
0 0 0 
0 0 121 
0 0 484 
0 0 419 
0 0 439 
0 2,793 626 
0 0 255 
0 0 428 
0 0 430 
0 0 446 
0 0 424 
0 0 54 
0 0 441 
0 0 418 

123 0 17 
123 0 35 

0 0 362 
124 0 335 

0 0 432 
0 4,399 715 
0 0 154 
0 0 471 

122 0 423 
0 248 453 

123 0 711 
0 3,853 685 
0 0 367 
0 0 166 
0 0 231 
0 0 371 
0 0 440 

124 0 491 
0 0 594 
0 0 425 
0 3,879 694 
0 0 145 
0 6,000 806 
0 0 80 
0 0 593 

122 0 487 
0 0 427 
0 3,044 615 
0 n8 310 
0 0 363 
0 0 0 
0 0 420 
0 0 607 
0 0 417 
0 0 467 
0 6,000 815 

231 175 136 
0 0 22 
0 0 419 
0 0 442 
0 0 76 
0 0 366 

123 0 244 
0 0 60 
0 0 4 

19 445 356 



Water 
Year Oct Nov Dec 

1922 0 0 0 
1923 0 0 0 
1924 0 0 0 
1925 0 0 0 
1926 0 0 0 
1927 0 0 146 
1928 0 0 0 
1929 0 0 0 
1930 0 0 0 
1931 0 0 0 
1932 0 0 0 
1933 0 0 0 
1934 0 0 0 
1935 0 0 0 
1936 0 0 0 
1937 0 0 0 
1938 0 0 0 
1939 0 0 0 
1940 0 0 0 
1941 0 0 0 
1942 0 0 0 
1943 0 0 0 
1944 0 0 0 
1945 0 0 0 
1946 0 0 0 
1947 0 0 0 
1948 0 0 0 
1949 0 0 0 
1950 0 0 0 
1951 0 0 0 
1952 0 0 34 
1953 0 0 0 
1954 0 0 528 
1955 0 0 86 
1956 0 0 0 
1957 0 473 3,740 
1958 0 0 0 
1959 0 0 2,788 
1960 0 0 0 
1961 0 0 0 
1962 0 0 0 
1963 0 0 73 
1964 0 0 999 
1965 0 0 0 
1966 0 0 0 
1967 0 0 0 
1968 0 0 0 
1969 0 0 0 
1970 0 0 0 
1971 0 0 0 
1972 0 134 75 
1973 425 0 89 
1974 0 0 0 
1975 0 0 Q.. 
1976 0 0 651 
19n 0 0 0 
1978 0 0 0 
1979 0 0 3,172 
1980 0 0 5 
1981 0 120 0 
1982 0 0 123 
1983 0 0 0 
1984 0 0 0 
1985 0 0 0 
1986 0 0 0 
1987 0 0 0 
1988 0 0 0 
1989 0 0 0 
1990 0 0 0 
1991 0 0 0 

Average 6 10 179 

Table A1-13b. DeltaSOS-Simulated DW Operations 
for Alternative 3: DW Discharge to Export Wheeling (cfs) 

Jan Feb ·Mar .. -Apr May.·· 'J.un .. Jul 

0 0 0 0 0 0 6,000 
0 6,000 1,031 0 0 0 0 
0 3 0 0 0 0 0 
0 0 3,319 0 0 1,478 0 
0 0 4,975 0 259 340 0 
0 0 0 0 0 4,692 1,376 
0 621 0 0 342 4,836 0 
0 0 0 0 0 0 0 
0 4,885 0 34 0 0 0 
0 0 0 0 0 0 0 
0 2,263 157 0 0 0 0 
0 0 0 0 0 0 0 
0 2,159 0 0 0 0 0 
0 4,827 1,045 0 693 1,018 0 
0 0 0 0 407 4,658 0 
0 0 0 0 2,456 3,694 0 
0 0 0 0 0 0 6,000 

800 4,359 1,683 0 0 0 0 
0 0 0 0 416 4,836 0 
0 0 0 0 0 2,832 3,375 
0 0 139 0 0 0 6,000 
0 0 0 0 1,461 4,873 0 
0 0 597 0 0 0 0 
0 0 0 555 652 0 2,033 
0 4,658 2,242 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 71 0 
0 0 0 0 905 4,674 0 
0 0 2,463 0 355 0 0 
0 0 0 167 0 4,855 0 
0 0 0 0 0 0 2,6n 
0 1,184 2,568 0 0 0 1,980 
0 0 0 0 313 4,899 0 
0 1,837 4,791 0 0 0 0 
0 0 0 144 0 0 2,655 

299 0 0 538 0 4,407 0 
0 0 0 0 0 0 5,239 
0 0 4,787 959 272 0 0 

47 0 2,260 0 0 0 0 
0 0 3,230 0 0 0 0 
0 0 1,089 1,030 345 2,396 0 
0 0 0 0 0 2,114 1,069 
0 5,154 1,628 0 0 0 0 
0 0 2,920 0 636 4,828 0 
0 911 742 0 909 0 0 
0 0 0 0 0 0 0 
0 0 0 390 839 0 0 
0 0 0 0 0 0 4,553 
0 0 0 517 630 0 0 
0 2,563 0 29 0 0 0 
0 1,661 0 383 271 0 0 
0 0 0 0 0 3,362 20 
0 0 0 0 0 2,416 3,065 
0 0 0 0 0 841 1,461 

2,717 2,055 1,104 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 67 4,536 1,460 
0 0 0 0 0 3,050 2,265 
0 0 0 556 1,548 4,076 0 
0 686 0 416 839 0 0 
0 0 0 0 0 0 2,542 
0 0 0 0 0 0 0 
0 0 0 139 536 0 625 

183 3,530 3,050 0 0 0 0 
0 0 0 0 3,000 3,283 0 
0 0 0 539 225 0 0 

44 4,501 1,639 0 0 0 0 
0 0 0 0 497 0 0 
0 1,035 0 0 0 0 0 
0 0 0 0 0 0 0 

58 784 678 91 270 1,187 7n 

Total 
Aug Sep (TAF) 

112 0 368 
0 0 424 
0 0 0 
0 0 289 
0 0 336 
0 0 374 

675 0 390 
0 0 0 
0 0 296 
0 0 0 
0 0 146 
0 0 0 
0 0 130 
0 0 457 

782 0 352 
0 0 371 

112 0 368 
0 0 412 

747 0 361 
0 0 374 
0 0 370 
0 0 382 
0 0 36 

2,317 0 335 
0 0 416 
0 0 0 
0 0 4 
0 0 336 
0 1,201 242 

837 0 353 
3,435 0 370 

0 0 345 
791 0 393 

0 0 404 
3,229 0 363 

0 894 624 
873 0 368 

0 0 531 
0 0 139 
0 0 195 
0 0 293 

2,769 0 363 
0 0 469 

275 0 522 
536 2,445 334 

5,237 0 316 
3,627 705 335 
1,559 0 368 
4,568 0 344 
4,525 1,149 498 

0 3,917 388 
2,266 0 371 

283 0 347 
3,609 0 356 

0 0 393 
0 0 0 
0 0 365 

323 0 531 
0 0 373 

3,614 695 384 
3,041 0 344 

0 0 0 
4,244 0 334 

0 0 407 
0 0 379 
0 0 46 
0 0 373 
0 2,397 174 
0 0 62 
0 0 0 

7n 191 302 



/ 

' \._" 

Water 
Year 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

' 
Oct Nov 

0 0 
264 406 

0 0 
0 0 
0 0 
0 246 
0 357 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 357 

406 406 
0 0 
0 0 

334 406 
369 406 

0 0 
0 0 
0 215 
0 0 
0 0 
0 0 
0 0 
0 357 
0 74 

406 406 
201 406 

0 9 
0 0 

sn 346 
160 293 
406 406 

0 0 
0 0 
0 0 

369 406 
108 406 

0 0 
42 396 

0 0 
406 406 

0 0 
406 406 

0 357 
159 148 

0 339 
0 357 

406 406 
371 406 

0 0 
0 0 

186 197 
0 175 

176 166 
0 357 

406 406 
406 406 
186 406 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

94 161 

Table A~-13c. DeltaSOS-Simulated DW Operations 
for Alternative 3: DW End-of-Month Storage (TAP) 

' ' ,:·'·'· .· · .. ·,·· ·:··. ' ·.· ... 
I• ·' ' ,,, . ' 

Dec Jan Feb I Mar ·.,· .. :Apr Mlly · Jun I> 

107 231 406 406 397 406 406 
406 406 69 (0) 0 0 0 

0 4 (0) 0 0 0 0 
0 0 333 123 114 102 (0) 
0 53 383 71 62 34 (0) 

280 406 406 406 406 394 101 
406 406 367 406 397 364 62 

0 0 0 0 0 0 0 
0 275 1 11 0 0 0 
0 0 0 0 0 0 0 

53 149 16 (0) 0 0 0 
0 0 0 0 0 0 0 
0 123 (0) 0 0 0 0 
0 369 97 27 129 75 (0) 
0 369 406 406 397 360 69 
0 0 333 406 397 234 (0) 

406 406 406 406 406 406 406 
406 355 110 (0) 0 0 0 

0 369 406 406 406 368 66 
369 406 406 406 406 406 223 
406 406 406 391 406 406 392 
406 406 406 406 406 304 (0) 

0 0 43 (0) 0 0 0 
104 102 406 406 364 312 298 
406 406 144 (0) 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 18 (0) 
0 0 0 369 360 292 0 
0 205 309 152 143 109 95 

406 406 406 406 387 375 72 
404 406 406 406 406 406 406 
406 406 337 173 164 152 138 
372 406 406 406 406 375 69 
371 406 301 0 0 0 0 
369 406 406 406 388 406 392 
115 94 265 406 365 353 n 
406 406 406 406 406 406 406 
233 406 406 106 40 11 0 

5 (0) 145 (0) 0 0 0 
0 0 205 (0) 0 0 0 
0 0 333 260 190 157 (0) 

402 406 406 406 406 406 266 
343 406 106 0 0 0 0 
369 406 406 220 390 339 37 
406 406 352 300 291 223 209 
369 406 406 406 406 406 406 
406 406 406 406 374 310 296 
339 406 406 406 406 406 406 
406 406 406 406 366 315 301 
406 406 260 406 395 406 392 
401 406 307 364 332 303 289 
401 406 406 406 397 385 171 
406 406 406 406 406 394 236 
406 406 406 406 397 406 342 
364 195 74 0 0 0 0 

0 0 0 0 0 0 0 
0 369 406 406 406 390 106 
0 369 406 406 397 385 189 

406 406 406 406 364 257 (0) 
248 406 364 406 372 308 294 
398 406 406 406 406 406 394 
406 406 406 406 406 406 406 
406 406 406 406 389 344 330 
406 393 194 (0) 0 0 0 
26 1n 406 406 406 209 (0) 
0 0 0 68 27 1 0 
5 369 107 0 0 0 0 
0 0 0 232 223 180 166 
0 61 0 0 0 0 0 
0 0 0 4 0 0 0 

208 263 259 232 227 206 127 

I 

Jul Aug Sep 

21 0 0 
10 8 0 
0 0 0 

10 0 0 
10 0 0 

0 0 0 
56 (0) 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

10 0 0 
62 (0) 0 

0 0 0 
21 0 166 
10 0 0 
60 (0) 0 
(0) 0 0 
7 0 0 
0 0 0 

10 0 0 
157 0 0 
10 0 0 
10 8 0 
10 8 0 
0 0 0 

88 82 (0) 
66 0 0 

225 0 262 
(0) 0 0 

63 0 0 
10 7 0 

213 0 15 
70 64 (0) 
68 (0) 229 
10 0 0 
10 0 0 
10 0 0 
10 0 0 

184 0 0 
10 8 0 
31 0 0 

203 156 (0) 
406 70 290 
290 52 0 
110 0 357 
295 (0) 0 
386 93 14 
283 276 33 
154 0 0 
32 0 181 

236 0 46 
0 0 0 
0 0 0 
0 0 0 

34 0 0 
0 0 0 

288 52 (0) 
222 21 367 
406 406 406 
275 (0) 0 

10 0 0 
0 0 0 

10 0 0 
0 0 0 

160 153 0 
0 0 0 
0 0 0 

76 21 34 



·. SJR Added. 

Table A1-14. DeltaSOS Mean Annual Simulation Output 
for Alternative 3 

New Added New Steam& .··. occ:.:. Revised<· ... sac .. Required .:. ReVised ·•· 
easln ·BaSin . Sac · >Sac SJR .. ·. .· SJR SJR ·. · .. •sutter.· • Ric Vista DC:C:< 

G~s· Watar· Year ···year A ow ··•.Flow .. Row Ffow ··AoW: ·· Aow. Reduction :···:·Flow•···•·· 
I·· Year . Type Type• {fAF) . (J"AF) ·. (TAF) (TAF). ·.···(TAF) .. .(TAf).·· (TAf:).:: • '(TAF): • 

1922 2 1 0 15,237 1,682 0 3,037 4,804 0 
1923 3 2 0 14,489 1,663 73 2,564 4,395 0 
1924 5 5 0 8,586 820 4 1,264 2,261 32 
1925 4 3 0 12,064 1,213 29 1,491 3,509 0 
1926 4 4 0 11,614 1,107 0 1,511 3,338 0 
1927 1 2 0 19,015 1,663 71 1,963 6,229 0 
1928 2 3 0 18,455 1,295 30 1,736 6,051 0 
1929 5 5 0 8,696 820 2 1,306 2,314 42 
1930 4 5 0 10,768 816 28 1,168 3,052 0 
1931 5 5 0 6,775 790 2 1,257 1,651 91 
1932 4 2 0 8,618 1,244 0 1,655 2,274 0 
1933 5 4 0 7,535 1,004 0 1,388 1,931 97 
1934 5 5 0 8,173 820 4 1,205 2,172 66 
1935 3 2 0 12,496 1,477 0 2,051 3,700 29 
1936 3 2 0 13,335 1,585 80 2,221 3,996 0 
1937 3 1 0 12,426 1,682 56 2,860 3,671 0 
1938 1 1 0 28,179 1,759 0 5,428 9,982 0 
1939 4 4 0 10,712 1,004 0 1,695 3,007 0 
1940 2 2 0 17,638 1,585 78 1,973 5,687 0 
1941 1 1 0 23,780 1,759 0 3,677 8,157 0 
1942 1 1 0 25,353 1,759 0 2,986 8,822 0 
1943 1 1 0 20,972 1,759 78 3,229 6,984 0 
1944 4 3 0 11,388 1,140 45 1,688 3,253 0 
1945 3 2 0 12,566 1,507 77 2,321 3,714 0 
1946 3 2 0 16,177 1,585 74 2,146 5,102 0 
1947 4 4 0 10,949 1,056 50 1,607 3,089 0 
1948 3 3 0 13,098 1,140 3 1,421 3,868 0 
1949 4 3 0 11,993 1,140 49 1,472 3,503 0 
1950 3 3 0 12,811 1,192 0 1,532 3,774 0 
1951 2 2 0 21,672 1,663 80 2,663 7,244 0 
1952 1 1 0 28,323 1,759 0 3,023 9,970 0 
1953 1 3 0 18,839 1,295 0 1,965 6,162 0 
1954 2 3 0 19,873 1,295 29 1,601 6,490 0 
1955 4 4 0 11,447 1,004 0 1,365 3,263 0 
1956 1 1 0 21,768 1,759 0 3,270 7,335 0 
1957 2 3 0 15,092 1,244 27 1,812 4,642 0 
1958 1 1 0 26,266 1,759 1 3,397 9,182 0 
1959 3 4 0 14,716 1,159 69 1,800 4,523 0 
1960 4 5 0 11,339 846 30 1,247 3,228 0 
1961 4 5 0 11,459 842 40 1,179 3,280 0 
1962 3 3 0 12,372 1,110 45 1,530 3,632 0 
1963 1 2 0 20,611 1,585 0 1,934 6,877 0 
1964 4 4 0 12,397 1,056 36 1,394 3,615 0 
1965 1 1 0 19,519 1,759 80 2,404 6,453 0 
1966 3 3 0 13,901 1,244 49 2,011 4,172 0 
1967 1 1 0 22,181 1,759 0 3,304 7,439 0 
1968 3 4 0 15,971 1,211 49 1,709 5,020 0 
1969 1 1 0 23,660 1,759 0 5,442 8,066 0 
1970 1 2 0 21,543 1,585 74 3,357 7,316 0 
1971 1 3 0 20,939 1,295 0 1,732 6,908 0 
1972 3 4 0 13,210 1,107 0 1,515 3,920 0 
1973 2 2 0 19,810 1,663 78 2,252 6,529 0 
1974 1 1 0 29,264 1,759 2 2,240 10,392 0 
1975 1 1 0 20,440 1,682 0 2,310 6,784 0 
1976 5 5 0 10,456 820 9 1,169 2,943 4 
1977 5 5 0 6,824 790 0 1,016 1,703 36 
1978 2 1 0 Ui,859 1,729 0 2,267 5,405 31 
1979 3 2 0 13,993 1,585 78 2,378 4,235 0 
1980 2 1 0 18,292 1,759 0 4,818 6,032 0 
1981 4 4 0 13,093 1,159 49 1,962 3,885 0 
1982 1 1 0 29,591 1,759 3 5,389 10,473 0 
1983 1 1 0 35,577 1,759 0 15,726 12,980 0 
1984 1 2 0 23,213 1,585 74 6,524 7,985 0 
1985 4 4 0 13,038 1,107 50 1,909 3,861 0 
1986 1 1 0 18,958 1,682 0 4,814 6,463 0 
1987 4 5 0 10,952 846 16 1,661 3,102 0 
1988 5 5 0 9,416 790 6 1,020 2,563 38 
1989 4 5 0 11,782 842 31 1,036 3,442 31 
1990 5 5 0 8,675 790 4 944 2,288 52 
1991 5 5 0 8,612 816 37 995 2,286 29 

AverElg_e 0 15,998 1,330 27 2,428 5,091 8 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-yeartypes: l=wet, 2=abovenormal, 3=belownormal, 4=dry, 5=criticallydry 
Negative values shown in parentheses. 

949 3,631 
1,567 4,039 
1,115 2,902 
1,438 3,630 
1,419 3,554 
1,355 4,501 
1,477 4,542 
1,147 2,939 
1,269 3,310 

875 2,453 
1,142 2,924 

908 2,579 
916 2,658 

1,301 3,554 
1,365 3,727 
1,290 3,547 
1,057 5,533 
1,498 3,498 
1,469 4,408 
1,370 5,188 
1,151 5,211 
1,426 4,820 
1,423 3,528 
1,386 3,653 
1,435 4,178 
1,438 3,480 
1,630 3,917 
1,421 3,616 
1,525 3,793 
1,526 5,004 
1,183 5,647 
1,240 4,362 
1,575 4,778 
1,488 3,587 
1,499 5,011 
1,623 4,175 
1,243 5,417 
1,536 4,064 
1,455 3,546 
1,434 3,545 
1,418 3,656 
1,184 4,566 
1,540 3,756 
1,378 4,592 
1,502 3,913 
1,144 4,729 
1,525 4,226 
1,543 5,297 
1,506 5,006 
1,583 4,932 
1,524 3,842 
1,487 4,717 
1,580 6,144 
1,674 4,962 
1,324 3,307 

821 2,391 
1,187 4,063 
1,449 3,884 
1,267 4,358 
1,436 3,756 
1,562 6,157 
1,050 6,551 
1,190 4,958 
1,485 3,790 
1,300 4,534 
1,383 3,437 
1,161 3,048 
1,324 3,490 
1,143 2,939 
1,072 2,863 

1,347 4,090 

···a!Wised(· QWEJ3TW/ 
Rio Vista .. •··· ... •·lnmar · · floW. ExpOrt 
. (T;t(F) :.• .>(TAf") .. •. 

11,586 850 
10,425 491 

5,437 (1 '104~ 
9,040 (642 
8,157 (1 ,011) 

17,527 238 
14,653 (250) 

5,573 

~:~~ 7,368 
4,103 
5,630 334 
4,753 ~~ 5,386 
9,935 (346) 

10,821 161 
8,936 830 

31,093 5,930 
6,983 (484) 

17,640 126 
27,629 2,976 
25,051 2,819 
17,571 3,294 
7,790 (1,138) 
9,005 (218l 

13,192 (39 
7,285 (1 ,559) 
8,948 r-404~ 8,292 1,013 
8,851 1,135) 

18,363 1,983 
24,889 2,988 
16,711 792 
15,551 (501~ 

7,775 (1 ,391 
24,852 2,400 
11,044 (714) 
29,612 3,048 
10,754 138 

7,825 (1 ,622) 
7,844 (1,688~ 
9,182 (925 

18,800 7 
8,495 (1 ,343) 

19,247 784 
10,033 (934) 
19,913 1,973 
12,181 732 
23,945 5,716 
24,373 3,778 
16,920 (159~ 
9,253 {1 ,523 

18,433 1,021 
30,030 2,164 
16,153 945 
6,917 (1 ,237) 
4,233 (402) 

15,113 2,197 
10,011 381 
19,356 4,265 

9,162 (410) 
30,065 6,979 
42,561 21,616 
22,157 8,253 
9,191 (565) 

23,167 5,017 
7,300 (1,2~ 
6,236 (935 
8,090 (1,2~~ 
5,561 g:( 5,552 

13,793 912 



Table A'-14. Continued 

Reduced··· Initial . Initial. Rec!uirecl Revised Redueec:l .. ..... . ... Reduced 

······~····· 
Adjus1ed . •. Revised: Revised·. 

Export for Collinsville Chipps• Delta Montez.· Export for •· Export Export .·Total :•QWEST CollinsvUie 
Water QWEST Outflow •Outflow Outflow· :.• Flow · Outflow ·• umits·.··• forUmits Change ·:: Export A ow ·.· ..• •·• Outflow I .· .. 
Year (TAF) {TAF) (TAF) .(TAF) .(TAF) {TAF) (TAF) ·.• .• ·. (TAF) i·· (TAf)·· . (TAF) • ·:·:: (TAF) I (TAF) 

1922 0 12,347 11,416 6,103 931 0 8,364 13 220 6,405 630 12,127 
1923 0 10,829 9,942 5,833 887 0 9,521 4 302 6,493 189 10,527 
1924 0 4,206 3,401 4,063 805 0 5.401 2 37 4,579 (1.14H 4,169 
1925 0 8,317 7,456 5,195 862 0 7,312 8 86 5,821 (72 8,232 
1926 0 7,048 6,200 5,006 847 0 6,923 11 29 5,762 (1 ,040) 7,019 
1927 0 17,681 16,711 6,980 970 0 10,720 6 393 6,635 ~155) 17,289 
1928 0 14,303 13,380 6,665 922 0 10,032 6 434 6,761 683) 13,869 
1929 0 4,598 3,785 4,418 813 0 5,435 0 40 4,604 (90~ 4,558 
1930 0 6,271 5,439 5,052 832 0 6,182 9 27 5,036 (1 ,022 6,244 
1931 0 3,728 2,927 3,657 801 0 4,306 0 36 3,363 (29 3,692 
1932 0 5,875 5,044 5,190 831 0 5,625 6 171 4,319 163 5,704 
1933 0 4,339 3,528 4,050 811 0 4,694 0 44 3,722 ~~~ 4,295 
1934 0 4,879 4,064 4,532 816 0 4,803 2 43 3,780 4,836 
1935 0 9,503 8,610 6,455 894 0 7,413 3 83 6,008 (429) 9,420 
1936 0 10,902 10,019 6,248 884 0 8.419 25 48 6,202 113 10,854 
1937 0 9,691 8,817 5,287 875 0 7,752 44 45 5,923 786 9,647 
1938 0 36,966 35,761 8,125 1,205 0 18,482 6 1,006 7,233 4,924 35,959 
1939 0 6,379 5,545 4,357 833 0 6,865 1 715 5,803 (1,199) 5,664 
1940 0 17,702 16,722 7,246 979 0 10,409 27 67 6,487 59 17,635 
1941 0 30,554 29,429 7,010 1,126 0 16,412 14 410 6,684 2,567 30,145 
1942 0 27,795 26,713 6,671 1,082 0 16,125 0 1,301 7,250 1,518 26,494 
1943 0 20,777 19,793 7,309 984 0 13,363 0 1,188 6,746 2,106 19,589 
1944 0 6,547 5,712 4,952 835 0 6,788 9 84 6,013 (1 ,223) 6,463 
1945 0 8,690 7,832 5,277 858 0 7,966 4 351 6,485 (~ 8,340 
1946 0 13,046 12,145 6,279 900 0 11,239 6 38 6,329 13,007 
1947 0 5,609 4,781 5,072 828 0 6,751 1 20 6,053 (1 ,579 5,589 
1948 0 7,435 6,569 5,487 866 0 7,141 1 73 6,374 

r-4~ 
7,362 

1949 0 7,168 6,324 4,921 844 0 6,947 16 49 5,741 1,062 7,118 
1950 0 7,605 6,751 5,599 854 0 7,295 11 42 6,193 1 '1 7,563 
1951 0 20,263 19,290 6,326 973 0 14,970 11 376 7,142 1,606 19,886 
1952 0 27,811 26,691 7,985 1,120 0 15,787 5 625 7,551 2,364 27,187 
1953 0 17,401 16,445 6,080 956 0 12,676 0 1,519 6,823 (727) 15,882 
1954 0 14,935 13,994 7,021 941 0 10,339 0 677 7,050 ~1,178~ 14,257 
1955 0 6,281 5,447 5,051 834 0 7,342 7 67 6,084 1,458 6,214 
1956 0 27,183 26,125 6,221 1,059 0 17,795 5 317 7,141 2,083 26,866 
1957 0 10,221 9,341 5,661 881 0 8,552 1 496 6,782 (1 ,210) 9,726 
1958 0 32,616 31,443 7,267 1,173 0 16,086 6 603 7,650 2,444 32,013 
1959 0 10,781 9,906 5,294 875 0 8,800 0 953 6,129 (81~ 9,828 
1960 0 6,088 5,256 5,203 832 0 6,803 12 15 5,871 (1,63 6,073 
1961 0 "6,045 5,214 5,097 831 0 6,750 8 19 5,794 (1,70~ 6,027 
1962 0 8,160 7,307 5,063 853 0 7,528 9 20 5,816 8,140 
1963 0 18,732 17,719 7,329 1,013 0 11,162 6 497 7,149 ~=) 18,235 
1964 0 7,034 6,195 5,143 839 0 7,804 1 71 5,985 (1 ,414) 6,963 
1965 0 19,937 18,946 6,670 992 0 14,496 6 114 6,765 670 19,823 
1966 0 8,990 8,128 5,602 863 0 8,613 4 413 6,815 (1 ,346) 8,578 
1967 0 21,825 20,776 7,553 1,049 0 13,108 6 771 7,636 1,202 21,053 
1968 0 12,804 11,909 5,557 895 0 9,256 0 1,783 6,565 (1 ,051) 11,021 
1969 0 29,594 28,470 7,967 1,124 0 16,813 6 896 7,326 4,819 28,698 
1970 0 28,062 27,022 5,637 1,039 0 18,655 0 1,767 6,798 2,011 26,295 
1971 0 16,665 15,713 7,094 952 0 12,449 6 173 6,986 (332~ 16,492 
1972 0 7,607 6,760 5,409 847 0 7,849 4 339 6,682 (1 ,862 7,268 
1973 0 19,403 18,436 6,821 967 0 12,919 13 341 6,949 680 19,062 
1974 0 32,109 30,983 6,944 1,126 0 19,746 3 626 7,454 1,538 31,484 
1975 0 17,001 16,040 6,627 961 0 10,903 0 1,118 7,612 (173) 15,882 
1976 0 5,553 4,732 4,416 822 0 6,343 0 112 5,111 (1 ,349) 5,441 
1977 0 3,708 2,908 3,657 800 0 4,264 0 50 3,103 (452) 3,658 
1978 0 17,251, 16,291 7,933 963 0 10,117 0 1,243 5,749 954 16,012 
1979 0 10,301 9,422 5,844 878 0 8,242 0 709 6,514 (328) 9,591 
1980 0 23,549 22,547 6,568 1,002 0 14,443 19 728 6,401 3,537 22,821 
1981 0 8,638 7,782 5,109 856 0 7,849 0 913 6,501 (1 ,323) 7,725 
1982 0 36,998 35,758 7,099 1,240 0 20,240 6 526 7,792 6,453 36,473 
1983 0 64,167 62,613 6,197 1,553 0 31,346 0 2,964 8,377 18,653 61,203 
1984 0 30,310 29,247 5,676 1,063 0 20,548 0 2,513 7,089 5,741 27,798 
1985 0 8,527 7,673 5,068 854 0 8,383 4 327 6,261 (891) 8,200 
1986 0 28,129 27,076 6,155 1,053 0 14,333 46 243 6,511 4,774 27,886 
1987 0 5,938 5,109 4,819 830 0 6,602 0 61 5,869 (1 ,306~ 5,877 
1988 0 5,193 4,375 4,505 818 0 5,648 6 30 4,476 (965 5,163 
1989 0 6,694 5,850 4,816 844 0 6,313 17 35 5,313 

(1 ,31 ~~ 6,660 
1990 0 4,665 3,851 4,506 815 0 5,037 2 34 4,099 ·~~20 4,632 
1991 0 4,904 4,087 4,088 816 0 4,808 4 41 3,848 579 4,863 

Average 0 14,612 13,681 5,802 931 0 10.291 7 464 6,177 448 14,148 



Table A1-14. Continued 

Available Delta .· Delta Delta I. Final. Final Final · .. · •3;::;Mile Old River Final·.·.· /Oict&•.·. 
.. fatDW · · Delta .. Storage Storage Storage ... ·Total ·QWEST f· D.elta •slough. .Diver.iion .. AntiCI!:ih .Middle 

Watsr •. Diversion Storage· Diversion EXport.· Outflow. Export• •.. Aow•· • Outflow · Flow ... ·.·.•Row flow ·.Flow 
•·•Year. . ·•>{TAFJ• (T:Af) . JTAF) . ·crAF) I· (l"AF) •· (TAF) •·· (TAF)··•· L (t"AF) •·· ... (TAF) . {T:Af) •• rrAfJ· •· (I"AF) . 

1922 1,073 406 462 368 0 6,n3 167 11,664 2,648 1,587 2,816 (5,685) 
1923 2,247 406 426 424 0 6,916 (236~ 10,101 2,504 1,369 2,268 ~6,042~ 
1924 4 4 4 0 0 4,579 f1 ,144 4.166 1,626 825 482 4,412 
1925 ng 333 371 289 0 6,110 1,099) 7,861 2,452 852 1,353 (5,735) 
1926 436 383 423 336 0 6,098 (1.463} 6,596 2,360 an 897 

r·759! 1927 2,857 406 437 374 0 7,009 (591 16,852 4,271 1,038 3,680 6,450 
1928 2.476 406 467 390 0 7,151 (1,150 13,402 3,n6 996 2,626 6,702 
1929 0 0 0 0 0 4,604 (90~ 4,558 1,581 851 681 r-359~ 1930 281 275 281 296 0 5,333 (1,303 5,963 2,126 764 823 5,128 
1931 0 0 .0 0 0 3,363 (29 3,692 1,050 831 753 3,142 
1932 148 149 148 146 0 4,464 15 5,556 1,308 943 1,323 ~4,035~ 1933 0 0 0 0 0 3,722 ~344) 4,295 1,216 853 872 3,486 
1934 121 123 121 130 0 3,910 560) 4,716 1,431 805 871 (3,704 
1935 621 369 484 457 0 6,465 ~~~ 8,937 2,602 1,100 1,690 r863) 1936 1,436 406 419 352 0 6,554 10,435 2,618 1,192 2,312 5,825~ 
1937 934 406 439 371 0 6,294 347 9,208 1,974 1,494 2,321 5,245 
1938 8,844 406 626 368 0 7,601 4,298 35,334 5,901 3,087 10,199 4,888) 
1939 559 406 255 412 0 6,215 (1,454~ 5,409 2,084 995 629 t'846} 1940 2,663 406 428 361 0 6,848 (370 17,206 4,228 1,046 3,858 6,204 
1941 5,971 406 430 374 0 7,058 2,136 29,714 5,n1 2,157 7,907 5,249 
1942 5,146 406 446 370 0 7,620 1,072 26,048 5,504 1,534 6,576 

t532) 1943 4,700 406 424 382 0 7,128 1,682 19,165 3,569 1,611 5,251 6,014) 
1944 54 43 54 36 0 6,049 (1,277) 6,408 2,216 984 939 5,627) 
1945 880 406 441 335 0 6,819 (1,010~ 7,898 2,416 1,254 1,406 tog~ 1946 2,359 406 418 416 0 6,744 (495 12,590 3,230 1,139 2,735 6,180 
1947 17 10 17 0 0 6,053 (1,596) 5,572 2,198 958 603 5,70 
1948 35 18 35 4 0 6,378 r-512~ 7,327 2,560 806 1,048 t,153~ 1949 449 369 362 336 0 6,on 1,424 6,757 2,379 842 955 5,824 
1950 335 309 335 242 0 6,435 1,511 7,228 2,537 866 1,026 6,158 
1951 5,197 406 432 353 0 7,495 1,174 19,455 3,912 1,430 5,087 (6,538! 
1952 6,021 406 715 370 0 7,922 1,649 26,471 5,285 1,548 6,934 ~6,783 
1953 2,569 406 154 345 0 7,169 (881) 15,728 4,172 1,084 3,291 6,640 
1954 2,581 406 471 393 0 7,444 ~1,649~ 13,786 4,142 908 2,493 

~·'l 1955 719 406 423 404 0 6,488 1,881 5,790 2,402 839 521 ,204 
1956 5,272 406 453 363 0 7,504 1,630 26,413 5,283 1,711 6,912 ,214 
1957 947 406 711 624 0 7,405 (1,921) 9,014 3,176 964 1,256 ,020 
1958 6,701 406 685 368 0 8,018 1,759 31,328 6,352 2,019 8,110 ~6,31~ 1959 1,815 406 367 531 0 6,660 ~1,181~ 9,461 2.an 997 1,696 6,254 
1960 166 145 166 139 0 6,010 1,803 5,907 2,389 802 586 (5,80 
1961 231 205 231 195 0 5,989 ~1,938~ 5,795 2,436 763 498 ~5,8~ 1962 . 832 333 371 293 0 6,109 1,315 7,769 2,553 892 1.237 5,752 
1963 3,057 406 440 363 0 7,512 (930) 17,795 4,674 1,021 3,744 (6,9 
1964 1,274 406 491 469 0 6,454 (1,905) 6,472 2,5n 869 672 r199~ 1965 3,163 406 594 522 0 7,287 n 19,230 4,463 1,246 4,539 6,560 
1966 1,225 406 425 334 0 7,149 (1,n2) 8,152 2,894 1,110 1,123 6,622 
1967 4,468 406 694 316 0 7,952 508 20,360 4,483 1,729 4,991 

r-613} 1968 2,138 406 145 335 0 6,901 (1,196) 10,876 3,214 943 2,018 6,538 
1969 6,436 406 806 368 0 7,694 4,013 27,892 4,324 3,097 8,337 5,009 
1970 5,623 406 80 344 0 7,142 1,931 26,215 5,076 1,632 7,008 (6,01~ 1971 3,009 406 593 498 0 7,484 (925) 15,899 4,234 993 3,309 m.018 1972 617 406 487 388 0 7,070 (2,349) 6,781 2,893 902 544 ,80 
1973 4,138 406 427 371 0 7,321 253 18,634 4,218 1,204 4,470 ,463 
1974 6,251 406 615 347 0 7,802 924 30,869 6,711 1,154 7,634 

Fs'
11 1975 2,727 406 310 356 0 7,968 (484~ 15,572 3,917 1,176 3,433 ,32 

1976 567 406 363 393 0 5,505 (1 ,712 5,078 2,149 755 437 ,408 
19n 0 0 0 0 0 3,103 (453) 3,657 1,129 676 676 ~3,0~ 1978 2,713 406 - 420 365 0 6,115 534 15,591 3,356 1,158 3,890 5,334 
1979 1,052 406 607 531 0 7,045 (936) 8,984 2,627 1,220 1,691 (6,333) 
1980 5,331 406 417 373 0 6,n4 3,121 22,405 3,534 2,567 6,655 

r-639} 1981 786 406 467 384 0 6,884 (1 ,790) 7,258 2,697 1,068 906 6,416 
1982 8,665 406 815 344 0 8,136 5,639 35,658 5,241 3,355 10,880 5,108 
1983 21,455 406 136 0 0 s.3n 18,517 61,067 4,118 9,324 22,635 760 
1984 8,820 406 22 334 0 7,423 5,718 27,n5 3,373 3,669 9,091 ~4,299~ 1985 1,584 406 419 407 0 6,668 (1,311) 7,781 2,553 1,103 1,243 6,106 
1986 6,124 406 442 379 0 6,889 4,332 27,444 4,043 2,756 8,374 t49~ 1987 76 68 76 46 0 5,915 ~1 ,382~ 5,801 2,135 919 753 5,609 
1988 419 369 366 373 0 4,848 1,331 4,797 1,871 685 540 fi 1989 244 232 244 174 0 5,487 (1,56~~ 6,416 2,375 646 813 
1990 60 61 60 62 0 4,161 ~?80 4,572 1,572 633 692 4,119 
1991 4 4 4 0 0 3,848 583 4,859 1,4n 634 894 3,812 

Average 2,579 321 356 302 0 6,479 92 13,792 3,186 1,369 3,279 (5,628) 



Table A~-15. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 3 

OW diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 29 0 0 0 0 0 
50 0 0 26 29 59 98 0 0 0 
60 0 50 26 102 61 98 0 0 0 
70 106 235 822 632 61 98 0 0 0 
80 2,452 2,434 1,111 1,593 704 98 151 198 0 
90 3,763 5,702 4,227 3,326 3,207 n3 151 198 37 

100 6,000 6,000 6,000 6,000 6,000 6,000 3,000 484 235 
Mean 996 1,152 964 976 761 322 110 55 24 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 (0 (0) (0 0 0 (0) 

10 0 0 0 0 0 (0 0 0 (0) 
20 0 0 0 0 1 0 0 0 0 
30 0 0 0 102 107 0 0 0 0 
40 0 0 5 275 265 123 129 102 0 
50 0 0 248 369 337 364 360 234 37 
60 0 197 369 406 406 406 387 312 95 
70 42 357 402 406 406 406 397 368 209 
80 201 406 406 406 406 406 406 394 298 
90 406 406 406 406 406 406 406 406 394 

100 406 406 406 406 406 406 406 406 406 
Mean 94 161 208 263 259 232 227 206 127 

OW discharge for export (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 139 0 271 1,018 
BO 0 0 0 0 1,184 1,104 29 416 3,283 
90 0 0 123 0 3,530 2,568 416 839 4,674 

100 425 473 3,740 2,717 6,000 4,975 1,030 3,000 4,899 
Mean 6 10 179 58 784 678 91 270 1,187 

OW discharge for outflow (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 _o 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,329 3,356 5,087 4,862 6,108 3,360 2,865 2,496 1,207 

10 5,166 5,415 7,387 9,055 7,109 4,810 3,645 3,215 5,500 
20 6,895 6,670 8,605 11,101 10,454 7,142 3,873 3,781 5,613 
30 8,033 7,402 10,462 11,380 11,632 11,079 4,797 4,300 5,864 
40 8,541 8,413 11,176 11,460 11,663 11,268 5,623 5,456 6,550 
50 9,096 10,700 11,259 11,578 12,009 11,268 6,573 6,047 8,152 
60 9,751 11,280 11,280 11,768 12,097 11,461 7,380 7,176 9,645 
70 11,280 11,280 11,298 11,873 12,462 11,461 8,476 8,380 11,280 
80 11,280 11,280 11,393 12,266 12,700 11,574 9,203 9,410 11,280 
90 11.280 11,280 11,503 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11.700 12,700 12,700 11,700 11,280 11,280 11,280 
Mean 8,998 9,134 10,323 11,267 11.275 10,104 6,783 6,517 8,199 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

157 0 0 
158 0 0 
158 0 0 
158 123 na 
260 231 6,000 
80 19 445 

Jul Aug Sep 
(0) (0) (0) 
0 0 0 
0 0 0 
0 0 0 

10 0 0 
10 0 0 
31 0 0 
66 0 0 

160 B 0 
275 64 166 
406 406 406 

76 21 34 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 323 0 

1,460 873 0 
2,6n 3,435 695 
6,000 5,237 3,917 
7n 7n 191 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,968 653 3,340 
5,172 3,564 3,661 
7,470 4,957 5,959 
9,807 5,199 6,144 

11,280 7,214 6,449 
11,280 8,082 6,614 
11,280 8,944 7,028 
11,280 10,217 8,266 
11,280 11,280 10,514 
11,280 11,280 11,280 
11,280 11,280 11,280 
9,806 7,723 7,398 



Water 
Year Oi:t Nov 

1922 1 0 
1923 3,873 3,959 
1924 0 (2) 
1925 0 0 
1926 0 (2) 
1927 0 3,959 
1928 0 3,959 
1929 1 (1) 
1930 (1) (1) 
1931 0 0 
1932 1 1 
1933 1 (1) 
1934 1 (1) 
1935 0 (1) 
1936 1 (1) 
1937 1 (1) 
1938 0 3,959 
1939 3,873 2,424 
1940 0 (2) 
1941 0 0 
1942 3,873 3,959 
1943 3,873 3,959 
1944 (1) 0 
1945 1 (1) 
1946 0 3,945 
1947 1 (1) 
1948 0 0 
1949 0 (1) 
1950 1 (2) 
1951 2 3,959 
1952 1 1,547 
1953 4,952 5,218 
1954 3,515 3,959 
1955 2 454 
1956 (2) 0 
1957 3,873 (1) 
1958 2,863 2,582 
1959 3,873 4,932 
1960 1 (1) 
1961 1 (1) 
1962 1 0 
1963 3,873 3,749 
1964 1,973 3,959 
1965 1 (1) 
1966 894 3,959 
1967 1 (2) 
1968 5,558 5,559 
1969 0 (2) 
1970 3,873 7,013 
1971 1 3,959 
1972 2,704 175 
1973 2 3,959 
1974 0 3,959 
1975 3,873 2,724 
1976 3,873 3,959 
19n 0 (1) 
1978 (1) 0 
1979 3,272 544 
1980 1 3,278 
1981 3,120 189 
1982 0 3,959 
1983 3,873 6,602 
1984 7,838 9,601 
1985 3,272 3,959 
1986 1 (1) 
1987 223 (2) 
1988 1 (1) 
1989 2 0 
1990 0 0 
1991 1 1 

Average 1,183 1,769 

Table A1-16a. Adjustments to DWRSIM Delta Exports 
for Cumulative Conditions: DeltaSOS Adjustments (cfs) 

. 
oec: Jan Feb Mar Apr May· Jun .··. Jul 

1,689 2,001 1,679 3,635 919 3,004 3,534 2 
2,822 5,009 0 1 714 535 (2) 1 

(1) 1 0 2 (1) 0 (3) (1) 
0 (2) 2,738 0 678 464 1 1 
1 830 2,738 (0) 282 2 0 0 

646 3,154 3,134 6,543 2,866 479 (1) 0 
946 2,726 3,003 5,930 808 1 1 1 

0 (1) (0) (1) 0 (1) (1) 0 
1 3,033 1 76 0 0 (1) 1 
0 (1) (1) 1 (1) 1 (1) (1) 

804 1,554 2,166 0 1 0 0 1 
(1) 0 (0) 0 0 0 0 0 
1 1,966 1 1 0 0 0 0 
0 2,737 (1) 1 2,866 0 (1) 1 
1 2,637 1,679 1 6n 541 (1) 1 

(1) (0) 1,679 2,462 920 (268) (1) 1 
3,149 2,149 6,058 7,305 4,998 5,817 4,643 0 
3,889 4,417 2,637 (1) 1 (1) (1) 1 

1 2,794 2,358 2,n4 2,866 1 1 0 
3,047 2,050 1,679 4,030 5,120 3,958 0 2 
6,786 7,182 6,726 4,155 3,211 3,000 (1) 1 
6,049 7,043 6.4n 7,300 1,655 (1) 1 0 

0 (1) 607 1,097 0 (1) (1) 1 
1,630 (1) 3,576 3,176 583 629 (1) 1 
2,979 2,532 0 0 584 (1) (0) 1 

(1) 0 0 1 0 0 0 0 
(1) 2 0 1 380 969 (0) 0 
0 (1) 0 2,962 553 0 0 (1) 

(1) 2,934 1,817 (1) 624 1 (1) 2 
2,647 1.n1 3,888 3,969 609 513 0 0 
3,196 1.n1 2,051 6,990 4,503 3,458 5,048 (1) 
6,812 9,682 5,786 2,157 625 392 (0) (1) 

0 5,883 6,360 6,113 2,818 0 0 2 
3,247 2,864 (0) 1 406 372 (0) 1 
3,199 1,n1 1,828 6,058 888 3,004 (1) 0 

(1) 0 6,208 6,830 0 451 0 1 
3,128 2,690 3,443 6,445 5,449 3,004 4,131 (1) 

663 7,341 8,767 1 0 (1) (1) 0 
1 (1) 2,391 (0) 1 0 (0) 1 

(2) (1) 2,815 (0) 1 0 0 0 
0 1 2,245 (0) (1) 0 0 1 

3,234 461 5,280 3,170 2,862 1,276 (0) 0 
(1) 3,241 0 1 0 (2) (1) 1 

3,192 1,n1 1,794 (1) 3,210 (1) (1) 1 
1,423 2.427 2,669 2,724 551 (1) (0) 1 
2,974 2,584 3,716 8,148 4,116 3,632 4,643 1,801 
5,480 10,261 9,665 7,735 0 (1) (1) 0 
3,251 2,127 2,868 7,853 5,033 7,210 4,617 (1) 
7,073 9,800 9,678 7,957 1 380 (1) 2 
3,089 2,882 0 4,310 534 1,125 (1) 0 
3,236 2,606 1,499 3,844 2 0 (1) 1 
3,250 2,927 2,118 6,664 648 513 1 0 
3,148 3,463 6,181 6,008 3,210 736 0 0 
3,731 4,041 8,482 6,856 937 2,136 0 (1) 

0 15 716 (0) 2 (1) 0 0 
1 0 0 1 0 1 0 1 
1 4,137 9,047 9,220 5,447 1,831 0 0 

(1) 3,793 6,664 5,194 636 527 (1) 1 
3,168 1,879 6,419 8,404 1,802 (256) 1 1 
3,584 7,182 3,484 5,612 1 (1) (1) 1 
3,283 2,485 2.ns 5,758 6,293 5,158 40 (1) 
6,564 8,393 9,872 9,552 8,306 8,627 7,221 7,104 
9,258 11,282 10,356 8,159 611 1,380 (1) 0 
2,792 3,997 210 (1) 322 (1) (1) 1 

347 2,453 1,679 4,253 5,943 (544) (1) (1) 
(1) 0 0 1,489 0 (1) (1) 0 
1 3,227 0 (1) 1 0 (2) (1) 
1 0 (0) 3,098 586 (1) (0) 1 
1 953 (1) 1 1 0 m 1 

(1) (1) 0 1 (1) 0 0 

1,849 2,699 2,881 3,086 1,395 915 484 128 

Total 
Aug Sep (TAF) 

0 1 992 
0 1 1,019 

(1) 0 (0) 
0 1 234 
0 0 232 
0 1 1,252 
0 0 1,047 
0 1 (0) 
2 (1) 187 
0 0 (0) 

(1) 0 273 
1 2 0 
1 (1) 119 

(1) 1 338 
(1) (1) 333 
0 0 289 
0 2,761 2.461 

(1) 2 1,039 
0 0 650 
1 1 1,198 
0 1 2,343 
1 1 2,191 
0 1 103 

(1) 0 578 
(1) 1 605 
0 0 0 
0 0 81 
0 0 212 
1 0 324 
1 1 1,046 
0 3,657 1,941 
0 0 2,146 
1 0 1,726 

(1) 1 443 
(1) 216 1,022 
0 1 1,046 

(1) 3,657 2,253 
(1) 1 1,541 
(1) 0 144 
1 0 170 
1 1 135 

(1) 1 1,440 
1 1 553 
1 1 601 
0 0 882 
0 3,657 2,125 

(1) 1 2,666 
(1) 3,657 2,206 
0 0 2,758 

(1) 1 958 
(1) 0 847 
(1) 1 1,210 
(1) 3,012 1,790 
(1) 746 2,020 
0 0 516 
0 0 0 
0 0 1,788 

(1) 1 1,243 
0 0 1,488 

(1) 1 1,396 
0 3,657 2,013 

3,978 6,512 5,218 
1 0 3,524 
1 0 an 
0 0 851 
0 0 103 
1 (1) 194 
0 (1) 222 

(1) 1 58 
0 (1) (0) 

57 451 1,018 



Water .. 
v-r Oct .Novt··. 

1922 6,551 6,936 
1923 14,900 14,900 
1924 8,063 7,486 
1925 8,500 6,640 
1926 9,170 6,930 
1927 8,909 14,900 
1928 9,387 14,900 
1929 6,854 8,670 
1930 7,525 5,920 
1931 5,125 4,536 
1932 6,132 5,385 
1933 5,086 5,070 
1934 4,431 3,666 
1935 4,288 7,523 
1936 7,317 6,838 
1937 6,716 6,435 
1938 7,040 14,900 
1939 14,900 13,169 
1940 8,282 6,314 
1941 8,071 7,372 
1942 14,900 14,900 
1943 14,900 14,900 
1944 9,710 10,399 
1945 8,970 10,940 
1946 10,559 14,886 
1947 8,226 8,383 
1948 9,681 7,999 
1949 11,027 9,194 
1950 9,169 7,074 
1951 11,029 14,900 
1952 9,089 12,488 
1953 14,900 13,105 
1954 14,542 14,900 
1955 7,851 11,395 
1956 7,992 1.n1 
1957 14,900 10,7n 
1958 13,890 13,523 
1959 14,900 12,910 
1960 9,000 6,800 
1961 8,733 8,171 
1962 8,463 6,874 
1963 14,900 14,690 
1964 13,000 14,900 
1965 7,201 10,359 
1966 11,921 14,900 
1967 8,719 10,670 
1968 14,900 13,200 
1969 9,074 8,545 
1970 14,900 14,900 
1971 9,055 14,900 
1972 13,731 11,116 
1973 10,115 14,900 
1974 10,863 14,900 
1975 14,900 13,665 
1976 14,900 14,900 
19n 5,434 6,432 
1978 4.414 3,326 
1979 14,299 11,485 
1980 7,829 14,219 
1981 14,147 11,130 
1982 8,382 14,900 
1983 14,900 14,900 
1984 14,900 14,900 
1985 14,299 14,900 
1986 8,727 7,911 
1987 11,250 8,934 
1988 6,588 6,113 
1989 4,629 5,403 
1990 5,470 3,927 
1991 4,666 3,855 

Average 9,968 10.424 

Table A1-16b. Adjustments to D WRSIM Delta Exports 
for Cumulative Conditions: DeltaSOS Adjusted Exports ( cfs) 

OiK: Jan Feb I .Mar. Apr·· May Jun Jul 

13,161 14,147 14,500 13,992 8,921 11,760 14,811 3,359 
14,500 14,500 4,073 6,095 8.428 6,801 6,526 11,288 
11,005 11,575 8,040 4,125 2,791 2,970 4,361 6.479 
8,870 7,295 14,500 7,948 7,380 5,650 6,543 11,288 
7,644 12,313 14,500 6,252 6,330 5,128 5,524 11,287 

11,840 14,500 14,500 14,500 10,960 8,523 6,457 7,379 
12,309 14,500 11,320 14,500 8,180 5,835 6,313 11,288 
10,447 9,695 8,462 4,050 3,042 3,207 5,705 9,560 
9,098 14,500 6,635 11,309 3,589 3,538 5,520 10,026 
5,711 10,046 6,381 4,263 3,169 2,668 4,266 5,067 

12,039 13,020 9,746 3,147 5,097 4,103 2,463 3.427 
6,015 11,380 7,285 4,810 3,759 3.490 5,464 4,369 
8,873 13.474 6,393 6,515 3,660 2,996 5,676 4,096 
8,069 14,500 6,331 10,529 10,960 8,356 7,231 11,288 
7,642 14,500 14,500 11,701 7,857 6,613 6.491 11,288 
9,922 11,101 14,500 14,500 8,946 6.490 5,820 6,809 

14,500 14,500 14,500 14,500 11,760 13,945 14,900 4,910 
11,623 11,036 7,754 5,393 4,175 3,873 5,615 11,288 
7,372 14,500 14,500 14,500 10,960 6,835 6,313 11,287 

14,500 14,500 14,500 14,500 13,162 11,760 8,448 3,053 
14,500 14,500 14,500 11,323 11,760 11,756 11,262 3,091 
14,500 14,500 14,500 14,500 10,204 6,754 6,042 6,754 
7,368 11.422 12,995 9,462 4,020 3,973 6,623 11,288 

13,050 11,286 14,500 11,699 6,465 5,685 7.467 9,097 
14,500 14,500 7,309 9,016 6.468 5,355 7,026 11,288 
11,303 10,935 10,454 8,217 4,338 3,896 5,432 11,287 
7,767 10,910 6,428 6,021 6,822 8,6n 8,266 11,287 
8,590 8,686 7,038 14,500 5.499 4,852 6,202 10,057 
6,629 14,500 13,579 8,644 6,552 5,395 7,001 11,289 

14,500 14,500 14,500 12,621 6,853 7,487 6,294 11,287 
14,500 14,500 14,500 14,500 11,760 11,760 14,900 8,453 
14,500 14,500 10,608 8,700 6,573 7,882 10,551 7,6n 
10,684 14,500 14,500 14,500 10,190 6,762 6,250 11,289 
14,500 14,500 9,443 4,525 3,940 4,310 6,550 11,288 
14,500 14,500 14,500 14,500 8.476 11,760 10,010 8.475 
7,451 11,375 14,500 14,500 5,786 6,047 6,742 11,288 

14,500 14,500 14,500 14,500 14,308 11,760 14,900 5,891 
8,456 14,500 14,500 6.425 3,764 3,927 5,923 11,287 

11,155 9,363 14,183 7,956 3,799 3,398 5,618 11,288 
10,868 9,055 14,500 7,300 3,571 3,408 5,568 11,287 
10,368 7,554 14,500 10,191 4,189 4,916 5,922 11,288 
14,500 11,924 14,500 11,844 10,960 9,632 7,036 10,061 
10,270 14,500 6,438 5,073 3,624 3,928 5,613 11,288 
14,500 14,500 13,760 8.486 11,760 8,673 6,321 11,288 
12,979 14,500 11,137 10,528 5,623 4,859 5,914 11,288 
14,500 14,500 14,500 14,500 11,760 11,760 14,900 12,576 
12,356 14,500 14,500 14,215 4,666 3,869 5,923 11,287 
14,500 14,500 14,500 14,500 11,760 14,900 14,217 6,5n 
14,500 14,500 14,500 14,500 5,991 5,086 6,267 11,289 
14,500 14,500 9,028 14,500 6,650 8,829 9,027 11,287 
14,500 13.497 9,972 12,287 4,580 3,924 5,869 11,288 
14,500 14,500 14,500 14,500 7.420 7,443' 7,787 11,110 
14,500 14,500 14,500 14,500 11,760 9,437 8,864 8,065 
13,625 11,681 14,500 14,500 9,203 10,892 10,439 9,669 
1"0,586 8.4n 9,184 6,038 3,072 3,267 5,896 7,623 
11,058 4,844 6,067 4,198 2,825 2,395 1,076 1,818 
10,813 14,500 14,500 14,500 11,760 8,527 6,613 2,839 
6,330 14,500 14,500 13,308 7,240 7,039 8,099 8,865 

14,500 14,500 14,500 14,500 8,064 6,516 5,682 3,233 
12,749 14,500 11,258 12,851 5,027 3,873 5,534 11,288 
14,500 14,500 14,500 14,500 14,900 14,900 11,317 8,588 
14,500 14,500 14,500 14,500 14,900 14,900 14,900 14,900 
14,500 14,500 14,500 14,500 6,881 6,484 6,663 10,505 
14,500 11,79,7 8,238 7.407 4,018 4,417 5,479 11,288 
11,667 13,863 14,500 14,500 14,291 6,810 6,321 6,446 
7,784 9,199 9,758 12,327 3,800 3,455 5,534 11,287 

11,176 14,500 6,370 4,723 2,965 3,114 5,766 7,320 
6,929 8,317 6,836 14,500 6,052 4,049 5,500 11,288 
7,842 12,208 6,075 4,469 3,621 2,804 5,803 7,331 
5,072 6,170 6,384 11,143 3,789 2,873 5.452 5,022 

11.479 12,759 11,671 10,752 7,249 6,614 7,326 9,026 

Total 
Aug Sep (TAF) 

4,4n 6,503 1.1n 
11,287 6,368 7,210 
4,893 3,592 4,542 
8,405 6,051 5,969 
7,966 5,969 5,966 
5,802 6,115 7.494 
7,563 6,299 7,374 
2,784 3,271 4,564 
3,390 5,195 5,196 

537 3,456 3,327 
3,448 5,359 4.420 

854 3.468 3,678 
671 3,537 3,855 

8,984 5,890 6,263 
6,950 5,971 6,487 
5,083 6,039 6,167 
4,730 14,004 8,687 
7,509 5,362 6,127 

10,233 6,245 7,070 
4.474 9,693 7.473 
4,4n 10,666 8,293 
5,055 5,999 7,749 
6,764 6,075 6,031 
5,882 6,359 6,712 
7,098 6,441 6,895 

11,287 6,380 6,033 
11,287 10,786 6,382 
5,789 6,545 5,903 

11,288 6,346 6,475 
9,072 6,610 7,812 
5,837 14,900 8,868 
5,864 8,801 7,451 
9,587 6,720 8,099 

11,286 7,615 6,459 
6,273 11.459 7,846 

11,287 7,039 7,332 
7,174 14,900 9,299 
7,940 6,959 6,717 

10,482 6,543 6,000 
9,615 6,601 5,945 
7,335 6,859 5,932 
6,060 8,197 8,092 

11,288 7,409 6,467 
6,993 6,518 7,252 

10,628 6,633 7,285 
5,927 14,900 8,990 
7,537 6,685 7,449 
5,359 14,900 8,636 
6,324 6,526 7,789 
6,639 10,062 1.n1 

11,286 7,294 7,190 
6,123 6,867 7,818 
6,912 14,255 8,619 
6,240 11,989 8,513 
3,547 4,042 5,515 

941 3,580 3,053 
4,473 8,219 6,295 
5,186 6,118 7,047 
4,873 10,445 7,161 
7,550 6,006 6,984 
8,123 14,900 9,279 

14,155 14,900 10,631 
5,857 10,243 8,100 

10,259 6,439 6,811 
5,051 8,075 7,119 
8,755 6,020 5,911 
4,886 3.497 4,640 

11,287 6,500 5,500 
5,020 3,858 4,123 
4,228 4,543 3,808 

6,889 7,552 6,730 



· Water: 

Year 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

Table Al-17. DeltaSOS Mean Annual Simulation Output for the 
No-Project Cumulative Conditions 
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2 
3 
5 
4 
4 
1 
2 
5 
4 
5 
4 
5 
5 
3 
3 
3 
1 
4 
2 
1 
1 
1 
4 
3 
3 
4 
3 
4 
3 
2 
1 
1 
2 
4 
1 
2 
1 
3 
4 
4 
3 
1 
4 
1 
3 
1 
3 
1 
1 
1 
3 
2 
1 
1 
5 
5 
2 
3 
2 
4 
1 
1 
1 
4 
1 
4 
5 
4 
5 
5 

1 
2 
5 
3 
4 
2 
3 
5 
5 
5 
2 
4 
5 
2 
2 
1 
1 
4 
2 
1 
1 
1 
3 
2 
2 
4 
3 
3 
3 
2 
1 
3 
3 
4 
1 
3 
1 
4 
5 
5 
3 
2 
4 
1 
3 
1 
4 
1 
2 
3 
4 
2 
1 
1 
5 
5 
1 
2 
1 
4 
1 
1 
2 
4 
1 
5 
5 
5 
5 
5 

0 15,237 
0 14,489 
0 8,586 
0 12,064 
0 11,614 
0 19,015 
0 18,455 
0 8,696 
0 10,768 
o 6,n5 
0 8,618 
0 7,535 
0 8,173 
0 12,496 
0 13,335 
0 12,426 
0 28,179 
0 10,712 
0 17,638 
0 23,780 
0 25,353 
0 20,972 
0 11,388 
0 12,566 
o 16,1n 
0 10,949 
0 13,098 
0 11,993 
0 12,811 
0 21,672 
0 28,323 
0 18,839 
0 19,873 
0 11,447 
0 21,768 
0 15,092 
0 26,266 
0 14,716 
0 11,339 
0 11,459 
0 12,372 
0 20,611 
0 12,397 
0 19,519 
0 13,901 
0 22,181 
0 15,971 
0 23,660 
0 21,543 
0 20,939 
0 13,210 
0 19,810 
0 29,264 
0 20,440 
0 10,456 
0 6,824 
0 16,859 
0 13,993 
0 18,292 
0 13,093 
0 29,591 
o 35,5n 
0 23,213 
0 13,038 
0 18,958 
0 10,952 
0 9,416 
0 11,782 
0 8,675 
0 8,612 

0 15,998 

1,682 
1,663 

820 
1,213 
1,107 
1,663 
1,244 

820 
816 
790 

1,244 
1,004 

820 
1,4n 
1,663 
1,682 
1,759 
1,004 
1,585 
1,759 
1,759 
1,759 
1,140 
1,507 
1,507 
1,056 
1,140 
1,140 
1,192 
1,663 
1,759 
1,295 
1,295 
1,004 
1,759 
1,244 
1,759 
1,159 

846 
842 

1 '110 
1,585 
1,056 
1,759 
1,244 
1,759 
1,211 
1,759 
1,585 
1,295 
1,107 
1,663 
1,759 
1,682 

820 
790 

1,729 
1,585 
1,759 
1,159 
1,759 
1,759 
1,585 
1,107 
1,682 

846 
790 
842 
790 
816 

1,329 

0 
73 

4 
29 

0 
71 
30 

2 
28 

2 
0 
0 
4 
0 

80 
56 

0 
0 

78 
0 
0 

78 
45 
n 

0 
50 

3 
49 

0 
80 

0 
0 

29 
0 
0 

27 
1 

69 
30 
40 
45 

0 
36 
80 
49 

0 
49 

0 
74 

0 
0 

78 
2 
0 
9 
0 
0 

78 
0 

49 
3 
0 

74 
50 

0 
16 

6 
31 

4 
37 

3,037 
2,564 
1,264 
1,491 
1,511 
1,963 
1,736 
1,306 
1,168 
1,257 
1,655 
1,388 
1,205 
2,051 
2,221 
2,860 
5,428 
1,695 
1,973 
3,6n 
2,986 
3,229 
1,688 
2,321 
2,071 
1,607 
1,421 
1,472 
1,532 
2,663 
3,023 
1,965 
1,601 
1,365 
3,270 
1,812 
3,397 
1,800 
1,247 
1,179 
1,530 
1,934 
1,394 
2,404 
2.011 
3,304 
1,709 
5,442 
3,357 
1,732 
1,515 
2,252 
2,240 
2,310 
1,169 
1,016 
2,267 
2,378 
4,818 
1,962 
5,389 

15,726 
6,524 
1,909 
4,814 
1,661 
1,020 
1,036 

944 
995 

4,804 
4,395 
2,261 
3,509 
3,338 
6,229 
6,051 
2,314 
3,052 
1,651 
2,274 
1,931 
2,172 
3,700 
3,996 
3,671 
9,982 
3,007 
5,687 
8,157 
8,822 
6,984 
3,253 
3,714 
5,102 
3,089 
3,868 
3,503 
3,n4 
7,244 
9,970 
6,162 
6,490 
3,263 
7,335 
4,642 
9,182 
4,523 
3,228 
3,280 
3,632 
6,8n 
3,615 
6,453 
4,172 
7,439 
5,020 
8,066 
7,316 
6,908 
3,920 
6,529 

10,392 
6,784 
2,943 
1,703 
5,405 
4,235 
6,032 
3,885 

10,473 
12,980 
7,985 
3,861 
6,463 
3,102 
2,563 
3,442 
2,288 
2,286 

26 2,427 5,091 

0 
0 

32 
0 
0 
0 
0 

42 
0 

91 
0 

97 
66 
29 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

36 
31 

0 
0 
0 
0 
0 
0 
0 
0 
0 

38 
31 
52 
29 

949 
1,567 
1,115 
1,438 
1,419 
1,355 
1,4n 
1,147 
1,269 

875 
1,142 

908 
916 

1,301 
1,365 
1,290 
1,057 
1,498 
1,469 
1,370 
1,151 
1,426 
1,423 
1,386 
1,435 
1,438 
1,630 
1,421 
1,525 
1,526 
1,183 
1,240 
1,575 
1,488 
1,499 
1,623 
1,243 
1,536 
1,455 
1,434 
1,418 
1,184 
1,540 
1,378 
1,502 
1,144 
1,525 
1,543 
1,506 
1,583 
1,524 
1,487 
1,580 
1,674 
1,324 

821 
1,187 
1,449 
1,267 
1,436 
1,562 
1,050 
1,190 
1,485 
1,300 
1,383 
1,161 
1,324 
1,143 
1,072 

8 1,347 

3,631 
4,039 
2,902 
3,630 
3,554 
4,501 
4,542 
2,939 
3,310 
2,453 
2,924 
2,579 
2,658 
3,554 
3,727 
3,547 
5,533 
3,498 
4,408 
5,188 
5,211 
4,820 
3,528 
3,653 
4,178 
3,480 
3,917 
3,616 
3,793 
5,004 
5,647 
4,362 
4,n8 
3,587 
5,011 
4,175 
5,417 
4,064 
3,546 
3,545 
3,656 
4,566 
3,756 
4,592 
3,913 
4,729 
4,226 
5,297 
5,006 
4,932 
3,842 
4,717 
6,144 
4,962 
3,307 
2,391 
4,063 
3,884 
4,358 
3,756 
6,157 
6,551 
4,958 
3,790 
4,534 
3,437 
3,048 
3,490 
2,939 
2,863 

4,090 

11,586 
10,425 

5,437 
9,040 
8,157 

17,527 
14,653 
5,573 
7,368 
4,103 
5,630 
4,753 
5,386 
9,935 

10,821 
8,936 

31,093 
6,983 

17,640 
27,629 
25,051 
17,571 
7,790 
9,005 

13,192 
7,285 
8,948 
8,292 
8,851 

18,363 
24,889 
16,711 
15,551 
7,n5 

24,852 
11,044 
29,612 
10,754 
7,825 
7,844 
9,182 

18,800 
8,495 

19,247 
10,033 
19,913 
12,181 
23,945 
24,373 
16,920 
9,253 

18,433 
30,030 
16,153 

6,917 
4,233 

15,113 
10,011 
19,356 
9,162 

30,065 
42,561 
22,157 

9,191 
23,167 

7,300 
6,236 
8,090 
5,561 
5,552 

13,793 

799 
440 

(1 ,155) 
(692) 

(1 ,062) 
187 

~ml (1,046 
(312 
283 

(350) 
(447) 
(397) 
111 
780 

5,880 
(535) 

75 
2,926 
2,769 
3,244 

(1,189! (269 
(90 

(1,609 

~1,45~ 1,064 
1,185 
1,932 
2,938 

742 
(551) 

(1 ,441) 
2,350 

(765) 
2,997 

88 
(1,67~ 
(1 ,739 

(97 
(43) 

(1 ,394) 
734 
(984) 

1,922 
681 

5,665 
3,727 
(210) 

(1 ,574) 
970 

2,113 
894 

(1 ,287) 
(453) 

2,146 
330 

4,215 
(461) 

6,928 
21,566 
8,203 

(615) 
4,966 

(1 ,295) 
(986) 

(1~~ 

862 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: l=wet, 2=above normal, 3=below normal, 4=dry, 5=criticallydry 
Negative values shown in parentheses. 



Table A1-17. Continued 

:.:: . :· Reduced •. • · Initial. . . Initial .. ·· Required ReViSed Reduced / .... Rec:loe8c Net ..••.• Adi!J!i~ F!caViSed : •ReVISed .: 
.. ':>:::-: El(partfQr Collinsville Chipps Delta Mi:intez. .Export felr 'IT~J:( .o.Expart:o c~se•·'· 

.·J"otal QWEST cc)Jtins\rille 
water·· ···awesr· · ()utlfow •OIJtllow• Outflow >Aow. ·· Outflow• forUm~ ·.export Flow .·· outflow 

•···: · .... : 
.. 

: Year •.. ··· (TAF) (fA F) . .. (l'AF) •·• (TAf} ·. ···crAft (rAF). (TAF)• . (fAF)• . (TAF) :-:.-:: (J"Af)• •:::: . {TAF) 

1922 0 12,296 11,366 6,103 930 0 8,364 0 992 7,1n ~193) 11 .. 304 
1923 0 1o.na 9,892 5,833 886 0 9,521 0 1,019 7,210 579~ 9,759 
1924 0 4,155 3,351 4,063 804 1 5,401 0 (0) 4,542 (1 ,154 4,155 
1925 0 8,267 7,406 5,195 861 0 7,312 0 234 5,969 (926~ 8,033 
1926 0 6,997 6,151 5,006 847 0 6,923 0 232 5,966 ~1,294 6,765 
1927 0 17,631 16,661 6,980 969 0 10,720 0 1,252 7,494 1,065 16,379 
1928 0 14,252 13,331 6,665 921 0 10,032 0 1,047 7,374 (1,34~ 13,205 
1929 0 4,548 3,735 4,418 812 0 5,435 0 (0) 4,564 (911 4,548 
1930 0 6,220 5,389 5,052 831 0 6,182 0 187 5,196 (1,233 6,033 
1931 0 3,6n 2,8n 3,657 800 0 4,306 0 (0) 3,327 (312 3,6n 
1932 0 5,825 4,994 5,190 830 0 5,625 0 273 4,420 10 5,552 
1933 0 4,288 3,478 4,050 810 0 4,694 0 0 3,678 (351~ 4,288 
1934 0 4,829 4,014 4,532 815 0 4,803 0 119 3,855 (566 4,710 
1935 0 9,453 8,560 6,455 893 0 7,413 0 338 6,263 ~:~ 9,115 
1936 0 10,852 9,969 6,248 883 0 8,419 0 333 6,487 10,518 
1937 0 9,641 8,767 5,287 874 0 7,752 16 289 6,167 491 9,352 
1938 0 36,915 35,711 8,125 1,204 0 18,482 0 2,461 8,687 3,419 34,455 
1939 0 6,328 5,496 4,357 832 0 6,865 0 1,039 6,127 (1 ,574~ 5,289 
1940 0 17,651 16,673 7,246 979 0 10,409 0 650 7,070 (575 17,001 
1941 0 30,504 29,379 7,010 1,125 0 16,412 0 1,198 7,473 1,727 29,305 
1942 0 27,745 26,663 6,671 1,081 0 16,125 0 2,343 8,293 425 25,401 
1943 0 20,726 19,743 7,309 983 0 13,363 0 2,191 7,749 1,053 18,536 
1944 0 6,496 5,662 4,952 834 0 6,788 0 103 6,031 

(1,1 
6,394 

1945 0 8,639 7,782 s.2n 858 0 7,966 0 578 6,712 ~:s 8,062 
1946 0 12,995 12,095 6,279 899 0 11,206 0 605 6,895 12,390 
1947 0 5,558 4,732 5,072 827 0 6,751 0 0 6,033 (1,609 5,558 
1948 0 7,384 6,519 5,487 865 0 7,141 0 81 6,382 

r·536~ 
7,303 

1949 0 7,117 6,275 4,921 843 0 6,947 0 212 5,903 1,275 6,906 
1950 0 7,554 6,701 5,599 853 0 7,295 0 324 6,475 1,509 7,230 
1951 0 20,212 19,240 6,326 972 0 14,970 0 1,046 7,812 886 19,166 
1952 0 27,760 26,641 7,985 1,119 0 15,787 0 1,941 8,868 997 25,819 
1953 0 17,350 16,395 6,080 955 0 12,676 0 2,146 7,451 (1 ,405) 15,204 
1954 0 14,884 13,944 7,021 940 0 10,339 0 1,726 8,099 ~2,278~ 13,158 
1955 0 6,231 5,397 5,051 833 0 7,342 0 443 6,459 1,884 5,788 
1956 0 27,133 26,075 6,221 1,058 0 17,795 0 1,022 7,846 1,328 26,111 
1957 0 10,171 9,291 5,661 880 0 8,552 0 1,046 7,332 (1 ,811) 9,125 
1958 0 32,566 31,393 7,267 1,173 0 16,086 0 2,253 9,299 744 30,313 
1959 0 10,730 9,856 5,294 874 0 8,800 0 1,541 6,717 (1 ,453) 9,189 
1960 0 6,038 5,206 5,203 832 0 6,803 0 144 6,000 r·81~ 5,894 
1961 0 5,995 5,164 5,097 830 0 6,750 0 170 5,945 1,908 5,825 
1962 0 8,109 7,257 5,063 852 0 7,528 0 135 5,932 1 '111 7,974 
1963 0 18,682 17,669 7,329 1,012 0 11 '162 0 1,440 8,092 ~1,~ 17,242 
1964 0 6,984 6,145 5,143 839 0 7,804 0 553 6,467 1,94 6,431 
1965 0 19,887 18,896 6,670 991 0 14,496 0 601 7,252 133 19,286 
1966 0 8,940 8,078 5,602 862 0 8,613 0 882 7,285 (1,867) 8,057 
1967 0 21,n4 20,726 7,553 1,048 0 13,108 0 2,125 8,990 (203~ 19,649 
1968 0 12,753 11,860 5,557 894 0 9,256 0 2,666 7,449 (1,985 10,087 
1969 0 29,543 28,420 7,967 1,123 0 16,813 0 2,206 8,636 3,459 27,337 
1970 0 28,011 26,973 5,637 1,038 0 18,655 0 2,758 7,789 969 25,253 
1971 0 16,614 15,663 7,094 951 0 12,449 0 958 1.n1 ~1 ,168~ 15,656 
1972 0 7,556 6,710 5,409 846 0 7,849 0 847 7,190 2,421 6,709 
1973 0 19,352 18,386 6,821 966 0 12,919 0 1,210 7,818 (240) 18,142 
1974 0 32,058 30,933 6,944 1,125 0 19,746 0 1,790 8,619 323 30,268 
1975 0 16,950 15,990 6,627 960 0 10,903 0 2,020 8,513 (1 ,125) 14,930 
1976 0 5,503 4,682 4,416 821 0 6,343 0 516 5,515 (1 ,803~ 4,987 
19n 0 3,657 2,858 3,657 799 0 4,264 0 0 3,053 (453 3,657 
1978 0 17,20~ 16,242 7,933 962 0 10,117 0 1,788 6,295 358 15,415 
1979 0 10,250 9,372 5,844 878 0 8,242 0 1,243 7,047 (913) 9,007 
1980 0 23,499 22,497 6,568 1,001 0 14,443 15 1,488 7,161 2,727 22,011 
1981 0 8,587 7,733 5,109 855 0 7,849 0 1,396 6,984 (1 ,857) 7,191 
1982 0 36,948 35,709 7,099 1,239 0 20,240 0 2,013 9,279 4,916 34,935 
1983 0 64,116 62,564 6,197 1,552 0 31,346 0 5,218 10,631 16,348 58,898 
1984 0 30,260 29,197 5,676 1,062 0 20,548 0 3,524 8,100 4,679 26,736 
1985 0 8,476 7,623 5,068 853 0 8,383 0 an 6,811 (1 ,492) 7,600 
1986 0 28,078 27,026 6,155 1,052 0 14,333 33 851 7,119 4,115 27,227 
1987 0 5,888 5,059 4,819 829 0 6,602 0 103 5,911 ~1 ,398~ 5,785 
1988 0 5,142 4,325 4,505 817 0 5,648 0 194 4,640 1,180 4,948 
1989 0 6,644 5,801 . 4,816 843 0 6,313 0 222 5,500 (1~?:~ 6,422 
1990 0 4,615 3,801 4,506 814 0 5,037 0 ~) 4,123 4,557 
1991 0 4,853 4,038 4,088 816 0 4,808 0 3,808 sse( 4,853 

Average 0 14,562 13,631 5,802 930 0 10,291 1 1,018 6,730 (156) 13,544 



1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

276 
1,512 

0 
597 
201 

1,964 
1,823 

0 
85 

0 
0 
0 
0 

335 
1,139 

657 
7,361 

203 
2,037 
5,154 
4,079 
3,663 

0 
656 

1,793 
0 
0 

254 
21 

4,503 
4,681 
1,918 
1,496 

319 
4,550 

361 
5,027 
1,191 

0 
45 

679 
2,088 

756 
2,633 

726 
3,092 
1,224 
5,106 
4,600 
2,192 

76 
3,238 
5,056 
1,805 

131 
0 

2,135 
488 

4,573 
271 

7,155 
19,190 
7,825 
1,002 
5,487 

0 
218 
24 

0 
0 

1,995 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

TableA~-17. Continued 

o 1.1n 
0 7,210 
0 4,542 
0 5,969 
0 5,966 
0 7,494 
0 7,374 
0 4,564 
0 5,196 
0 3,327 
0 4,420 
0 3,678 
0 3,855 
0 6,263 
0 6,487 
0 6,167 
0 8,687 
0 6,127 
0 7,070 
0 7,473 
0 8,293 
0 7,749 
o 5;031 
0 6,712 
0 6,895 
0 6,033 
0 6,382 
0 5,903 
0 6,475 
0 7,812 
0 8,868 
0 7,451 
0 8,099 
0 6,459 
0 7,846 
0 7,332 
0 9,299 
0 6,717 
0 6,000 
0 5,945 
0 5,932 
0 8,092 
0 6,467 
0 7,252 
0 7,285 
0 8,990 
0 7,449 
0 8,636 
0 7,789 
o 1.n1 
0 7,190 
0 7,818 
0 8,619 
0 8,513 
0 5,515 
0 3,053 
0 6,295 
0 7,047 
0 7,161 
0 6,984 
0 9,279 
0 10,631 
0 8,100 
0 6,811 
0 7.119 
0 5,911 
0 4,640 
0 5,500 
0 4,123 
0 3,808 

0 6,730 

(193~ (579 
(1 ,154 

(926~ 1,294 ~1,065 
(911 (1,34~ 

(1,233 
(312 

10 
(351) 
(566) 

~~~ 
491 

3,419 
(1,574) 

(575) 
1,727 

425 
1,053 

(1,29~ 
~: 

(1,609 

~1 ,536~ 1,275 
1,509 

886 
997 

(1,405) 
(2,278) 
(1 ,884) 
1,328 

(1 ,811) 
744 

(1 ,453) 

~1,81~ 1,908 
1 '111 

(1 ,484) 
(1 ,947) 

133 
(1,867) 

(203) 
(1 ,985) 
3,459 

969 
(1,168) 
(2,421) 

(240) 
323 

(1 '125) 
(1,803) 

(453) 
358 

(913) 
2,727 

(1 ,857) 
4,916 

16,348 
4,679 

(1,492) 
4,115 

(1 ,398) 
(1,180) 
(1,556~;f\ (894 

(589 

(156) 

11,304 
9,759 
4,155 
8,033 
6,765 

16,379 
13,205 

4,548 
6,033 
3,6n 
5,552 
4,288 
4,710 
9,115 

10,518 
9,352 

34,455 
5,289 

17,001 
29,305 
25,401 
18,536 
6,394 
8,062 

12,390 
5,558 
7,303 
6,906 
7,230 

19,166 
25,819 
15,204 
13,158 
5,788 

26,111 
9,125 

30,313 
9,189 
5,894 
5,825 
7,974 

17,242 
6,431 

19,286 
8,057 

19,649 
10,087 
27,337 
25,253 
15,656 
6,709 

18,142 
30,268 
14,930 
4,987 
3,657 

15,415 
9,007 

22,011 
7,191 

34,935 
58,898 
26,736 

7,600 
27,227 

5,785 
4,948 
6,422 
4,557 
4,853 

13,544 

2,761 
2,612 
1,629 
2,398 
2,307 
4,419 
3,838 
1,585 
2,104 
1,054 
1,309 
1,218 
1,433 
2,546 
2,592 
1,929 
6,176 
2,121 
4,292 
5,899 
5,706 
3,766 
2,221 
2,365 
3,293 
2,203 
2,567 
2,333 
2,536 
4,003 
5,490 
4,336 
4,339 
2,403 
5,3n 
3,142 
6,670 
2,962 
2,393 
2,427 
2,489 
4,847 
2,590 
4,445 
2,924 
4,706 
3,462 
4,498 
5,378 
4,310 
2,916 
4,372 
6,899 
4,118 
2,178 
1,129 
3,411 
2,620 
3,657 
2,718 
5,468 
4,798 
3,699 
2,610 
4,111 
2,140 
1,823 
2,374 
1,5n 
1,479 

3,264 

1,587 
1,369 

825 
852 
an 

1,038 
996 
851 
764 
831 
943 
853 
805 

1,100 
1,192 
1,494 
3,087 

995 
1,046 
2,157 
1,534 
1,611 

984 
1,254 
1,135 

958 
806 
842 
866 

1,430 
1,548 
1,084 

908 
839 

1,711 
964 

2,019 
997 
802 
763 
892 

1,021 
869 

1,246 
1,110 
1,729 

943 
3,097 
1,632 

993 
902 

1,204 
1,154 
1,176 

755 
676 

1,158 
1,220 
2,567 
1,068 
3,355 
9,324 
3,669 
1,103 
2,756 

919 
685 
646 
633 
634 

1,369 

2,568 
2,033 

475 
1,471 
1,013 
3,355 
2,491 

673 
871 
743 

1,320 
867 
867 

1,812 
2,370 
2,420 
9,596 

547 
3,717 
7,627 
6,132 
4,819 

929 
1,518 
2,598 

593 
1,031 
1,057 
1,027 
4,889 
6,486 
2,931 
2,061 

519 
6,705 
1,331 
7,414 
1,509 

576 
518 

1,378 
3,364 

644 
4,578 
1,057 
4,503 
1.4n 
7,957 
6,347 
3,142 

495 
4,132 
7,222 
2,993 

374 
676 

3,769 
1,707 
6,384 

861 
10,384 
21,146 
8,378 
1,118 
8,225 

742 
643 
817 
682 
890 

3,108 



Table A1-18. Monthly Percentiles for DeltaSOS Simulations 
for the No-Project Cumulative Conditions 

Added Sacramento River inflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Sacramento River inflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 7,061 6,109 9,315 8,254 11,098 10,037 8,048 6,120 6,807 

10 8,521 8,705 11,222 12,430 13,896 12,393 9,755 8,869 13,397 
20 10,336 10,557 12,482 13,398 15,973 14,909 11,824 10,598 13,747 
30 11,298 11,141 14,318 15,674 19,556 19,999 12,871 10,927 14,216 
40 12,599 12,398 15,340 17,189 26,157 22,470 13,660 12,536 14,576 
50 13,235 14,986 15,966 23,855 33,032 29,013 16,641 14,307 15,378 
60 14,049 16,748 17,880 27,227 38,969 32,372 19,089 15,112 15,853 
70 16,315 18,590 26,185 34,299 50,420 38,408 21,535 19,632 17,456 
80 20,271 21,117 32,528 47,425 61,379 47,850 37,669 30,496 20,583 
90 22,815 31,259 57,571 66,163 70,537 65,427 45,150 41,227 26,443 

100 29,964 64,593 85,103 91,517 108,473 97,768 78,803 60,752 51' 139 
Mean 14,883 17,738 24,595 30,990 38,331 34,402 22,815 19,n5 18,021 

Required San Joaquin River flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 1,000 900 900 900 900 900 2,005 2,005 900 

10 1,000 900 900 900 900 900 2,005 2,005 900 
20 1,500 900 900 900 900 1,330 2,435 2,435 900 
30 1,500 900 900 900 1,420 1,420 3,641 2,720 1,420 
40 1,500 900 900 900 1,420 2,280 3,880 3,880 1,420 
50 1,500 900 900 900 2,130 2,280 3,880 3,880 2,130 
60 1,500 900 900 900 2,280 3,420 5,220 5,220 2,280 
70 1,500 900 900 900 3,420 3,420 5,220 5,220 3,420 
80 1,500 900 900 900 3,420 3,420 6,020 6,020 3,420 
90 1,500 900 900 900 3,420 3,420 6,020 6,020 3,420 

100 1,500 900 900 900 3,420 3,420 6,020 6,020 3,420 
Mean 1,407 900 900 900 2,167 2,425 4,261 4,153 2,253 

Additional San Joaquin River inflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 13 55 0 
90 44 0 0 0 0 0 445 485 1,217 

100 44 - 0 0 108 550 0 833 1,231 1,289 
Mean 7 0 0 2 8 0 89 113 202 

New San Joaquin River flow at Vernalis (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 1,456 1,114 1,018 900 900 1,168 2,005 2,005 1,420 

10 1,500 1.410 1,254 1,185 1,507 1,424 2,005 2,005 1,786 
20 1,500 1,689 1,494 1,620 2,280 1,735 2,435 2,435 1,810 
30 1,558 1,886 1,661 1,757 2,372 2,280 3,641 2,766 1,822 
40 1,695 2,032 1,915, 2,086 2,830 2,280 3,988 3,880 1,870 
50 1,826 2,287 2,145 2,460 3,421 2,288 3,988 3,933 2,280 
60 1,975 2,393 2,291 2,876 3,737 3,420 5,343 5,220 2,819 
70 2,000 2,541 2,509 3,164 4,926 3,420 5,343 5,279 3,420 
80 2,763 2,687 3,044 4,199 5,974 4,083 6,195 6,105 3,426 
90 3,954 2,938 3,667 5,597 8,381 8,398 6,195 6,105 6,759 

100 16,954 11,669 19,380 23,241 35,143 42,741 30,300 27,493 30,126 
Mean 2,500 2,462 2,n3 3,540 4,871 4,753 5,358 5,048 3,580 

Note: Negative values shown in parentheses. 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
8,808 5,799 7,127 

12,587 8,916 7,402 
14,209 10,687 9,332 
16,305 11,3n 9,951 
17,952 12,298 10,418 
20,715 12,690 10,674 
20,917 13,531 11,337 
21,204 15,120 11,470 
21,494 17,359 14,725 
22,569 19,130 18,106 
23,363 20,168 24,376 
18,504 13,419 12,052 

Jul Aug Sep 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 
900 900 900 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 61 305 
0 1 6 

Jul Aug Sep 
973 900 900 

1,288 961 1,015 
1,539 989 1,049 
1,670 1,021 1,109 
1,675 1,132 1,155 
1,685 1,473 1,210 
1,717 1,670 1,336 
1,831 1,888 1,573 
1,974 1,960 1,850 
2,080 2,135 2,814 

18,015 6,171 10,520 
2,155 1,538 1,698 



Table A~-18. Continued 

Sutter and Steamboat Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 1,235 1,202 2,528 2,109 3,208 2,806 2,026 1,207 1,193 1,616 1,067 1,247 

10 1,545 2,289 3,255 3,705 4,245 3,691 2,698 2,354 3,018 2,746 1,644 1,299 
20 2,037 3,004 3,724 4,062 5,005 4,616 3,480 3,020 3,138 3,297 2,142 1,753 
30 2,330 3,225 4,400 4,896 6,316 6,479 3,868 3,144 3,300 4,042 2,354 1,925 
40 2,750 3,693 4,774 5,450 8,768 7,391 4,159 3,744 3,426 4,642 2,650 2,061 
50 2,963 4,645 5,003 7,906 11,396 9,850 5,249 4,396 3,709 5,667 2,780 2,138 
60 3,242 5,288 5,702 9,172 13,728 11,140 6,145 4,691 3,879 5,743 3,064 2,342 
70 4,045 5,962 8,779 11,888 18,384 13,505 7,045 6,344 4,460 5,850 3,617 2,384 
80 5,502 6,891 11,200 17,148 23,011 17,323 13,213 10,417 5,618 5,959 4,425 3,478 
90 6,454 10,710 21,386 25,078 26,989 24,758 16,217 14,631 8,876 6,361 5,077 4,699 

100 10,213 24,397 33,495 36,422 44,317 39,307 30,656 22,743 18,683 6,659 5,463 7,040 
Mean 3,683 5,696 8,402 10,936 13,842 12,270 7,686 6,485 4,853 4,875 3,105 2,666 

Delta Cross Channel flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 3,345 2,172 2,057 

10 2,268 0 0 0 0 0 0 0 0 4,310 3,378 2,333 
20 3,706 0 0 0 0 0 0 0 4,467 4,643 3,868 3,502 
30 3,899 0 0 0 0 0 0 0 4,537 5,034 4,037 3,675 
40 4,177 0 0 0 0 0 0 0 4,645 5,319 4,247 3,799 
50 4,396 0 0 0 0 0 0 0 4,694 5,771 4,333 3,865 
60 4,569 0 0 0 0 0 0 0 4,863 5,803 4,508 4,027 
70 4,791 0 0 0 0 0 0 0 4,942 5,848 4,818 4,059 
80 5,421 0 0 0 0 0 0 0 5,117 5,894 5,218 4,743 
90 6,020 0 0 0 0 0 0 0 5,737 6,062 5,515 5,345 

100 6,345 0 0 0 0 0 0 0 6,429 6,185 5,683 6,341 
Mean 4,270 0 0 0 0 0 0 0 4,332 5,369 4,387 4,002 

Delta Cross Channel & Georgiana Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 3,887 1,992 2,413 2,276 2,640 2,506 2,249 1,994 4,067 5,057 3,445 3,763 

10 4,345 2,335 2,655 2,807 2,989 2,802 2,470 2,356 5,657 6,450 5,104 4,023 
20 5,571 2,571 2,813 2,927 3,248 3,115 2,731 2,577 6,703 6,946 5,803 5,279 
30 5,848 2,645 3,042 3,211 3,697 3,753 2,862 2,618 6,809 7,539 6,048 5,527 
40 6,254 2,803 3,169 3,400 4,545 4,068 2,960 2,820 6,948 7,979 6,357 5,704 
50 6,577 3,125 3,247 4,246 5,462 4,922 3,331 3,040 7,054 8,686 6,483 5,799 
60 6,835 3,345 3,486 4,686 6,279 5,373 3,638 3,141 7,282 8,737 6,744 6,034 
70 7,169 3,575 4,549 5,635 7,910 6,201 3,948 3,707 7,415 8,809 7,210 6,080 
80 8,137 3,895 5,394 7,477 9,526 7,538 6,098 5,120 7,848 8,882 7,823 7,097 
90 9,081 5,223 8,959 10,245 10,908 10,134 7,151 6,595 8,634 9,149 8,284 8,019 

100 9,601 10,008 13,153 14,157 16,843 15,142 12,176 9,433 9,735 9,345 8,549 9,595 
Mean 6,683 3,497 4,434 5,313 6,322 5,774 4,186 3,772 7,164 8,073 6,589 6,080 

Sacramento River flow at Rio Vista (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug_ Sell_ 
0 2,953 4,089 6,740 6,042 8,592 7,418 5,496 4,319 1,994 2,906 1,675 2,941 

10 3,705 6,207 8,441 9,927 10,978 9,634 7,016 5,990 5,807 5,515 3,226 2,957 
20 4,408 7,857 9,545 10,788 12,944 11,705 8,982 7,677 6,092 6,265 4,197 3,621 
30 5,117 8,492 11,261 12,575 16,117 16,549 9,852 7,924 6,481 7,766 4,642 3,992 
40 5,926 9,475 12,520 14,429 23,651 20,796 10,464 9,184 6,771 9,072 5,387 4,308 
50 6,535 12,227 12,891 20,909 28,856 24,838 13,056 10,759 7,197 11,094 5,884 4,635 
60 6,960 13,337 14,281 24,113 39,701 27,217 15,832 11,813 7,589 11,178 6,376 5,068 
70 8,623 14,780 21,605 31,283 49,850 33,893 18,356 15,423 8,705 11,515 7,521 5,636 
80 11,520 17,656 39,472 53,373 63,284 48,640 35,917 24,958 11,103 11,690 8,856 7,196 
90 13,457 26,189 60,815 90,087 102,991 79,036 56,006 35,056 20,983 12,792 10,253 9,773 

100 33,546 59,943 119,018 171,272 182,736 188,332 103,086 50,877 43,121 13,014 11,291 14,422 
Mean 8,152 14,567 24,121 34,262 43,101 35,247 22,163 15,764 10,077 9,535 6,269 5,674. 

QWEST Flow with initial exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 4,063 6,213 [7, 116 6,374 4,446 (3,380 399 (424) (5,589) 4,023 3,950 (3,113 

10 1,864 5,670 6,034 5,310 2,794 (1 ,987 578 (98) 319 3,591 3,475 (1 ,612 
20 1,528 5,019 5,306 4.581 1,707: (1,154 853 69 507 3,549 2,471 (1 ,195 
30 1,409 4,388 4,674 4,291 1,160 (861 1,316 160 574 3,367 1,657 841 
40 1,093 3,728 4,266 3,460 303 (542 1,487 377 611 3,024 (710 (7_25 
50 (835 3,364 3,821 2,509 1,914 369 1,858 773 706 2,723 (207 578 
60 (446 2,986 3,255 (969 4,225 2,114 2,231 987 824 1,759 150 440 
70 (6 2,672 2,125 1,041 7,201 3,977 2,616 1,317 1,052 (380 480 371 
80 165 2,422 1,605 6,408 11,209 10,138 5,595 2,132 1,629 465 1,012 261 
90 1,674 (821 4,215 13,748 14,314 14,661 10,832 4,836 2,730 2,642 1,501 240 

100 15,066 23,073 39,958 37,172 59,433 74,009 40,633 33,442 31,816 19,443 2,475 11,767 
Mean (277] (2,759 (1,341 1,715 5,708 5,204 4,426 2,407 1,607 (1 ,304) (590) (493) 



Table A~-18. Continued 

Export reductions to meet QWEST standards (cfs) 

t-ercentl e uc NOV uec Jan t"eD Mar Apr May Jun u AUg ;:;ep 
u u u 0 0 0 0 0 0 0 u u u 

10 0 0 0 0 u u u u u 0 0 0 
20 0 u u u u u u u u 0 0 0 
;:II) u u u u u u 0 0 u u u u 
40 0 0 0 0 0 0 0 u 0 0 0 0 
50 0 0 u u u u u u u 0 0 0 
bU u u u u u u u u u u u u 
10 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 u u u u u 0 0 0 
90 0 u u u u u u u u u 0 _0 

100 u 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 u u 0 0 0 0 

Delta outflow at Collinsville (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,991 3,537 4,531 4,505 7,799 6,898 5,840 4,506 3,997 4,000 3,414 3,007 

10 3,348 4,504 5,232 5,788 9,614 8,555 7,818 6,036 6,117 4,994 3,416 3,008 
20 4,002 5,044 5,684 6,289 11,400 10,947 10,252 7,578 6,703 6,699 4,384 3,153 
30 4,196 5,293 6,355 7,862 15,513 15,073 10,545 7,579 6,895 7,158 5,032 3,398 
40 4,678 5,647 6,833 10,476 22,n5 18,364 11,260 10,011 7,578 7,230 5,302 3,632 
50 5,023 6,383 7,187 16,808 27,301 24,849 15,372 11,258 7,580 7,826 5,740 3,817 
60 5,354 7,859 9,483 22,569 44,691 29,666 18,031 12,903 8,328 8,001 5,741 4,143 
70 6,403 10,957 17,107 30,748 59,049 41,729 20,862 17,576 9,270 8,002 5,742 4,359 
80 9,792 14,090 40,647 72,356 70,178 59,498 40,512 26,201 11,632 8,004 6,042 5,518 
90 15,199 22,851 68,851. 102,271 116,586 93,737 63,869 39,710 16,998 9,381 6,722 8,323 

100 37,421 83,001 159,166 205,170 219,767 262,789 142,618 83,413 74,553 32,036 9,719 26,031 
Mean 7,758 11,740 22,764 36,125 48,912 40,457 26,478 17,951 11,307 7,812 5,388 4,998 

Delta outflow at Chipps Island (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 695 1,236 2,221 2,195 5,458 4,566 5,921 4,613 4,114 4,117 3,542 3,143 

10 1,049 2.194 2,915 3,466 7,257 6,207 7,861 6,113 6,193 5,092 3,544 3,144 
20 1,697 2,729 3,363 3,963 9,026 8,5n 10,247 7,625 6,767 6,763 4,494 3,287 
30 1,889 2,976 4,028 5,521 13,101 12,665 10,534 7,626 6,956 7,213 5,129 3,527 
40 2,366 3,326 4,501 8,111 20,295 15,925 11,235 10,011 7,625 7,284 5,394 3,756 
50 2,708 4,056 4,852 14,384 24,n9 22,350 15,267 11,233 7,627 7,868 5,823 3,938 
60 3,036 5,518 7,127 20,091 42,007 27,122 17,874 12,846 8,361 8,040 5,824 4,257 
70 4,075 8,587 14,680 28,194 56,232 39,073 20,650 17,428 9,284 8,041 5,825 4,469 
80 7,433 11,691 38,001 69,415 67,257 56,6n 39,917 25,885 11,600 8,043 6,119 5,605 
90 12,790 20,370 65,943 99,052 113,234 90,597 62,819 39,131 16,862 9,393 6,786 8,356 

100 34,805 79,961 155,418 200,994 215,455 258,on 140,032 81,981 73,294 31,606 9,724 25,718 
Mean 5,417 9,363 20,284 33,521 46,190 37,813 26,156 17,796 11,282 7,854 5,478 5,095 

Required Delta outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,992 3,537 4,505 4,505 5,960 6,356 5,841 4,505 4,000 4,001 3,415 3,008 

10 3,347 4,504 4,532 5,713 7,670 7,068 7,579 6,036 6,117 4,993 3,415 3,008 
20 4,001 4,931 4,885 5,980 8,175 8,765 8,641 7,579 6,703 6,698 4,384 3,074 
30 4,001 5,194 5,444 6,001 9,456 9,971 9,569 7,579 6,896 7,157 5,033 3,352 
40 4,306 5,464 5,n1 6,001 11,276 10,891 10,265 8,034 7,579 7,230 5,302 3,622 
50 4,519 5,647 6,139 6,001 11,400 11,400 10,545 9,454 7,579 7,825 5,741 3,791 
60 4,904 6,062 6,355 6,001 11,400 12,241 11,259 10,268 8,282 8,002 5,741 4,037 
70 5,091 6,312 6,591 6,294 14,676 15,373 12,161 11,259 8,889 8,002 5,741 4,190 
80 5,354 6,434 6,832 6,891 19,623 16,464 13,890 14,465 9,994 8,002 5,966 5,436 
90 5,615 6,804 7,163 7,210 22,072 19,282 15,372 17,320 12,026 9,358 6,5n 5,781 

100 7,995 8;616 7,580 8,542 28,559 27,430 22,321 28,043 21 '174 9,549 7,521 6,333 
Mean 4,625 5,715 6,003 6,275 13,148 12,825 11,353 10,645 8,827 7,442 5,331 4,103 

Montezuma Slough flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr Ma~ Jun Jul Aug Sep 
0 2,296 2,301 2,310 2,310 2,341 2,332 (81) (107 (117 (117 (128 136 

10 2,299 2,310 2,317 2,322 2,357 2,348 (43) [TI 76 98 (128 136 
20 2,305 2,315 2,321 2,326 2,374 2,370 5 (47 64 64 (110 134 
30 2,307 2,317 2,327 2,341 2,412 2,408 11 (47 61 55 97 129 
40 2,312 2,321 2,332 2,365 2,480 2,439 25 0 47 54 92 124 
50 2,315 2,327 2,335 2,424 2,522 2,499 105 25 47 42 83 121 
60 2,318 2,341 2,356 2,478 2,684 2,544 157 57 33 39 83 114 

\_ 
70 2,328 2,370 2,427 2,554 2,817 2,656 212 148 14 39 83 110 
80 2,359 2,399 2,646 2,941 2,921 2,821 595 316 32 39 77 (87 
90 2,409 2,481 2,908 3,219 3,352 3,140 1,050 579 136 12 64 (33 

100 2,616 3,040 3,748 4,176 4,312 4,712 2,586 1,432 1,259 430 (5 313 
Mean 2,340 2,3n 2,480 2,604 2,723 2,644 321 155 25 (43) (90 (98) 



Table A1-18. Continued 

Net change in exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 (2) 2 (2) (21 (1} (1l (11 (544) 3 (1) 1 (1) 

10 0 2 (1) (1 (0) (0) 0 (1) 1 (1) 1 0 
20 0 1 0 0 0 0 0 (1) 1 0 1 0 
30 0 1 0 461 1 1 1 0 1 0 1 0 
40 1 0 1 1.n1 1,679 1 322 0 1 0 0 0 
50 1 0 663 2.427 2,118 2,724 584 1 0 0 0 1 
60 1 1,547 2,792 2,690 2,738 3,844 648 380 0 1 0 1 
70 894 3,959 3,148 2,934 3,443 5,612 920 527 0 1 0 1 
80 3,515 3,959 3,236 3,997 6,058 6,543 2,866 1,276 0 1 1 1 
90 3,873 3,959 3,889 7,182 6,726 7,735 4,998 3,004 40 1 1 2,761 

100 7,838 9,601 9,258 11,282 10,356 9,552 8,306 8,627 7,221 7,104 3,978 6,512 
Mean 1,183 1,769 1,849 2,699 2,881 3,086 1,395 915 484 128 57 451 

Export limits (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 5,697 5,051 6,904 6,130 6,075 4,250 3,212 2,782 3,191 6,696 4,635 5,495 

10 6,791 6,948 8,718 9,146 6,630 5,073 3,941 3,451 5,520 9,986 6,952 5,698 
20 8,076 8,268 9,549 11,101 7,754 6,095 4,568 3,856 5,615 11,313 8,486 7,225 
30 8,845 8,975 11,012 11,681 9,746 8,217 5,037 4,310 5,869 12,531 8,939 7,610 
40 9,462 9,555 11,869 13,474 11,258 10,191 5,701 5,362 6,085 13,625 9,636 7,730 
50 10,095 11,604 12,309 18,120 15,028 12,287 6,552 5,878 6,624 14,885 9,804 8,059 
60 10,793 12.n4 13,050 20,989 20,184 13,992 7,380 6,581 6,841 14,934 10,180 8,423 
70 12,371 14,219 19,023 26,125 24,401 17,475 8,921 7,882 7,036 15,296 10,976 9,092 
80 14,542 15,592 32,504 51,223 27,435 23,524 12,799 9,437 8,550 15,367 12,576 11,736 
90 17,753 22,475 51,845 68,989 43,998 36,367 16,500 12,708 11,317 16,360 13,404 14,088 

100 29,881 57,610 105,728 133,645 79,382 92,174 38,212 29,841 30,225 28,830 15,044 23,568 
Mean 11,662 13,820 21,256 29,141 20,694 16,863 8,958 7,503 7,838 13,790 10,050 9,229 

Revised QWEST flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr Ml!}' Jun Jul Aug Sep 
0 [7,936 9,916 8,246 :J',715 ]',261 5,288 (8) (529 (5,589) 4,024 3,949 5,416 

10 4,225 8,252 [7,562 6,912 3,550 3,702 520 (271 222 3,592 3,475 3,368 
20 2,863 [7,719 6,754 6,376 2,764 3,192 834 (39 472 3,550 2,472 1,456 
30 1,994 [7,237 5,960 5,461 2,265 1,927 964 100 565 3,368 1,656 1,001 
40 1,527 6,017 5,538 4,804 1,463 1,529 1,156 219 582 3,026 (939 786 
50 1,355 4,651 4,484 4,371 _(723 (862 1,384 335 692 2,722 (210 64] 
60 1,088 3,480 3,822 3,806 1,268 (551 1,489 635 766 1,759 104 475 
70 (689 2,972 3,252 2,721 3,332 97 1,763 n4 957 1380 464 403 
80 l183 2,618 2,124 2,376 5,986 3,474 2,648 1,215 1,158 465 970 293 
90 161 1,059 884 11,748 10,156 10,631 5,995 3,105 2,507 2.630 1,482 231 

100 7,228 13,472 30,700 28,n9 49,561 64,457 33,256 24,815 24,595 12,339 2,031 5,255 
Mean (1,460 (4,528 (3,190) (984) 2,827 2,118 3,031 1,492 1,123 (1,431) (646) (944 

Revised Delta outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug_ Se_!)_ 
0 2,992 3,537 4,532 4,505 7,800 6,897 5,841 4,505 4,000 4,001 3,415 3,008 

10 3,347 4,504 5,210 5,788 9,282 8,555 7,579 6,036 6,118 4,993 3,415 3,008 
20 4,001 5,044 5,565 6,171 11,400 10,946 10,013 7,579 6,704 6,698 4,384 3,152 
30 4,198 5,295 6,172 6,909 13,465 15,072 10,399 7,579 6,896 7,157 5,033 3,397 
40 4,675 5,647 6,416 7,908 20,813 18,364 11,259 10,012 7,579 7,230 5,302 3,632 
50 5,023 6,070 6,792 14,082 25,901 22,222 14,490 11,235 7,579 7,825 5,741 3,818 
60 5,354 6,383 7,163 18,654 39,356 25,424 17,354 12,376 8,327 8,002 5,741 4,142 
70 5,824 6,804 13,979 26,787 51,792 34,899 20,075 16,226 9,271 8,002 5,741 4,358 
80 6,520 8,382 36,150 69,429 64,898 52,834 36,220 24,925 11,632 8,002 5,966 5,517 
90 10,947 18,892 65,872 95,087 114,021 89,707 60,896 36,706 16,958 9,373 6,5n 6,212 

100 29,583 73,400 149,908 195,370 218,088 253,237 136,325 74,786 67,332 24,932 7,521 19,519 
Mean 6,575 9,971 20,915 33,426 46,031 37,371 25,083 17,036 10,824 7,684 5,331 4,547 

Available water for diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 3,620 528 0 0 0 0 0 0 0 
60 0 0 0 6,489 5,684 0 0 0 0 0 0 0 
70 0 0 4,523 10,660 9,901 2,975 0 0 0 0 0 0 
80 0 692 11,748 17,376 12,935 9,024 634 0 0 0 0 0 
90 2,853 7,561 15,884 26,748 23,407 18,540 5,054 948 0 0 0 0 

100 14,981 28,472 45,700 43,n9 52,147 n,674 23,312 14,941 15,325 13,930 0 8,668 
Mean 909 1,897 4,980 8,620 8,015 5,806 1,506 630 320 199 0 233 



Table A1-18. Continued 

Delta storage diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Delta storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Delta storage discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Delta storage discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 4,288 3,326 5,072 4,844 4,073 3,147 2,791 2,395 1,076 1,818 537 3,271 

10 5,125 5,385 7,368 8,686 6,384 4,525 3,571 3,114 5,464 3,427 3,448 3,592 
20 6,854 6,640 7,842, 10,935 7,285 6,095 3,789 3,538 5,568 6,446 4,730 5,890 
30 7,992 7,372 9,922 11,575 9,184 7,956 4,189 3,928 5,766 7,379 5,083 6,051 
40 8,500 8,383 10,868 13,474 11,137 10,191 5,623 4,859 5,923 8,865 5,864 6,359 
50 9,055 10,670 11,667 14,500 14,500 11,701 6,552 5,685 6,313 10,505 6,324 6,518 
60 9,710 12,488 13,050 14,500 14,500 13,992 7,380 6,754 6,543 11,287 7,174 6,685 
70 11,921 14,219 14,500 14.500 14,500 14,500 8,921 7,487 7,026 11,288 7,966 7,409 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 8,829 8,448 11,288 9,615 10,062 
90 14,900 14,900 14,500 14,500 14,500 14,500 11,760 11,760 11,317 11,288 11,287 14,004 

100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 14,900 14,155 14,900 
Mean 9,968 10,424 11,479 12,759 11,671 10,752 7,249 6,614 7,326 9,026 6,889 7,552 



Table A1-18. Continued 

Final QWEST flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 :?,936 (9,916 8,246 :?.715 :?.261 5,288 (8) (529) (5,589) 4,024 3,949 5,416 

10 4,225 (8,252 7,562 6,912 3,550 3,702 520 (271) 222 3,592 3,475 3,368 
20 2,863 a.719 6,754 6,376 2,764 3,192 834 (39 472 3,550 2,472 1,456 
30 1,994 \1,237 5,960 5,461 2,265 1,927 964 100 565 3,368 1,656 1,001 
40 1,527 6,017 5,538 4,804 1,463 1,529 1,156 219 582 3,026 (939 [786 
50 1,355 4,651 4,484 4,371 (123 (862 1,384 335 692 2,722 (210 647 
60 1,088 3,480 3,822 3,806 1,268 (551 1,489 635 766 1,759 104 475 
70 (689 2,972 3,252 2,721 3,332 97 1,763 n4 957 (380 464 403 
80 (183 2,618 2,124 2,376 5,986 3,474 2,648 1,215 1,158 465 970 293 
90 161 1,059 884 11,748 10,156 10,631 5,995 3,105 2,507 2,630 1,482 231 

100 7,228 13,472 30,700 28,n9 49,561 64,457 33,256 24,815 24,595 12,339 2,031 5,255 
Mean (1 ,460) (4,528) (3,190) (984) 2,827 2,118 3,031 1,492 1,123 (1 ,431) (646 (944 

Final Delta outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 2,992 3,537 4,532 4,505 7,800 6,897 5,841 4,505 4,000 4,001 3,415 3,008 

10 3,347 4,504 5,210 5,788 9,282 8,555 7,579 6,036 6,118 4,993 3,415 3,008 
20 4,001 5,044 5,565 6,171 11,400 10,946 10,013 7,579 6,704 6,698 4,384 3,152 
30 4,198 5,295 6,172 6,909 13,465 15,072 10,399 7,579 6,896 7,157 5,033 3,397 
40 4,675 5,647 6,416 7,908 20,813 18,364 11,259 10,012 7,579 7,230 5,302 3,632 
50 5,023 6,070 6,792 14,082 25,901 22,222 14,490 11,235 7,579 7,825 5,741 3,818 
60 5,354 6,383 7,163 18,654 39,356 25,424 17,354 12,376 8,327 8,002 5,741 4,142 
70 5,824 6,804 13,979 26,787 51,792 34,899 20,075 16,226 9,271 8,002 5,741 4,358 
80 6,520 8,382 36,150 69,429 64,898 52,834 36,220 24,925 11,632 8,002 5,966 5,517 
90 10,947 18,892 65,872 95,087 114,021 89,707 60,896 36,706 16,958 9,373 6,5n 6,212 

100 29,583 73,400 149,908 195,370 218,088 253,237 136,325 74,786 67,332 24,932 7,521 19,519 
Mean 6,575 9,971 20,915 33,426 46,031 37,371 25,083 17,036 10,824 7,684 5,331 4,547 

Threemile Slough flow (cfs) 

Percentile Oct Nov · Dec Jan Feb Mar A~ May Jun Jul Aug_ Sep 
0 634 1,104 2,237 1,892 1,881 1,671 950 758 (283) (833) (246) 605 

10 868 1,952 2,947 3,647 2,925 2,282 1,284 1,312 669 445 484 618 
20 1,109 2,689 3,424 3,883 3,487 3,036 1,604 1,734 1,156 1,148 645 922 
30 1,457 2,908 4,274 4,825 4,520 4,205 1,850 1,787 1,232 1,871 955 1,056 
40 1,735 3,381 4,666 5,596 5,930 5,045 2,162 2,020 1,376 2,445 1,144 1,167 
50 1,965 4,585 4,981 6,054 7,354 6,343 2,556 2,307 1,420 3,237 1,432 1,279 
60 2,112 5,290 5,532 7,069 8,741 6,786 3,176 2,668 1,472 3,719 1,622 1,413 
70 2,815 5,951 6,675 8,324 10,784 9,061 3,726 3,129 1,704 3,733 2,213 1,681 
80 3,704 6,841 9,187 11,749 14,281 10,413 6,662 4,528 2,102 3,822 2,936 2,094 
90 4,200 7,824 13,176 16,628 16,474 15,092 10,582 6,971 3,069 3,915 3,479 3,295 

100 10,307 14,090 19,239 32,510 31,702 23,701 15,506 9,791 8,326 3,990 3,790 4,481 
Mean 2,358 4,815 6,623 8,295 9,161 7,553 4,216 3,207 1,997 2,671 1,664 1,619 

Old River diversion flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 73 1,126 1,053 959 959 1,166 100 100 1,343 1,018 959 959 

10 75 1,336 1,228 1,178 1,401 1,345 100 100 1,581 1,252 1,008 1,051 
20 75 1,519 1,392 1,475 1,881 1,548 122 122 1,596 1,422 1,030 1.on 
30 78 1,643 1,501 1,562 1,935 1,881 182 138 1,603 1,507 1,055 1,122 
40 85 1,732 1,661 1,765 2,199 1,881 199 194 1,633 1,510 1,140 1,157 
50 91 1,885 1,800 1,986 2,531 1,885 199 197 1,881 1,517 1,378 1,196 
60 99 1,947 1,887 2,225 2,706 2,530 267 261 2,193 1,537 1,507 1,285 
70 100 2,033 2,015 2,387 3,355 2,530 267 264 2,530 1,609 1,644 1,444 
80 138 2,117 - 2,320 2,959 3,923 2,896 310 305 2,534 1,697 1,688 1,621 
90 198 2,260 2,667 3,719 5,230 5,240 310 305 4,348 1,761 1,794 2,190 

100 10,012 7,039 11,400 13,638 20,705 25,321 17,802 16,135 17,698 10,617 4,030 6,404 
Mean 352 1,968 2,134 2,561 3,314 3,259 1,011 876 2,597 1,n4 1,398 1,484 

Antioch flow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
0 (833) 2,878 2,037 (1,716 408 1,317 1,638 1,131 1,210 (33) (309) (935 

10 (252) 2,174 1,503 (1 ,315 1,152 1,541 2,276 1,514 1,797 124 11 (20) 
20 456 1,728 1,188 (762 1,599 2,326 2,706 1,784 1,835 291 322 540 
30 535 1,126 1,063 (635 2,733 2L796 2,959 1,902 2,033 386 629 622 
40 560 (141 J579 J339 3,684 3,390 3,168 2,405 2,158 641 ns 632 
50 603 (278 _{399 247 5,355 3,ns 4,111 2,992 2,231 907 961 652 
60 705 (118 (164 1,931 1o.no 4,819 4,524 3,563 2,361 966 1,323 663 
70 800 (19 113 4,844 11,837 6,583 5,490 4,305 2,764 1,241 1,475 678 
80 913 431 6,866 17,091 18,900 13,694 10,051 5,889 3,374 1,893 1,701 755 
90 1,486 1,136 15,268 26,705. 31,112 24,566 16,525 9,430 4,609 3,156 1,807 852 

100 10,204 23,223 48,823 56,170 66,466 88,158 46,864 28,734 26,939 11,506 2,163 6,970 
Mean 898 287 3,433 7,311 11,988 9,671 7,247 4,699 3,120 1,240 1,017 674 



Table A1-19a. DeltaSOS-Simulated DW Operations 
for Alternative 1 Cumulative Conditions: DW Diversions to Storage (cfs) 

Water Total 
Y-r Oct Nev Dec Jan I Feb Mar. Apr May ... Jun Jul Aug ·sep (TAF) 

1922 0 0 0 0 2,790 0 0 1,572 0 0 0 0 263 
1923 677 692 2.562 15 0 0 0 0 0 0 0 0 238 
1924 0 0 0 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 4,000 0 0 0 0 0 0 .o 241 
1926 0 0 0 0 3,343 0 0 0 0 0 0 0 201 
1927 0 517 0 3,871 31 49 76 0 0 0 0 0 274 
1928 0 4,000 0 28 0 76 0 0 0 0 0 0 247 
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 1,406 0 0 0 0 0 0 0 0 85 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 3,871 0 0 59 0 0 0 0 0 237 
1936 0 0 0 3,871 30 0 0 0 0 0 0 0 235 
1937 0 0 0 0 4,000 307 0 0 0 0 0 0 259 
1938 0 4,000 13 15 31 49 76 99 118 0 0 0 265 
1939 3,364 0 0 0 0 0 0 0 0 0 0 0 203 
1940 0 0 0 3,871 30 49 76 0 0 0 0 0 242 
1941 0 0 3,871 15 31 49 76 99 0 0 0 0 249 
1942 ·1,815 675 1,440 15 31 0 126 0 0 0 0 0 247 
1943 2,847 1,083 13 15 31 49 0 0 0 0 0 0 243 
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 4,000 0 0 0 0 0 0 0 241 
1946 0 0 3,871 15 0 0 0 0 0 0 0 0 234 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 3,871 0 0 0 0 0 0 233 
1950 0 0 0 353 0 0 0 0 0 0 0 0 21 
1951 0 4,000 13 15 31 0 0 0 0 0 0 0 244 
1952 0 0 3,871 15 30 49 76 99 118 0 0 779 303 
1953 2,853 0 355 15 0 0 0 0 0 0 0 0 194 
1954 0 2,926 0 3,871 31 49 76 0 0 0 0 0 419 
1955 0 0 3,871 15 0 0 0 0 0 0 0 0 234 
1956 0 0 3,871 15 30 49 0 172 0 0 0 0 249 
1957 2,486 0 0 0 528 2,975 0 0 0 0 0 0 361 
1958 0 0 3,871 15 31 49 76 99 118 0 0 233 271 
1959 3,178 0 0 3,871 31 0 0 0 0 0 0 0 427 
1960 0 ·0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 741 0 0 0 0 0 0 0 45 
1962 0 0 0 0 4,000 0 0 0 0 0 0 0 241 
1963 3,871 0 37 0 47 0 1,068 0 0 0 0 0 303 
1964 0 4,000 0 3,227 0 0 0 0 0 0 0 0 435 
1965 0 0 3,871 15 0 0 220 0 0 0 0 0 247 
1966 0 4,000 0 28 0 0 0 0 0 0 0 0 243 
1967 0 0 3,871 15 31 49 76 99 118 0 0 259 272 
1968 3,106 0 0 620 30 0 0 0 0 0 0 0 226 
1969 0 0 2,209 1,676 31 49 76 99 0 0 0 2,504 400 
1970 1,501 25 13 15 31 49 0 0 0 0 0 0 98 
1971 0 2,459 1,504 15 0 3,210 0 0 0 0 0 0 433 
1972 0 0 1,260 0 0 0 0 0 0 0 0 0 76 
1973 0 2,082 1,869 15 31 49 0 0 0 0 0 0 244 
1974 0 4,000 13 15 31 49 76 0 0 0 0 0 252 
1975 1,388 0 0 0 2,836 49 0 0 0 0 0 0 257 
1976 1,768 409 - 0 0 0 0 0 0 0 0 0 0 131 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 3,871 31 49 76 0 0 0 0 0 243 
1979 0 0 0 3,871 31 0 0 0 0 0 0 0 235 
1980 0 0 839 3,046 30 49 0 0 0 0 0 0 239 
1981 0 0 0 3,871 0 0 0 0 0 0 0 0 233 
1982 0 4,000 13 15 ' 31 49 76 99 0 0 0 3,888 492 
1983 161 25 13 15 31 49 76 99 118 130 0 914 98 
1984 53 25 13 15 30 49 0 0 0 0 0 0 11 
1985 0 4,000 13 0 0 0 0 0 0 0 0 0 242 
1986 0 0 0 0 4,000 307 0 0 0 0 0 0 259 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 3,620 0 0 0 0 0 0 0 0 218 
1989 0 0 0 0 0 399 0 0 0 0 0 0 24 
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 

Average 415 613 617 702 443 173 35 36 8 2 0 123 191 



Table A1-19b. DeltaSOS-Simulated DW Operations 
for Alternative 1 Cumulative Conditions: DW Discharge to Export Wheeling (cfs) 

Water ···'·· ·'·. Total 
Year Oct Nov· Dec Jan ·., Feb· Mar / . Apr ,May Jon JuJ, Aug Sep (TAF) 

1922 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1923 0 0 0 0 4,000 0 0 0 0 0 0 0 241 
1924 0 0 0 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 0 0 0 0 154 2,998 0 0 190 
1926 0 0 0 0 0 0 0 461 0 2,093 0 0 154 
1927 0 0 487 0 0 0 0 0 529 3,015 0 0 243 
1928 0 0 0 0 0 0 0 589 137 2.733 0 0 208 
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 0 0 0 1,100 93 0 0 0 0 72 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 0 0 0 0 2,428 0 1,007 0 0 207 
1936 0 0 0 0 0 1,323 0 0 588 1,513 0 0 206 
1937 0 0 0 0 0 0 0 0 2,822 724 0 0 214 
1938 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1939 0 622 0 0 0 0 677 483 0 1,079 0 0 172 
1940 0 0 0 0 0 0 0 703 586 2,258 0 0 214 
1941 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1942 0 0 0 0 0 0 0 0 0 3,527 0 0 213 
1943 0 0 0 0 0 0 0 1,843 857 782 0 0 210 
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 0 0 0 171 0 2,977 0 0 190 
1946 0 0 0 0 4,000 0 0 9 0 0 0 0 242 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 0 0 1,454 0 2,000 0 0 208 
1950 0 0 0 0 0 0 0 104 0 0 0 0 6 
1951 0 0 0 0 0 0 0 0 587 2,837 0 0 206 
1952 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1953 0 0 0 0 388 0 0 0 0 3,027 0 0 206 
1954 0 0 2,819 0 0 0 0 544 153 2,835 0 0 383 
1955 0 0 0 0 0 0 0 0 0 3,378 0 0 204 
1956 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1957 0 2,543 0 0 0 0 865 0 136 2,018 0 0 335 
1958 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1959 0 0 3,313 0 0 2,691 1,093 0 0 0 0 0 428 
1960 0 .o 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 0 0 565 0 0 0 0 0 34 
1962 0 0 0 0 0 0 1,332 593 0 1,265 0 0 192 
1963 0 0 0 0 0 912 0 0 0 3,527 0 0 267 
1964 0 0 3,199 0 0 0 616 479 0 2,302 0 0 397 
1965 0 0 0 0 0 63 0 1,041 587 1,918 0 0 217 
1966 0 0 0 0 0 0 0 1,461 0 1,917 0 0 204 
1967 0 0 0 0 0 0 0 0 0 2,246 1,379 0 218 
1968 0 0 0 0 0 0 637 1,245 0 1,544 0 0 206 
1969 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1970 0 0 0 0 0 0 157 52 0 3,250 0 0 208 
1971 0 0 0 0 3,469 0 80 0 0 3,377 0 0 417 
1972 0 0 0 0 0 0 625 391 0 0 0 0 61 
1973 0 0 0 0 0 0 0 0 587 2,886 0 0 209 
1974 0 0 0 0 0 0 0 0 0 3,527 0 0 213 
1975 0 0 0 0 0 0 0 0 0 3,454 0 0 208 
1976 0 0 2,12S" 0 0 0 0 0 0 0 0 0 128 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 0 0 245 3,291 0 0 213 
1979 0 0 0 0 0 0 0 0 588 2,837 0 0 206 
1980 0 0 0 0 0 0 0 0 514 2,957 0 0 209 
1981 0 0 0 0 0 0 676 1,250 0 1.474 0 0 205 
1982 0 0 0 0 0 0 0 0 0 3,627 0 0 219 
1983 0 0 0 0 0 0 0 0 0 0 685 0 41 
1984 0 0 0 0 0 0 0 0 0 3,454 0 0 208 
1985 0 0 0 0 0 0 768 456 0 2,163 0 0 204 
1986 0 0 0 0 0 0 0 0 0 3.454 0 0 208 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 0 0 0 587 425 0 2,134 0 0 190 
1989 0 0 0 0 0 0 0 227 0 0 0 0 14 
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 

Average 0 45 171 0 169 71 140 236 130 1,759 29 0 166 



Table A1-19c. DeltaSOS-Simulated DW Operations 
for Alternative 1 Cumulative Conditions: DW End-of-Month Storage (TAF) 

Water 
J~l ••. · Year Oct Nov Dec Jan•·· • ·•.··Feb Mar .Apr May Jun .. Aug Sep 

1922 0 0 0 0 155 152 147 238 231 (0) 0 0 
1923 42 81 238 238 14 11 7 1 0 0 0 0 
1924 0 0 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 222 219 215 209 192 0 0 0 
1926 0 0 0 0 186 183 178 144 137 (0) 0 0 
1927 0 31 0 238 238 238 238 232 193 (0) 0 0 
1928 0 238 237 238 236 238 234 191 176 0 0 0 
1929 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 86 85 82 12 0 0 0 0 0 
1931 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 238 236 233 232 n 70 (0) 0 0 
1936 0 0 0 238 238 154 149 143 101 (0) 0 0 
1937 0 0 0 0 222 238 234 227 52 (0) 0 0 
1938 0 238 238 238 238 238 238 238 238 0 0 0 
1939 207 168 167 167 165 162 117 81 74 (0) 0 0 
1940 0 0 0 238 238 238 238 189 147 (0) 0 0 
1941 0 0 238 238 238 238 238 238 231 (0) 0 0 
1942 112 150 238 238 238 235 238 232 225 (0) 0 0 
1943 175 238 238 238 238 238 234 114 56 0 0 0 
1944 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 222 219 215 198 191 0 0 0 
1946 0 0 238 238 14 11 7 (0) 0 0 0 0 
1947 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 238 234 138 131 (0) 0 0 
1950 0 0 0 22 20 17 12 0 0 0 0 0 
1951 0 238 238 238 238 235 231 224 182 0 0 0 
1952 0 0 238 238 238 238 238 238 238 0 0 46 
1953 . 218 217 238 238 215 212 207 201 194 (0) 0 0 
1954 0 174 0 238 238 238 238 198 182 (0) 0 0 
1955 0 0 238 238 236 233 229 223 216 0 0 0 
1956 0 0 238 238 238 238 234 238 231 (0) 0 0 
1957 153 0 0 0 29 209 153 147 132 0 0 0 
1958 0 0 238 238 238 238 238 238 238 0 0 14 
1959 206 204 (0) 238 238 70 (0) 0 0 0 0 0 
1960 0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 41 38 (0) 0 0 0 0 0 
1962 0 0 0 0 222 219 135 93 86 0 0 0 
1963 238 237 238 237 238 179 238 232 225 (0) 0 0 
1964 0 238 40 238 236 233 192 157 150 0 0 0 
1965 0 0 238 238 236 229 238 168 126 0 0 0 
1966 0 238 237 238 236 233 229 133 126 0 0 0 
1967 0 0 238 238 238 238 238 238 238 92 (0) 15 
1968 203 202 201 238 238 235 193 110 103 0 0 0 
1969 0 0 136 238 238 238 238 238 231 (0) 0 149 
1970 238 238 238 238 238 238 224 215 208 0 0 0 
1971 0 146 238 238 44 238 229 223 216 (0) 0 0 
1972 0 0 n n 75 72 30 (0) 0 0 0 0 
1973 0 124 238 238 238 238 234 227 185 0 0 0 
1974 0 238 238 238 238 238 238 232 225 (0) 0 0 
1975 85 84 83 82 238 238 234 227 220 (0) 0 0 
1976 109 132 (0) 0 0 0 0 0 0 0 0 0 
19n 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 238 238 238 238 232 210 (0) 0 0 
1979 0 0 0 238 238 235 231 224 182 (0) 0 0 
1980 0 0 52 238 238 238 234 227 190 0 0 0 
1981 0 0 0 238 236 233 189 106 99 (0) 0 0 
1982 0 238 238 238 238 238 238 238 231 (0) 0 231 
1983 238 238 238 238 238 238 238 238 238 238 189 238 
1984 238 238 238 238 238 238 234 227 220 (0) 0 0 
1985 0 238 238 237 235 232 182 148 141 0 0 0 
1986 0 0 0 0 222 238 234 227 220 (0) 0 0 
1987 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 223 221 218 178 146 139 (0) 0 0 

\,.. ___ ., 1989 0 0 0 0 0 25 20 (0) 0 0 0 0 
1990 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 

Averf1g_e 35 69 96 139 153 157 147 130 118 5 3 10 



Table A1-20. DeltaSOS Mean Annual Simulation Output 
for Alternative 1 Cumulative Conditions 

. • • Sac· · SJ8 • Added New · · ~uTred Addecl·. New ··• •• .ste!Uh & < occ•• ReVl$ed • Re\.isect / Revised . QWfE.STw/ 
.·•·•.·· 88sin• &sin •••• Sac s8.c . •• SJR ··· SJR .. SJR . Sliftilt •• Rii:IMsis.< •··· occ•· ··(ieorgi~ Rio Vista .· Initial······ 

Water··. Year. •• Year·· ROw.·· ·Flow ••• Row< >A<>W. t Fl~w· •••· Flow··· RediJCtion .flow · ... · &DCC .·•·•······· flet~. > ·•·.l:xpc:irt ..•. 
Year · .• Type Type {TAF}. · (TAF) .• i (l"AF) {tAF} (TAF). . (TAF} ·• (l"AF) ·•• (TAF) •··· (TAF) ·•·• (fAfi)> (TAF) 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

2 
3 
5 
4 
4 
1 
2 
5 
4 
5 
4 
5 
5 
3 
3 
3 
1 
4 
2 
1 
1 
1 
4 
3 
3 
4 
3 
4 
3 
2 
1 
1 
2 
4 
1 
2 
1 
3 
4 
4 
3 
1 
4 
1 
3 
1 
3 
1 
1 
1 
3 
2 
1 
1 
5 
5 
2 
3 
2 
4 
1 
1 
1 
4 
1 
4 
5 
4 
5 
5 

1 
2 
5 
3 
4 
2 
3 
5 
5 
5 
2 
4 
5 
2 
2 
1 
1 
4 
2 
1 
1 
1 
3 
2 
2 
4 
3 
3 
3 
2 
1 
3 
3 
4 
1 
3 
1 
4 
5 
5 
3 
2 
4 
1 
3 
1 
4 
1 
2 
3 
4 
2 
1 
1 
5 
5 
1 
2 
1 
4 
1 
1 
2 
4 
1 
5 
5 
5 
5 
5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15,237 
14,489 
8,586 

12,064 
11,614 
19,015 
18,455 
8,696 

10,768 
6,775 
8,618 
7,535 
8,173 

12,496 
13,335 
12,426 
28,179 
10,712 
17,638 
23,780 
25,353 
20,972 
11,388 
12,566 
16,177 
10,949 
13,098 
11,993 
12,811 
21,672 
28,323 
18,839 
19,873 
11,447 
21,768 
15,092 
26,266 
14,716 
11,339 
11,459 
12,372 
20,611 
12,397 
19,519 
13,901 
22.181 
15,971 
23,660 
21,543 
20,939 
13,210 
19,810 
29,264 
20,440 
10,456 

6,824 

~~::~ 
18,292 
13,093 
29,591 
35,577 
23,213 
13,038 
18,958 
10,952 

9,416 
11,782 
8,675 
8,612 

1,682 
1,663 

820 
1,213 
1,107 
1,585 
1,244 

820 
816 
790 

1,244 
1,004 

820 
1,477 
1,585 
1,682 
1,759 
1,004 
1,585 
1,759 
1,759 
1,759 
1,140 
1,507 
1,585 
1,056 
1,140 
1,140 
1,192 
1,663 
1,759 
1,295 
1,244 
1,004 
1,759 
1,244 
1,759 
1,159 

846 
842 

1,110 
1,585 
1,004 
1,759 
1,244 
1,759 
1,159 
1,759 
1,585 
1,295 
1,107 
1,663 
1,759 
1,682 

820 
790 

1,729 
1,585 
1,759 
1,159 
1,759 
1,759 
1,585 
1,107 
1,682 

846 
790 
842 
790 
816 

0 
73 

4 
29 

0 
71 
30 

2 
28 

2 
0 
0 
4 
0 

80 
56 

0 
0 

78 
0 
0 

78 
45 
77 
74 
50 

3 
49 

0 
80 

0 
0 

29 
0 
0 

27 
1 

69 
30 
40 
45 

0 
3 

80 
49 

0 
49 

0 
74 

0 
0 

78 
2 
0 
9 
0 
0 

78 
0 

49 
3 
0 

74 
50 

0 
16 

6 
31 

4 
37 

3,037 
2,564 
1,264 
1,491 
1,511 
1,963 
1,736 
1,306 
1,168 
1,257 
1,655 
1,388 
1,205 
2,051 
2,221 
2,860 
5,428 
1,695 
1,973 
3,677 
2,986 
3,229 
1,688 
2,321 
2,146 
1,607 
1,421 
1,472 
1,532 
2,663 
3,023 
1,965 
1,601 
1,365 
3,270 
1,812 
3,397 
1,800 
1,247 
1,179 
1,530 
1,934 
1,361 
2,404 
2,011 
3,304 
1,709 
5,442 
3,357 
1,732 
1,515 
2,252 
2,240 
2,310 
1,169 
1,016 
2,267 
2,378 
4,818 
1,962 
5,389 

15,726 
6,524 
1,909 
4,814 
1,661 
1,020 
1,036 

944 
995 

4,804 
4,395 
2,261 
3,509 
3,338 
6,229 
6,051 
2,314 
3,052 
1,651 
2,274. 
1,931 
2,172 
3,700 
3,996 
3,671 
9,982 
3,007 
5,687 
8,157 
8,822 
6,984 
3,253 
3,714 
5,102 
3,089 
3,868 
3,503 
3,774 
7,244 
9,970 
6,162 
6,490 
3,263 
7,335 
4,642 
9,182 
4,523 
3,228 
3,280 
3,632 
6,877 
3,615 
6,453 
4,172 
7,439 
5,020 
8,066 
7,316 
6,908 
3,920 
6,529 

10,392 
6,784 
2,943 
1,703 
5,405 
4,235 
6,032 
3,885 

10,473 
12,980 

7,985 
3,861 
6,463 
3,102 
2,563 
3,442 
2,288 
2,286 

0 
0 

32 
0 
0 
0 
0 

42 
0 

91 
0 

97 
66 
29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 

36 
31 

0 
0 
0 
0 
0 
0 
0 
0 
0 

38 
31 
52 
29 

949 
1,567 
1,115 
1,438 
1,419 
1,355 
1,477 
1,147 
1,269 

875 
1,142 

908 
916 

1,301 
1,365 
1,290 
1,057 
1,498 
1,469 
1,370 
1 '151 
1,426 
1,423 
1,386 
1,435 
1,438 
1,630 
1,421 
1,525 
1,526 
1,183 
1,240 
1,575 
1',488 
1,499 
1,623 
1,243 
1,536 
1,455 
1,434 
1,418 
1,184 
1,540 
1,378 
1,502 
1,144 
1,525 
1,543 
1,506 
1,583 
1,524 
1,487 
1,580 
1,674 
1,324 

821 
1,187 
1,449 
1,267 
1,436 
1,562 
1,050 
1,190 
1,485 
1,300 
1,383 
1 '161 
1,324 
1,143 
1,072 

Average 0 15,998 1,326 26 2,427 5,091 8 1,347 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: l=wet, 2=above normal, 3=below normal, 4=dry, 5=criticallydry 
Negative values shown in parentheses. 

3,631 
4,039 
2,902 
3,630 
3,554 
4,501 
4,542 
2,939 
3,310 
2,453 
2,924 
2,579 
2,658 
3,554 
3,727 
3,547 
5,533 
3,498 
4,408 
5,188 
5,211 
4,820 
3,528 
3,653 
4,178 
3,480 
3,917 
3,616 
3,793 
5,004 
5,647 
4,362 
4,778 
3,587 
5,011 
4,175 
5,417 
4,064 
3,546 
3,545 
3,656 
4,566 
3,756 
4,592 
3,913 
4,729 
4,226 
5,297 
5,006 
4,932 
3,842 
4,717 
6,144 
4,962 
3,307 
2,391 
4,063 
3,884 
4,358 
3,756 
6,157 
6,551 
4,958 
3,790 
4,534 
3,437 
3,048 
3,490 
2,939 
2,863 

4,090 

11,586 
10,425 

5,437 
9,040 
8,157 

17,527 
14,653 
5,573 
7,368 
4,103 
5,630 
4,753 
5,386 
9,935 

10,821 
8,936 

31,093 
6,983 

17,640 
27,629 
25,051 
17,571 
7,790 
9,005 

13,192 
7,285 
8,948 
8,292 
8,851 

18,363 
24,889 
16,711 
15,551 
7,775 

24,852 
11,044 
29,612 
10,754 
7,825 
7,844 
9,182 

18,800 
8,495 

19,247 
10,033 
19,913 
12,181 
23,945 
24,373 
16,920 
9,253 

18,433 
30,030 
16,153 
6,917 
4,233 

15,113 
10,011 
19,356 

9,162 
30,065 
42,561 
22,157 

9,191 
23,167 
7,300 
6,236 
8,090 
5,561 
5,552 

13,793 

824 
465 

(1 ,130) 
(667) 

(1 ,037) 
212 

(275) 

(1 ,021 (886~ 
(28 
308 

(326) 
(423) 
(372) 
136 
804 

5,905 
(510) 
100 

2,950 
2,793 
3,269 

(1 '164) 
(244) 

(65) 
(1 ,585) 

{
1 ,430~ 1,039 
1,161 
1,957 
2,963 

767 
(526) 

(1,416) 
2,374 
(740) 

3,022 
112 

(1 ,648) 
(1 ,714l 

(951 
(18 

(1 ,369) 
758 
(959) 

1,947 
706 

5,690 
3,752 

(185) 
(1 ,549) 

995 
2,138 

919 
(1 ,263) 

(428) 
2,171 

355 
4,240 

(436) 
6,953 

21,590 
8,228 

(591) 
4,991 

(1 ,270) 
(961) 

(1,~{ 

l~i 
887 



Table A1-20. Continued 

.. 

Reduced Initial Initial ·Required Revised Reduced Reduced Net ·Adjus1ecl ':'Revised . Revised 
EXport for Collinsville Chipps Delta Montez. EXportfar EXport ·, Export /EXport· ·Total a WEST Callinsvilte 

Water QWEST Outflow Outflow .. outflow Flow .. Outflow .· Urruts •• fOr: t.itnttS phange. · Exl)art••••· · Aow· .. oi:itffow · 
Year (TAF) (TAF) (TAF) (TAf} (TAF) '··•JTAF) (TAF) (TAF) ... .· ('rAF} ..... . (TAF) ''·'' • •'(TAF) ........ (TAF) :·, .. 

1922 0 12,321 11,391 6,103 930 1 8,364 0 1,001 7,185 (177) 11,320 
1923 0 10,803 9,917 5,833 886 0 9,521 0 1,021 7,212 (556l 9,782 
1924 0 4,180 3,375 4,063 805 3 5,401 0 19 4,561 (1,149 4,161 
1925 0 8,292 7,430 5,195 862 3 7,312 0 246 5,981 (914 8,045 
1926 0 7,022 6,175 5,006 847 3 6,923 0 243 5,976 ~1,280~ 6,n9 
1927 0 17,655 16,686 6,980 970 1 10,720 0 1,264 7,506 1,052 16,391 
1928 0 14,2n 13,355 6,665 922 1 10,032 0 1,064 7,391 (1,339) 13,213 
1929 0 4,573 3,760 4,418 813 3 5,435 0 19 4,583 (906~ 4,553 
1930 0 6,245 5,414 5,052 832 3 6,182 0 201 5,210 (1,222 6,044 
1931 0 3,702 2,901 3,657 800 3 4,306 0 14 3,341 (301) 3,688 
1932 0 5,849 5,019 5,190 831 1 5,625 0 297 4,444 11 5,553 
1933 0 4,313 3,503 4,050 810 3 4,694 0 18 3,696 

~=~ 
4,295 

1934 0 4,853 4,038 4,532 815 3 4,803 0 141 3,878 4,712 
1935 0 9.4n 8,584 6,455 893 3 7.413 0 348 6,274 rr~g~ 9,129 
1936 0 1o,8n 9,993 6,248 883 3 8.419 0 325 6,478 10,552 
1937 0 9,666 8,791 5,287 874 3 7,752 16 300 6,179 504 9,365 
1938 0 36,940 35,736 8,125 1,204 1 18,482 0 2,470 8,697 3,435 34,470 
1939 0 6,353 5,520 4,357 833 0 6,865 0 1,055 6,143 (1,5~ 5,298 
1940 0 17,676 16,697 7,246 979 3 10,409 0 665 7,085 (565 17,011 
1941 0 30,529 29,403 7,010 1,125 1 16.412 0 1,207 7,482 1,744 29,322 
1942 0 27,769 26,688 6,671 1,082 0 16,125 0 2,353 8,302 440 25,416 
1943 0 20,751 19,767 7,309 984 0 13,363 0 2,208 7,766 1,060 18,543 
1944 0 6,521 5,686 4,952 835 3 6,788 0 117 6,045 (1,281) 6,405 
1945 0 8,664 7,806 5,2n 858 1 7,966 0 557 6,691 ~800) 8,108 
1946 0 13,020 12,120 6,279 900 1 11,239 0 586 6,876 651) 12,434 
1947 0 5,583 4,756 5,072 827 3 6,751 0 15 6,048 (1,599) 5,568 
1948 0 7,409 6,543 5,487 866 3 7,141 0 90 6,390 r-51~ 7,320 
1949 0 7,142 6,299 4,921 843 3 6,947 0 223 5,915 1,262 6,919 
1950 0 7,579 6,725 5,599 854 3 7,295 0 335 6,486 1,49 7,244 
1951 0 20,237 19,264 6,326 972 0 14,970 0 1,049 7,815 907 19,188 
1952 0 27,785 26,665 7,985 1,120 1 15,787 0 1,948 8,875 1,014 25,837 
1953 0 17,375 16,419 6,080 956 0 12,676 0 2,158 7,462 (1,391) 15,218 
1954 0 14,909 13,968 7,021 940 1 10,339 0 1,743 8,115 ~2,269~ 13,166 
1955 0 6,255 5,422 5,051 834 0 7,342 0 451 6,468 1,868 5,804 
1956 0 27,158 26,099 6,221 1,058 1 17,795 0 1,022 7,845 1,353 26,136 
1957 0 10,196 9,315 5,661 880 2 8,552 0 1,062 7,348 (1,802) 9,133 
1958 0 32,590 31,417 7,267 1,173 0 16,086 0 2,260 9,307 761 30,330 
1959 0 10,755 9,880 5,294 875 0 8,800 0 1,561 6,737 ~1,448) 9,194 
1960 0 6,062 5,230 5,203 832 3 6,803 0 159 6,015 1,807) 5,903 
1961 0 6,020 5,189 5,097 831 3 6,750 0 184 5,959 

r·898! 
5,836 

1962 0 8,134 7,281 5,063 853 3 7,528 0 150 5,947 1,101 7,984 
1963 0 18,707 17,694 7,329 1,013 0 11,162 0 1,455 8,106 1,473 17,252 
1964 0 7,008 6,169 5,143 839 1 7,793 0 567 6,481 (1,937) 6,441 
1965 0 19,912 18,920 6,670 991 1 14,496 0 621 7,272 137 19,290 
1966 0 8,964 8,102 5,602 862 0 8,613 0 895 7,298 (1 ,855) 8,069 
1967 0 21,799 20,750 7,553 1,049 1 13,108 0 2,132 8,997 (1~ 19,667 
1968 0 12.n8 11,884 5,557 894 0 9,256 0 2,683 7,466 (1,9 10,095 
1969 0 29,568 28,445 7,967 1,123 1 16,813 0 2,213 8,643 3,4n 27,355 
1970 0 28,036 26,997 5,637 1,039 0 18,655 0 2,n5 7,806 978 25,261 
1971 0 16,639 15,687 7,094 952 1 12.449 0 972 7,785 ~1,15~ 15,667 
1972 0 7,581 6,735 5,409 846 0 7,849 0 863 7,206 2,412 6,718 
1973 0 19,3n 18,410 6,821 966 0 12,919 0 1,223 7,832 (229 18,153 
1974 0 32,083 30,958 6,944 1,126 1 19,746 0 1,800 8,628 338 30,284 
1975 0 16,975 16,015 6,627 960 0 10,903 0 2,030 8,523 ~1 '11 0~ 14,945 
1976 0 5,528 4,706 4,416 821 1 6,343 0 532 5,531 1,795 4,995 
19n 0 3,682 2,882 3,657 800 3 4,264 0 24 3,076 (452) 3,658 
1978 0 17,228 16,266 7,933 962 3 10,117 0 1,797 6,304 374 15,431 
1979 0 10,275 9,397 5,844 878 1 8,242 0 1,255 7,059 (900) 9,020 
1980 0 23,524 22,522 6,568 1,002 1 14,443 15 1,468 7,141 2,n2 22,056 
1981 0 8,612 7,757 5,109 855 0 7,849 0 1,412 7,000 (1 ,848) 7,200 
1982 0 36,973 35,733 7,099 1,240 1 20,240 0 2,020 9,287 4,933 34,952 
1983 0 64,141 62,588 6,197 1,553 0 31,346 0 5,222 10,635 16,369 58,919 
1984 0 30,285 29,222 5,676 1,063 0 20,548 0 3,493 8,069 4,735 26,792 
1985 0 8,501 7,647 5,068 854 0 8,383 0 893 6,827 (1,484) 7,608 
1986 0 28,103 27,051 6,155 1,052 1 14,333 33 859 7,127 4,132 27,245 
1987 0 5,913 5,083 4,819 829 2 6,602 0 118 5,926 ~1,389! 5,794 
1988 0 5,167 4,349 4,505 818 3 5,648 0 209 4,655 1,170 4,958 
1989 0 6,669 5,825 . 4,816 844 2 6,313 0 234 5,512 

(1f= 
6,435 

1990 0 4,640 3,825 4,506 814 3 5,037 0 72 4,137 4,568 
1991 0 4,878 4,062 4,088 816 3 4,808 0 20 3,828 4,858 

' \ Average 0 14,587 13,656 5,802 931 1 10,291 1 1,029 6,741 (142) 13,558 



•. •• Available 
· ·-. fur DW • ·• Delta 

Water Diversion Storage 
Year -.... (TAP) ('rAf) 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Average 

276 
1,512 

0 
597 
201 

1,965 
1,828 

0 
85 

0 
0 
0 
0 

335 
1,139 

657 
7,363 

203 
2,041 
5,155 
4,080 
3,664 

0 
656 

1,792 
0 
0 

254 
21 

4,502 
4,681 
1,917 
1.497 

319 
4,549 

361 
5,034 

. 1,192 
0 

45 
679 

2,087 
756 

2,633 
726 

3,091 
1,224 
5,106_ 
4,599 
2,192 

76 
3,239 
5,060 
1,805 

131 
0 

2,136 
488 

4,574 
271 

7,154 
19,189 
7,824 
1,001 
5,489 

0 
218 

24 
0 
0 

1,996 

238 
238 

0 
222 
186 
238 
238 

0 
86 

0 
0 
0 
0 

238 
238 
238 
238 
207 
238 
238 
238 
238 

0 
222 
238 

0 
0 

238 
22 

238 
238 
238 
238 
238 
238 
209 
238 
238 

0 
41 

222 
238 
238 
238 
238 
238 
238 
238 
238 
238 
78 

238 
238 
238 
132 

0 
238 
238 
238 
238 
238 
238 
238 
238 
238 

0 
223 

25 
0 
0 

173 

Table A1-20. Continued 

>Delta < > Detta Delta • Final ·· Final > 1 Final. s--Mile Old Ri'ver < Fmal . Old & • 

StoragEI St()rage StoragEI Total . QWEST Delta .SFII.oug··_-
0
_.- __ .w· h.•.--·.··-···--··-·-·. Divenliari AntiOch. Middfe-. 

Diversion · Export Outflow • t:xport _ Aow ·• · .outflow •·- · -•·• • Aow ·•_•_· -·•• <FlOw -•·.•. f'low · 
{TAF) {TAF) . ('rAf) (TAF) {TAF) {TAF) •. (TJ\F) . . {TAey ·•••• (T'AF) . {fAF) 

263 
238 

0 
241 
201 
274 
247 

0 
85 

0 
0 
0 
0 

237 
235 
259 
265 
203 
242 
249 
247 
243 

0 
241 
234 

0 
0 

233 
21 

244 
303 
194 
419 
234 
249 
361 
271 
427 

0 
45 

241 
303 
435 
247 
243 
272 
226 
400 

98 
433 
76 

244 
252 
257 
131 

0 
- 243 

235 
239 
233 
492 

98 
11 

242 
259 

0 
218 

24 
0 
0 

191 

219 
241 

0 
190 
154 
243 
208 

0 
72 

0 
0 
0 
0 

207 
206 
214 
225 
172 
214 
219 
213 
210 

0 
190 
242 

0 
0 

208 
6 

206 
225 
206 
383 
204 
219 
335 
225 
428 

0 
34 

192 
267 
397 
217 
204 
218 
206 
219 
208 
417 

61 
209 
213 
208 
128 

0 
213 
206 
209 
205 
219 

41 
208 
204 
208 

0 
190 

14 
0 
0 

166 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

7,404 
7,453 
4,561 
6,171 
6,130 
7,749 
7,600 
4,583 
5,282 
3,341 
4,444 
3,696 
3,878 
6,481 
6,685 
6,392 
8,922 
6,315 
7,299 
7,700 
8,515 
7,976 
6,045 
6,880 
7,118 
6,048 
6,390 
6,123 
6,492 
8,021 
9,100 
7,668 
8,498 
6,671 
8,064 
7,683 
9,532 
7,165 
6,015 
5,993 
6,139 
8,374 
6,879 
7,490 
7,501 
9,215 
7,672 
8,861 
8,014 
8,202 
7,268 
8,041 
8,841 
8,731 
5,659 
3,076 
6,517 
7,266 
7,350 
7,204 
9,505 

10,676 
a,2n 
7,031 
7,335 
5,926 
4,844 
5,526 
4,137 
3,828 

6,907 

(440) 
(794) 

(1 ,149) 
(1 ,155) 

~1,48~ 1,326 
1,58 

(906n 
(1 ,30 

(301 
11 

~~~ 
~~~~ 
245 

3,170 
(1 ,767) 

(808) 
1,494 

193 
817 

(1 ,281) 
(1 ,041~ 

(885 
(1 ,599 

~
1 ,519) 
1,495) 
1 ,517) 

663 
711 

(1 ,585) 
(2,688) 
(2,102) 
1,103 

(2,163) 
491 

(1 ,875) 
(1 ,807) 

~1,94~ 1,342 
1,n6 

(2,372) 
(110) 

(2,097) 
(457) 

(2,203) 
3,on 

879 
(1 ,590~ 
(2,488 

(472 
86 

(1 ,368) 
(1 ,926) 

(452) 
131 

(1,135) 
2,533 

(2,081) 
4,441 

16,271 
4,723 

(1 ,726) 
3,873 

(1 ,389) 
(1 ,388) 

(1~= 

(333) 

11,057 
9,544 
4,161 
7,804 
6,578 

16,118 
12,966 

4,553 
5,959 
3,688 
5,553 
4,295 
4,712 
8,892 

10,317 
9,106 

34,205 
5,096 

16,768 
29,072 
25,169 
18,300 
6,405 
7,867 

12,200 
5,568 
7,320 
6,685 
7,223 

18,943 
25,534 
15,023 
12,747 
5,570 

25,887 
a,n3 

30,060 
8,768 
5,903 
5,791 
7,743 

16,949 
6,006 

19,043 
7,826 

19,395 
9,869 

26,955 
25,163 
15,234 
6,642 

17,910 
30,032 
14,688 
4,864 
3,658 

15,188 
8,785 

21,817 
6,967 

34,460 
58,821 
26,780 
7,366 

26,985 
5,794 
4,740 
6,411 
4,568 
4,858 

13,367 

2,839 
2,679 
1,627 
2,469 
2,366 
4,501 
3,913 
1,583 
2,127 
1,051 
1,309 
1,216 
1,432 
2,616 
2,655 
2,006 
6,255 
2,182 
4,365 
5,972 
5,n9 
3,840 
2,217 
2,426 
3,353 
2,199 
2,562 
2,402 
2,539 
4,073 
5,579 
4,392 
4,468 
2,471 
5,447 
3,252 
6,749 
3,094 
2,390 
2,437 
2,561 
4,939 
2,724 
4,521 
2,996 
4,785 
3,530 
4,618 
5,406 
4,442 
2,937 
4,445 
6,973 
4,194 
2,216 
1,128 
3,482 
2,689 
3,718 
2,788 
5,617 
4,822 
3,685 
2,683 
4,187 
2,137 
1,889 
2,3n 
1,573 
1,4n 

3,320 

1,587 
1,369 

825 
852 
an 

1,038 
996 
851 
764 
831 
943 
853 
805 

1,100 
1,192 
1,494 
3,087 

995 
1,046 
2,157 
1,534 
1,611 

984 
1,254 
1,139 

958 
806 
842 
866 

1,430 
1,548 
1,084 

908 
839 

1,711 
964 

2,019 
997 
802 
763 
892 

1,021 
849 

1,246 
1 '110 
1,729 

943 
3,097 
1,632 

993 
902 

1,204 
1,154 
1,176 

755 
676 

1,158 
1,220 
2,567 
1,068 
3,355 
9,324 
3,669 
1,103 
2,756 

919 
685 
646 
633 
634 

1,369 

2,399 
1,885 

478 
1,315 

885 
3,175 
2,326 

6n 
820 
750 

1,320 
872 
868 

1,659 
2,231 
2,251 
9,424 

414 
3,558 
7,466 
5,972 
4,657 

936 
1,384 
2,468 

600 
1,043 906 
1,022 
4,736 
6,290 
2,807 
1,780 

369 
6,551 
1,090 
7,240 
1,220 

583 
495 

1,219 
3,163 

352 
4,411 

899 
4,328 
1,327 
7,694 
6,285 
2,853 

449 
3,973 
7,060 
2,826 

290 
676 

3,613 
1,554 
6,251 

707 
10,057 
21,093 
8,408 

958 
8,059 

748 
501 
810 
690 
893 

2,987 

(6,316) 
(6,57~ 
(4,395 
(5,79 
(5,791~ 
(7,190 
(7, 151 

~
4,338) 
5,078) 
3,120) 

~4,014~ 3,461 
3,672 

~~:~~~~ 
(5,343 
{6,209 

~~:~~ 
~5,800~ 
(7.42m (6,863 
(5,623 

{

6,160) 
6,553) 
5,702) 

~6,165~ 5,870 
6,215 

~,06~ ,962 
,139 

~:~~ ,n3 
,298 

(7,832~ (6,759 
(5,812 
(5,817) 
(5,782) 
(7,797) 

(6,~ (6,763 
(6,974 

~:~~ 
~6.176~ 
(6,885) 

~:~~ 
~.1s4~ 
(8,170~ 
(8,090 
(5,563 

~3,05~ 5,73 
6,555 

~5,2~5 6,736 
6,4 

~~:~~~ 
~~:=~ 
~~:~:~~~~ 4,09 
3,792 

(6,056) 



Table A1-21. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 1 Cumulative Conditions 

OW diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 15 30 0 0 0 0 
60 0 0 0 15 31 0 0 0 0 
70 0 0 13 15 31 49 0 0 0 
80 0 517 839 620 31 49 76 0 0 
90 1,815 4,000 3,871 3,871 2,790 49 76 99 0 

100 3,871 4,000 3,871 3,871 4,000 3,871 1,068 1,572 118 
Mean 415 613 617 702 443 173 35 36 8 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 (0) 0 0 0 (0) (0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 29 70 12 0 0 
40 0 0 0 n 186 183 153 110 86 
50 0 0 0 238 222 229 207 147 132 
60 0 0 83 238 236 235 231 198 182 
70 0 124 238 238 238 238 234 224 193 
80 0 204 238 238 238 238 238 232 220 
90 203 238 238 238 238 238 238 238 231 

100 238 238 238 238 238 238 238 238 238 
Mean 35 69 96 139 153 157 147 130 118 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 52 0 
80 0 0 0 0 0 0 0 456 136 
90 0 0 0 0 0 0 637 703 586 

100 0 2,543 3,313 0 4,000 2,691 1,332 2,428 2,822 
Mean 0 45 171 0 169 71 140 236 130 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr M~ Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 - 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,075 3,220 2,842 2,455 1,145 

10 5,115 5,373 7,347 8,701 6,407 4,525 3,672 3,267 5,500 
20 6,844 6,628 7,821. 10,950 7,754 6,095 4,071 3,691 5,568 
30 7,982 7,360 10,347 11,590 9,746 8,217 4,908 4,375 5,804 
40 8,490 8,371 11,155 13,474 11,320 10,191 5,753 5,424 6,202 
50 9,045 10,658 12,309 14,500 14,500 12,287 6,573 6,047 6,595 
60 9,700 12,910 13,448 14,500 14,500 13,992 7,380 6,581 6,968 
70 11,911 14,219 14,500 14,500 14,500 14,500 8,921 7,882 7,148 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 9,632 8,756 
90 14,900 14,900 14,500 14,500 . 14,500 14,500 11.760 11,760 11,317 

100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 
Mean 9,962 10,461 11,640 12,762 11,842 10,832 7,379 6,866 7,476 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

130 0 3,888 
2 0 123 

Jul Aug Sep 
0 (0) 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

238 189 238 
5 3 10 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1,079 0 0 
2,000 0 0 
2,302 0 0 
2,9n 0 0 
3,378 0 0 
3,627 0 0 
3,741 1,379 0 
1,759 29 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
6,208 3,508 3,617 
7,611 4,790 5,915 
9,978 5,143 6,076 

11,365 5,924 6,384 
11,366 6,699 6,543 
12,180 7,367 6,710 
12,880 8,026 7,434 
13,530 9,675 10,087 
14.202 11,347 14,029 
14,900 14,900 14,900 
10,862 6,979 7,575 



Table A~-22a. DeltaSOS-Simulated DW Operations 
for Alternative 2 Cumulative Conditions: DW Diversions to Storage (cfs) 

Water Total 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF) 

1922 0 ol 0 0 2,790 0 0 1,791 0 0 0 0 276 
1923: 6771 69~ 1 

2,562 15 01 0 0 0 0 0 0 0 2381 
1924 0 0 0 0 0 0 0 0 0 0 0 24~ I 1925 0 0 0 0 4,000 0 0 0 0 0 0 0 
1926 0 0 0 0 3,343 0 0 0 0 0 0 0 201 
1927 0 517 0 3,871 31 49 76 0 0 0 0 0 274 
1928 0 4,000 0 2,219 0 3,051 0 0 0 0 0 0 558 
1929 0 0 0 0 0 0 0 0 0 0 0 0 

8~ I 1930 0 0 0 1,406 0 0 0 0 0 0 0 0 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 3,871 0 0 59 0 0 0 0 0 237 
1936 0 0 0 3,871 30 0 0 0 0 0 0 0 235 
1937 0 0 0 0 4,000 307 0 0 0 0 0 0 259 
1938 0 4,000 13 15 31 49 76 99 118 0 0 0 265 
1939 3,364 0 0 0 0 0 0 0 0 0 0 0 203 
1940 0 0 0 3,871 30 49 76 0 0 0 0 0 242 
1941 0 0 3,871 15 31 49 76 99 0 0 0 0 249 
1942 1,815 675 1,440 15 31 0 2,256 0 0 0 0 0 375 
1943 2,847 1,083 13 15 31 49 0 0 0 0 0 0 243 
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 4,000 0 0 0 0 0 0 0 241 
1946 0 0 3,871 15 0 0 0 0 0 0 0 0 234 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 3,871 0 0 0 0 0 0 233 
1950 0 0 0 353 0 0 0 0 0 0 0 0 21 
1951 0 4,000 13 15 31 0 0 0 0 0 0 0 244 
1952 0 0 3,871 15 30 49 76 99 118 0 0 779 303 
1953 2,853 0 2,092 15 0 0 0 0 0 0 0 0 299 
1954 0 2,926 0 3,871 31 49 76 0 0 0 0 0 419 
1955 0 0 3,871 15 0 0 0 0 0 0 0 0 234 
1956 0 0 3,871 15 30 49 0 312 0 0 0 0 258 
1957 2,486 0 0 0 528 2,975 0 0 0 0 0 0 361 
1958 0 0 3,871 15 31 49 76 99 118 0 0 233 271 
1959 3,178 0 0 3,871 31 0 0 0 0 0 0 0 427 
1960 0 ·0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 741 0 0 0 0 0 0 0 45 
1962 0 0 0 0 4,000 0 0 0 0 0 0 0 241 
1963 3,871 0 241 0 2,899 0 2,795 0 0 0 0 0 591 
1964 0 4,000 0 3,871 0 0 0 0 0 0 0 0 474 
1965 0 0 3,871 15 0 0 1,693 0 0 0 0 0 336 
1966 0 4,000 0 1,548 0 0 0 0 0 0 0 0 334 
1967 0 0 3,871 15 31 49 76 99 118 0 0 259 272 
1968 3,106 0 0 3,871 30 0 0 0 0 0 0 0 422 
1969 0 0 2,209 1,676 31 49 76 99 0 0 0 2,504 400 
1970 1,501 25 13 15 31 49 0 0 0 0 0 0 98 
1971 0 2,459 1,504 15 0 3,689 0 0 0 0 0 0 462 
1972 0 0 1,260 0 0 0 0 0 0 0 0 0 76 
1973 0 2,082 1,869 15 31 49 0 0 0 0 0 0 244 
1974 0 4,000 13 15 31 49 76 0 0 0 0 0 252 
1975 1,388 0 -o 0 4,000 307 0 0 0 0 0 0 343 
1976 1,768 409 0 0 0 0 0 0 0 0 0 0 131 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 3,871 31 49 76 0 0 0 0 0 243 
1979 0 0 0 3,871 31 0 0 0 0 0 0 0 235 
1980 0 0 839 3,046 30 49 0 0 0 0 0 0 239 
1981 0 0 0 3,871 0 0 0 0 0 0 0 0 233 
1982 0 4,000 13 15 31 49 76 99 0 0 0 3,888 492 
1983 161 25 13 15 31 49 76 99 118 130 0 914 98 
1984 53 25 13 15 30 49 0 0 0 0 0 0 11 
1985 0 4,000 13 0 0 0 0 0 0 0 0 0 242 

I 1986 0 0 0 0 4,000 307 0 0 0 0 0 0 259 

I 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 3,620 0 0 0 0 0 0 0 0 218 

I 1989 0 0 0 0 0 399 0 0 0 0 0 0 24 

I 1990 ' 0 0 gl 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 

Average 415 613 644 811 501 226 111 41 8 2 0 123 211 



Table A1-22b. DeltaSOS-Simulated DW Operations 
for Alternative 2 Cumulative Conditions: DW Discharge to Export Wheeling (cfs) 

Water Total 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF) 

1922 0 0 0 0 0 508 0 0 89 3,252 0 0 232 
1923 0 0 0 0 4,000 181 0 0 0 0 0 0 252 
1924 0 0 0 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 0 3,564 0 0 0 0 0 0 215 
1926 0 0 0 0 0 2,971 0 0 0 0 0 0 179 
1927 0 0 487 0 0 0 0 0 3,780 0 0 0 257 
1928 0 0 2,191 0 3,180 0 0 383 3,308 0 0 0 546 
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 0 1,525 0 0 0 0 0 0 0 92 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 0 4,000 181 0 0 0 0 0 0 252 
1936 0 0 0 0 0 2,726 0 407 416 0 0 0 214 
1937 0 0 0 0 0 0 0 2,456 1,166 0 0 0 218 
1938 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1939 0 1,743 1,640 0 0 0 0 0 0 0 0 0 204 
1940 0 0 0 0 0 0 0 457 3,308 0 0 0 227 
1941 0 0 0 0 0 0 0 0 3,882 0 0 0 234 
1942 0 0 0 0 0 3,1n 0 0 494 1,934 0 0 338 
1943 0 0 0 0 0 0 0 1,502 2,152 0 0 0 220 
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 0 2,801 555 53 0 0 0 0 205 
1946 0 0 0 0 4,000 181 0 0 0 0 0 0 252 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 0 0 945 2,727 0 0 0 221 
1950 0 0 0 0 360 0 0 0 0 0 0 0 22 
1951 0 0 0 0 0 1,879 167 0 1,545 0 0 0 216 
1952 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1953 0 1,795 0 0 3,869 300 0 0 0 0 0 0 359 
1954 0 0 2,819 0 0 0 0 354 3,414 0 0 0 397 
1955 0 0 0 0 4,000 181 0 0 0 0 0 0 252 
1956 0 0 0 0 0 0 144 0 1,750 1,933 0 0 231 
1957 0 2,543 0 0 0 0 562 0 2,659 0 0 0 347 
1958 0 0 0 0 0 0 0 0 0 3,741 0 0 225 
1959 0 1,990 1,387 0 0 3,822 0 0 0 0 0 0 434 
1960 0 0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 0 620 0 0 0 0 0 0 37 
1962 0 0 0 0 0 3,564 0 0 0 0 0 0 215 
1963 0 210 0 2,576 0 2,583 0 0 2,596 1,015 0 0 541 
1964 0 0 3,858 0 4,000 52 0 0 0 0 0 0 4n 
1965 0 0 0 0 740 3,126 0 6n n4 0 0 0 320 
1966 0 0 1,521 0 3,363 757 0 0 0 0 0 0 340 
1967 0 0 0 0 0 0 0 0 0 2,246 1,379 0 218 
1968 0 1,700 1,620 0 0 285 414 880 0 1,840 0 0 406 
1969 0 0 0 0 0 0 0 0 683 2,965 0 0 220 
1970 0 0 0 0 0 0 540 664 0 2,268 0 0 209 
1971 0 0 0 0 4,000 0 52 0 0 3,404 0 0 449 
1972 0 0 0 1,003 229 0 0 0 0 0 0 0 74 
1973 0 0 0 0 0 0 0 0 3,704 0 0 0 223 
1974 0 0 0 0 0 0 0 0 3,780 0 0 0 228 
1975 0 1,235 _156 0 0 0 0 0 3,704 0 0 0 307 
1976 0 0 2,126 0 0 0 0 0 0 0 0 0 128 
19n 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 0 67 3,711 0 0 0 228 
1979 0 0 0 0 0 1,192 0 0 2,422 0 0 0 218 
1980 0 0 0 0 0 0 556 1,548 1,549 0 0 0 220 
1981 0 0 0 0 3,242 866 0 0 0 0 0 0 248 
1982 0 0 0 0 0 0 0 0 3,583 159 0 0 225 
1983 0 0 0 0 0 0 0 0 0 0 685 0 41 
1984 0 0 0 0 0 0 139 536 0 2,784 0 0 208 
1985 0 0 0 2,703 1,246 0 0 0 0 0 0 0 238 
1986 0 0 0. 0 0 0 0 3,698 0 0 0 0 223 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 0 3,840 0 0 0 0 0 0 0 231 
1989 0 0 0 0 0 0 0 227 0 0 0 0 14 
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 

Average 0 160 254 90 651 507 45 212 817 500 29 0 197 



Table A1-22c. DeltaSOS-Simulated DW Operations 
for Alternative 2 Cumulative Conditions: DW End-of-Month Storage (TAP) 

Water 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

ol o[ 121 ' 208[ 
I 

I 1922 0 0 155 116 220 0 0 0' 

! 1923 42 I 81 238 i 238 14 ol 0 0 0' 0 0 0 
I 

I 1924 0 gl 0 0 0 01 0 0 0 0 0 0 

I 
' 0 0 1925 0 0 0 222 (0)1 0 0 0 0 

1926 0 0 0 0 186 (0) 01 0 0 0 0 0 
1927 0 31 0 238 238 238 238 232 0 0 0 0 
1928 0 238 102 238 53 238 234 204 (0) 0 0 0 
1929 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 86 (0) 0 0 0 0 0 0 0 
1931 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 238 14 0 4 0 0 0 0 0 
1936 0 0 0 238 238 67 63 32 (0) 0 0 0 
1937 0 0 0 0 222 238 234 76 (0) 0 0 0 
1938 0 238 238 238 238 238 238 238 238 0 0 0 
1939 207 102 0 0 0 0 0 0 0 0 0 0 
1940 0 0 0 238 238 238 238 204 0 0 0 0 
1941 0 0 238 238 238 238 238 238 (0) 0 0 0 
1942 112 150 238 238 238 40 169 163 127 (0) 0 0 
1943 175 238 238 238 238 238 234 135 (0) 0 0 0 
1944 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 222 47 9 0 0 0 0 0 
1946 0 0 238 238 14 0 0 0 0 0 0 0 
1947 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 238 234 169 (0) 0 0 0 
1950 0 0 0 22 0 0 0 0 0 0 0 0 

I 1951 0 238 238 238 238 119 105 99 (0) 0 0 0 
19521 21~ I 

0 238 238 238 238 238 238 238 0 0 46' 
I 1953 110 238 238 21 (0) 0 0 0 0 0 o[ 

1954 0 174 0 238 238 238 238 210 0 0 0 0 
1955 0 0 238 238 14 0 0 0 0 0 0 0 
1956 0 0 238 238 238 238 225 238 127 0 0 0 
1957 153 0 0 0 29 209 171 165 0 0 0 0 
1958 0 0 238 238 238 238 238 238 238 0 0 14 
1959 206 86 (0) 238 238 (0) 0 0 0 0 0 0 
1960 0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 41 0 0 0 0 0 0 0 
1962 0 0 0 0 222 (0) 0 0 0 0 0 0 
1963 238 224 238 79 238 76 238 232 70 (0) 0 0 
1964 0 238 0 238 6 0 0 0 0 0 0 0 
1965 0 0 238 238 195 (0) 101 53 0 0 0 0 
1966 0 238 144 238 50 0 0 0 0 0 0 0 
1967 0 0 238 238 238 238 238 238 238 92 (0) 15 
1968 203 100 0 238 238 217 188 128 121 0 0 0 
1969 0 0 136 238 238 238 238 238 190 (0) 0 149 
1970 238 238 238 238 238 238 201 154 147 0 0 0 
1971 0 146 238 238 14 238 230 224 217 (0) 0 0 
1972 0 0 n 15 0 0 0 0 0 0 0 0 
1973 0 124 238 238 238 238 234 227 (0) 0 0 0 
1974 0 238 238 238 238 238 238 232 0 0 0 0 
1975 85 10 - (0) 0 222 238 234 227 (0) 0 0 0 
1976 109 132 (0) 0 0 0 0 0 0 0 0 0 
19n 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 238 238 238 238 228 (0) 0 0 0 
1979 0 0 0 238 238 162 157 151 0 0 0 0 
1980 0 0 52 238 238 238 200 99 (0) 0 0 0 
1981 0 0 0 238 56 0 0 0 0 0 0 0 
1982 0 238 238 238 238 238 238 238 18 (0) 0 231 
1983 238 238 238 238 238 238 238 238 238 238 189 238 
1984 238 238 238 238 238 238 225 186 179 0 0 0 
1985 0 238 238 i1 0 0 0 0 0 0 0 0 
1986 0 0 0 0 222 238 234 (0) 0 0 0 0 
1987 0 0 0 0 0 0 0 0 0 0 0 gl 1988 0 0 0 223 (0) 0 0 0 0 0 0 
1989 i u 0 0 0 0 25 20 (0) 0 0 0 gl 1990 0 01 oi 0 0 0 0 0 0 0 
1991 0 0• oj 0 0 0 0 0 0 0 oj 

Average 35\ 62 86 129 120 100 102 88 37 5[ 3j 10 : 



Sac SJR Added 

Table A-:;-23. DeltaSOS Mean Annual Simulation Output 
for Alternative 2 Cumulative Conditions 

New Required Added New Steam & DCC Revised Revised 
Basin Basin Sac Sac SJR SJR SJR Sutter Rio Vista DCC Georgiana 

War Year Year Flow Flow Flow Flow Flow Flow Reduction 

Year Type Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 2 1 0 15,237 1,682 0 3,037 4,804 0 
1923 3 2 0 14,489 1,663 73 2,564 4,395 0 
1924 5 5 0 8,586 820 4 1,264 2,261 32 
1925 4 3 0 12,064 1,213 29 1.491 3,509 0 
1926 4 4 0 11,614 1,107 0 1,511 3,338 0 
1927 1 2 0 19,015 1,585 71 1,963 6,229 0 
1928 2 3 0 18.455 1,244 30 1,736 6,051 0 
1929 5 5 0 8,696 820 2 1,306 2,314 42 
1930 4 5 0 10,768 816 28 1.168 3,052 0 
1931 5 5 0 s,n5 790 2 1,257 1,651 91 
1932 4 2 0 8,618 1,244 0 1,655 2,274 0 
1933 5 4 0 7,535 1,004 0 1,388 1,931 97 
1934 5 5 0 8,173 820 4 1,205 2,172 66 
1935 3 2 0 12.496 1,4n 0 2,051 3,700 29 
1936 3 2 0 13,335 1,585 80 2,221 3,996 0 
1937 3 1 0 12.426 1,682 56 2,860 3,671 0 
1938 1 1 0 28,179 1,759 0 5.428 9,982 0 
1939 4 4 0 10,712 1,004 0 1,695 3,007 0 
1940 2 2 0 17,638 1,585 78 1,973 5,687 0 
1941 1 1 0 23,780 1,759 0 3,sn 8,157 0 
1942 1 1 0 25,353 1,759 0 2,986 8,822 0 
1943 1 1 0 20,972 1,759 78 3,229 6,984 0 
1944 4 3 0 11,388 1,140 45 1,688 3,253 0 
1945 3 2 0 12,566 1,507 n 2,321 3,714 0 
1946 3 2 0 16,1n 1,585 74 2,146 5,102 0 
1947 4 4 0 10,949 1,056 50 1,607 3,089 0 
1948 3 3 0 13,098 1,140 3 1.421 3,868 0 
1949 4 3 0 11,993 1,140 49 1.472 3,503 0 
1950 3 3 0 12,811 1,192 0 1.532 3,n4 0 
1951 2 2 0 21,672 1,663 80 2,663 7,244 0 
1952 1 1 0 28,323 1,759 0 3,023 9,970 0 
1953 1 3 0 18,839 1,295 0 1,965 6,162 0 
1954 2 3 0 19,873 1,244 29 1,601 6.490 0 
1955 4 4 0 11,447 1.004 0 1,365 3,263 0 
1956 1 1 0 21,768 1,759 0 3,270 7,335 0 
1957 2 3 0 15,092 1,244 27 1,812 4,642 0 
1958 1 1 0 26,266 1,759 1 3,397 9,182 0 
1959 3 4 0 14,716 1,159 69 1,800 4,523 0 
1960 4 5 0 11,339 846 30 1,247 3,228 0 
1961 4 5 0 11.459 842 40 1,179 3,280 0 
1962 3 3 0 12,372 1,110 45 1,530 3,632 0 
1963 1 2 0 20,611 1,585 0 1,934 s.8n 0 
1964 4 4 0 12,397 1,004 3 1,361 3,615 0 
1965 1 1 0 19,519 1,759 80 2,404 6.453 0 
1966 3 3 0 13,901 1,244 49 2,011 4,172 0 
1967 1 1 0 22,181 1,759 0 3,304 7,439 0 
1968 3 4 0 15,971 1,159 49 1,709 5,020 0 
1969 1 1 0 23,660 1,759 0 5,442 8,066 0 
1970 1 2 0 21,543 1,585 74 3,357 7,316 0 
1971 1 3 0 20,939 1,295 0 1,732 6,908 0 
1972 3 4 0 13,210 1,107 0 1,515 3,920 0 
1973 2 2 0 19,810 1,663 78 2,252 6,529 0 
1974 1 1 0 29,264 1,759 2 2,240 10,392 0 
1975 1 1 0 20,440 1,682 0 2,310 6,784 0 
1976 5 5 0 10,456 820 9 1,169 2,943 4 
19n 5 5 0 6,824 790 0 1,016 1,703 36 
1978 2 1 ().. 16,859 1,729 0 2,267 5,405 31 
1979 3 2 0 13,993 1,585 78 2,378 4,235 0 
1980 2 1 0 18,292 1.759 0 4,818 6,032 0 
1981 4 4 0 13,093 1,159 49 1,962 3,885 0 
1982 1 1 0 29,591 1,759 3 5,389 10.473 0 
1983 1 1 0 35,5n 1,759 0 15,726 12,980 0 
1984 1 2 0 23,213 1,585 74 6,524 7,985 0 
1985 4 4 0 13,038 1,107 50 1,909 3,861 0 
1986 1 1 0 18,958 1,682 0 4,814 6,463 0 
1987 4 5 0 10,952 846 16 1,661 3,102 0 
1988 5 5 0 9.416 790 6 1,020 2,563 38 
1989 4 5 0 11,782 842 31 1,036 3,442 31 
1990 5 5 0 8,675 790 4 944 2,288 52 
1991 5 5 0 8,612 816 37 995 2,286 29 

Average 0 15,998 1,326 26 2.427 5,091 8 

Notes: Definitions of the categories are provided in Table A2- 3 in Appendix A2. 
Water-year types: l=wet. 2=above normal, 3=below normal, 4=dry, 5=critically dry 
Negative values shown in parentheses. 

Flow &DCC 

(TAF) (TAF) 

949 3,631 
1,567 4,039 
1,115 2,902 
1,438 3,630 
1.419 3,554 
1,355 4,501 
1.4n 4,542 
1,147 2,939 
1,269 3,310 

875 2,453 
1,142 2,924 

908 2,579 
916 2,658 

1,301 3,554 
1,365 3,727 
1,290 3,547 
1,057 5,533 
1.498 3.498 
1.469 4.408 
1,370 5,188 
1,151 5,211 
1.426 4,820 
1.423 3,528 
1,386 3,653 
1,435 4,178 
1,438 3,480 
1,630 3,917 
1,421 3,616 
1,525 3,793 
1,526 5,004 
1,183 5,647 
1,240 4,362 
1,575 4,n8 
1,488 3,587 
1.499 5,011 
1,623 4,175 
1,243 5,417 
1,536 4,064 
1.455 3,546 
1,434 3,545 
1.418 3,656 
1,184 4,566 
1,540 3,756 
1,378 4,592 
1,502 3,913 
1,144 4,729 
1,525 4,226 
1,543 5,297 
1,506 5,006 
1,583 4,932 
1,524 3,842 
1,487 4,717 
1,580 6,144 
1,674 4,962 
1,324 3,307 

821 2,391 
1,187 4,063 
1,449 3,884 
1,267 4,358 
1,436 3,756 
1,562 6,157 
1,050 6,551 
1,190 4,958 
1,485 3,790 
1,300 4,534 
1,383 3,437 
1,161 3,048 
1,324 3.490 
1,143 2,939 
1,072 2,863 

1,347 4,090 

Revised QWESTw/ 
Rio Vista Initial 

Flow Export 

(TAF) (TAF) 

11,586 824 
10.425 465 
5,437 (1.130) 
9,040 (667) 
8,157 (1,037) 

17,527 212 
14,653 (275) 
5,573 (886) 
7,368 (1,02~ 
4,103 (28 
5,630 308 
4,753 (326l 
5,386 (423 
9,935 (372) 

10,821 136 
8,936 804 

31,093 5,905 
6,983 (510) 

17,640 100 
27,629 2,950 
25,051 2,793 
17,571 3,269 
7,790 (1,164) 
9,005 (244~ 13,192 (65 
7,285 (1,585 
8,948 !1,430~ 8,292 1,039 
8,851 1,161 

18,363 1,957 
24,889 2,963 
16,711 767 
15,551 (526l 
7,n5 (1.416 

24,852 2,374 
11,044 (740) 
29,612 3,022 
10,754 112 
7,825 (1,648) 
7,844 (1,714~ 
9,182 (951 

18,800 (18 
8,495 (1,369) 

19,247 758 
10,033 (959) 
19,913 1,947 
12,181 706 
23,945 5,690 
24,373 3,752 
16,920 (185l 

9,253 (1,549 
18,433 995 
30,030 2,138 
16,153 919 
6,917 (1,263) 
4,233 (428) 

- 15,113 2,171 
10,011 355 
19,356 4,240 

9,162 (436) 
30,065 6,953 
42,561 21,590 
22,157 8,228 
9,191 (591) 

23,167 4,991 
7,300 (1,270l" 
6,236 (961 
8,090 (1,30~~ 5,561 (812 
5,552 (564 

13,793 887 



Table A1-23. Continued 

Reduced Initial Initial Required Revised Reduced Reduced Net Adjusted Revised Revised 
Export for Collinsville Chipps Delta Montez. Export for Export Export Export Total OWEST Collinsville 

Water QWEST Outflow Outflow Outflow A ow Outflow Umits for Umits Change Export A ow Outflow 

Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

i ol 930 I i 
11.320 I 1922 12,321 11,391 6,103 1 8,364 0 1,001 7,185 (177) 

1923 Ol 10,803 9,917 5,833 886 0 9,521 0 1,021 7,212 (556) 9,782 
1924 0 4,180 3,375 4,063 805 3 5,401 0 19 4,561 (1,149) 4,161 
1925 0 8,292 7,430 5,195 862 3 7,312 0 246 5,981 (914) 8,045 
1926 0 7,022 6,175 5,006 847 3 6,923 0 243 5,976 (1,280~ 6,779 
1927 0 17,655 16,686 6,980 970 1 10,720 0 1,264 7,506 (1,052 16,391 
1928 0 14,277 13,355 6,665 922 1 10,032 0 1.064 7,391 (1,339 13,213 
1929 0 4,573 3,760 4,418 813 3 5,435 0 19 4,583 (906) 4,553 
1930 0 6,245 5,414 5,052 832 3 6,182 0 201 5,210 (1,222l 6,044 
1931 0 ·3,702 2,901 3,657 800 3 4,306 0 14 3,341 (301 3,688 
1932 0 5,849 5,019 5,190 831 1 5,625 0 297 4,444 11 5,553 
1933 0 4,313 3,503 4,050 810 3 4,694 0 18 3,696 ~~~ 4,295 
1934 0 4,853 4,038 4,532 815 3 4,803 0 141 3,878 4,712 
1935 0 9,477 8,584 6,455 893 3 7.413 0 348 6,274 rr~gl 9,129 
1936 0 10,877 9,993 6,248 883 3 8,419 0 325 6,478 10,552 
1937 0 9,666 8,791 5,287 874 3 7,752 16 300 6,179 504 9,365 
1938 0 36,940 35,736 8,125 1,204 1 18,482 0 2,470 8,697 3,435 34.470 
1939 0 6,353 5,520 4,357 833 0 6,865 0 1,055 6,143 (1,565) 5,298 
1940 0 17,676 16,697 7,246 979 3 10,409 0 665 7,085 (565) 17,011 
1941 0 30,529 29,403 7,010 1,125 1 16.412 0 1,207 7,482 1,744 29,322 
1942 0 27,769 26,688 6,671 1,082 0 16,125 0 2,353 8,302 440 25,416 
1943 0 20,751 19,767 7,309 984 0 13,363 0 2.208 7,766 1,060 18,543 
1944 0 6,521 5,686 4,952 835 3 6,788 0 117 6,045 (1,281) 6,405 
1945 0 8,664 7,806 5,277 858 1 7,966 0 557 6,691 ~800~ 8,108 
1946 0 13,020 12,120 6,279 900 1 11,239 0 586 6,876 651 12,434 
1947 0 5,583 4,756 5,072 827 3 6,751 0 15 6,048 (1,599 5,568 
1948 0 7,409 6,543 5,487 866 3 7,141 0 90 6,390 r-519~ 7,320 
1949 0 7,142 6,299 4,921 843 3 6,947 0 223 5,915 1,262 6,919 
1950 0 7,579 6,725 5,599 854 3 7,295 0 335 6,486 1,495 7,244 
1951 0 20,237 19,264 6,326 972 0 14,970 0 1,049 7,815 907 19,188 
1952 0 27,785 26,665 7,985 1.120 1 15,787 0 1,948 8,875 1,014 25,837 
1953 0 17,375 16,419 6,080 956 0 12,676 0 2,158 7,462 (1,391) 15,218 
1954 0 14,909 13,968 7,021 940 1 10,339 0 1,743 8,115 ~2,269) 13,166 
1955 0 6,255 5.422 5,051 834 0 7,342 0 451 6,468 1,868) 5,804 
1956 0 27,158 26,099 6,221 1,058 1 17,795 0 1,022 7,845 1,353 26,136 
1957 0 10,196 9,315 5,661 880 2 8,552 0 1,062 7,348 (1,802) 9,133 
1958 0 32,590 31,417 7,267 1,173 0 16,086 0 2,260 9,307 761 30,330 
1959 0 10,755 9,880 5,294 875 0 8,800 0 1,561 6,737 ~1,~ 9,194 
1960 0 6,062 5,230 5,203 832 3 6,803 0 159 6,015 1,80 5,903 
1961 0 6,020 5,189 5,097 831 3 6,750 0 184 5,959 (1,898~ 5,836 
1962 0 8,134 7,281 5,063 853 3 7,528 0 150 5,947 ~1,1 01 7,984 
1963 0 18,707 17,694 7,329 1,013 0 11,162 0 1.455 8,106 1,473 17,252 
1964 0 7,008 6,169 5,143 839 1 7,793 0 567 6,481 (1,937) 6,441 
1965 0 19,912 18,920 6,670 991 1 14.496 0 621 7,272 137 19,290 
1966 0 8,964 8,102 5,602 862 0 8,613 0 895 7,298 (1,855) 8,069 
1967 0 21,799 20,750 7,553 1,049 1 13,108 0 2,132 8,997 (185) 19,667 
1968 0 12.778 11,884 5,557 894 0 9,256 0 2,683 7,466 (1,977) 10,095 
1969 0 29,568 28,445 7,967 1,123 1 16,813 0 2,213 8,643 3.477 27,355 
1970 0 28,036 26,997 5,637 1,039 0 18,655 0 2,775 7,806 978 25,261 
1971 0 16,639 15,687 7,094 952 1 12,449 0 972 7,785 p.15~ 15,667 
1972 0 7,581 6,735 5,409 846 0 7,849 0 863 7,206 2,412 6,718 
1973 0 19,377 18,410 6,821 966 0 12,919 0 1,223 7,832 (229 18,153 
1974 0 32,083 30,958 6,944 1,126 1 19,746 0 1,800 8,628 338 30,284 
1975 0 16,975 16,015 6,627 960 0 10,903 0 2,030 8,523 ~1,110l 14,945 
1976 0 5,528 4,706 4,416 821 1 6,343 0 532 5,531 1,795 4,995 
1977 0 3,682 2,882 3,657 800 3 4,264 0 24 3,076 (452) 3,658 
1978 0 17,228 t6,266 7,933 962 3 10,117 0 1,797 6,304 374 15,431 
1979 0 10,275 9,397 5,844 878 1 8,242 0 1,255 7,059 (900) 9,020 
1980 0 23,524 22,522 6,568 1,002 1 14,443 15 1,468 7,141 2,772 22,056 
1981 0 8,612 7,757 5,109 855 0 7,849 0 1.412 7,000 (1,848) 7,200 
1982 0 36,973 35,733 7,099 1,240 1 20,240 0 2,020 9,287 4,933 34,952 
1983 0 64,141 62,588 6,197 1,553 0 31,346 0 5,222 10,635 16,369 58,919 
1984 0 30,285 29,222 5,676 1,063 0 20,548 0 3,493 8,069 4,735 26,792 
1985 0 8,501 7,647 5,068 854 0 8,383 0 893 6,827 (1,484) 7,608 
1986 0 28,103 27,051 6,155 1,052 1 14,333 33 859 7,127 4,132 27,245 
1987 0 5,913 5,083 4,819 829 2 6,602 0 118 5,926 (1,389) 5,794 
1988 0 5,167 4,349 4,595 818 3 5,648 0 209 4,655 (1,170) 4,958 
1989 0 6,669 5,825 4,816 844 2 6,313 0 234 5,512 (1~?~~ 6,435 
1990 0 4,640 3,825 4,506 814 3 5,037 0 72 4,137 4,568 

I 
1991 0 4,878 4,062 4,088 816 3 4,808 0 20 3,828 585 4,858 

Average 0 14,587 13,656 5,802 931 1 10,291 1 1,029 6,741 (142) 13,558 



Table A1-23. Continued 

Available Delta Delta Delta Final Final Final 3-Mile Old River Final Old& 
forDW Delta Storage Storage Storage Total QWEST Delta Slough Diversion Antioch Middle 

Water Diversion Storage Diversion Export Outflow Export A ow Outflow Flow Flow A ow Flow 

Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 276 220 276 232 0 7,417 (453) 11.044 2,843 1,587 2,390 (6,330) 
1923 1,512 238 238 252 0 7,464 (794l 9,544 2,679 1,369 1,885 (6,589) 
1924 0 0 0 0 0 4,561 (1,149 4,161 1,627 825 478 (4,395) 
1925 597 222 241 215 0 6,196 (1 ,155) 7,804 2,469 852 1,315 (5,821) 
1926 201 186 201 179 0 6,155 f ,481) 6,578 2,366 877 885 (5,816) 
1927 1,965 238 274 257 0 7,763 1,326) 16,118 4,501 1,038 3,175 (7,204) 
1928 1,828 238 558 546 0 7,937 (1 ,898) 12,654 4,010 996 2,113 (7,488) 
1929 0 0 0 0 0 4,583 (906) 4,553 1,583 851 677 (4,338) 
1930 85 86 85 92 0 5,302 (1.30n 5,959 2,127 764 820 (5,098! 
1931 0 0 0 0 0 3,341 (301 3,688 1,051 831 750 (3, 120 
1932 0 0 0 0 0 4,444 11 5,553 1,309 943 1,320 ~4,014) 

I 1933 0 0 0 0 0 3,696 (344) 4,295 1,216 853 872 3,461) 
1934 0 0 0 0 0 3,878 (564) 4,712 1,432 805 868 (3,672) 
1935 335 238 237 252 0 6,526 (957) 8,892 2,616 1,100 1,659 ~5,924) 
1936 1,139 238 235 214 0 6,692 (424) 10,317 2,655 1,192 2,231 5,963) 
1937 657 238 259 218 0 6,397 245 9,106 2,006 1,494 2,251 ~5,348) 
1938 7,363 238 265 225 0 8,922 3,170 34,205 6,255 3,087 9,424 6,209) 
1939 203 207 203 204 0 6,347 (1,76~ 5,096 2,182 995 414 (5,977) 
1940 2,041 238 242 227 0 7,312 (808 16,768 4,365 1,046 3,558 (6,668) 
1941 5,155 238 249 234 0 7,715 1,494 29,072 5,972 2,157 7,466 (5,906) 
1942 4,080 238 375 338 0 8,640 65 25,041 5,819 1,534 5,884 (7,552) 
1943 3,664 238 243 220 0 7,986 817 18,300 3,840 1,611 4,657 ~6,873) 
1944 0 0 0 0 0 6,045 (1 ,281) 6,405 2,217 984 936 5,623) 
1945 656 222 241 205 0 6,896 (1 ,041~ 7,867 2,426 1,254 1,384 (6,175) 
1946 1,792 238 234 252 0 7,128 (885 12,200 3,353 1,139 2,468 (6,564! 
1947 0 0 0 0 0 6,048 (1,599 5,568 2,199 958 600 (5,702 
1948 0 0 0 0 0 6,390 

r .519l 
7,320 2,562 806 1,043 (6,165) 

1949 254 238 233 221 0 6,136 1,495 6,685 2,402 842 906 (5,884) 
1950 21 22 21 22 0 6,507 1 ,517) 7,223 2,539 866 1,022 (6,230) 
1951 4,502 238 244 216 0 8,031 663 18,943 4,073 1,430 4,736 (7,075) 
1952 4,681 238 303 225 0 9,100 711 25,534 5,579 1,548 6,290 (7,962! 
1953 1,917 238 299 359 0 7,821 (1,690) 14,919 4,425 1,084 2,735 (7,293 
1954 1,497 238 419 397 0 8,512 ~2,688! 12,747 4,468 908 1,780 ~8,212! 
1955 319 238 234 252 0 6,720 2,102 5,570 2,471 839 369 6,436 
1956 4,549 238 258 231 0 8,076 1,095 25,878 5,450 1,711 6,545 (6,785) 
1957 361 209 361 347 0 7,695 (2,163) 8,773 3,252 964 1,090 (7,310) 
1958 5,034 238 271 225 0 9,532 491 30,060 6,749 2,019 7,240 (7,832) 
1959 1,192 238 427 434 0 7,171 ~1 ,875) 8,768 3,094 997 1,220 (6,766) 
1960 0 0 0 0 0 6,015 1,807) 5,903 2,390 802 583 (5,812) 
1961 45 41 45 37 0 5,997 ~1 ,942l 5,791 2,437 763 495 (5,820) 
1962 679 222 241 215 0 6,162 1,342 7,743 2,561 892 1,219 (5,804) 
1963 2,087 238 591 541 0 8,647 (2,064) 16,661 5,029 1,021 2,966 (8,071) 
1964 756 238 474 477 0 6,958 (2,411) 5,967 2,736 849 325 (6,724~ 
1965 2,633 238 336 320 ·0 7,593 (199l 18,954 4,549 1,246 4,350 (6,866 
1966 726 238 334 340 0 7,638 (2,189 7,735 3,025 1 '110 836 (7,110 
1967 3,091 238 272 218 0 9,215 (45~ 19,395 4,785 1,729 4,328 (7,8~ 
1968 1,224 238 422 406 0 7,872 (2,399 9,673 3,591 943 1,192 (7,509 
1969 5,106 238 400 220 0 8,863 3,077 26,955 4,618 3,097 7,694 (6,177) 
1970 4,599 238 98 209 0 8,015 879 25,163 5,406 1,632 6,285 (6,885! 
1971 2,192 238 462 449 0 8,234 ~1 ,619~ 15,205 4,451 993 2,833 (7,769 
1972 76 78 76 74 0 7,281 2,488 6,642 2,937 902 449 ~,015l 
1973 3,239 238 244 223 0 8,055 (472 17,910 4,445 1,204 3,973 ,198 
1974 5,060 238 252 228 0 8,856 86 30,032 6,973 1,154 7,060 ~8,185~ 1975 1,805 238 343 307 0 8,830 ~1 ,454l 14,602 4,221 1,176 2,767 8,189 
1976 131 132 131 128 0 5,659 1,926 4,864 2,216 755 290 5,563 
1977 0 0 0 0 0 3,076 (452) 3,658 1,128 676 676 

r-o5ol 1978 2,136 238 243 228 0 6,532 131 15,188 3,482 1,158 3,613 5,751 
1979 488 238 235 218 0 7,277 (1 ,135) 8,785 2,689 1,220 1,554 6,566) 
1980 4,574 238 239 220 0 7,361 2,533 21,817 3,718 2,567 6,251 (5,226) 
1981 271 238 233 248 0 7,247 (2,081) 6,967 2,788 1,068 707 ~6,779! 
1982 7,154 238 492 225 0 9,512 4,441 34,460 5,61.7 3,355 10,057 6,484 
1983 19,189 238 98 41 0 10,676 16,271 58,821 4,822 9,324 21,093 

r·539l 1984 7,824 238 11 208 0 8,277 4,723 26,780 3,685 3,669 8,408 5,153 
1985 1,001 238 242 238 0 7,065 (1 ,726) 7,366 2,683 1,103 958 6,503) 
1986 5,489 238 259 223 0 7,349 3,873 26,985 4,187 2,756 8,059 (4,956! 
1987 0 0 0 0 0 5,926 (1 ,389) 5,794 2,137 919 748 (5,620 
1988 218 223 218 231 0 4,886 (1,1 4,740 1,889 685 501 (4,777) 
1989 24 25 24 14 0 5,526 (1,56 6,411 2,377 646 810 ~;-47~~ 1990 0 0 0 0 0 4,137 !~84 4,568 1,573 633 690 4,095 
1991 0 0 0 0 0 3,828 585 4,858 1,477 634 893 3,792 

Average 1,996 173 211 197 0 6,938 (353) 13,347 3,326 1,369 2,973 (6,087) 



Table A1-24. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 2 Cumulative Conditions 

OW diversion (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar A_e_r M~ Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
I 20 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 15 30 0 0 0 0 
60 0 0 0 15 31 0 0 0 0 
70 0 0 13 15 31 49 0 0 0 
80 0 517 1,260 1,676 31 49 76 0 0 
90 1,815 4,000 3,871 3,871 2,899 307 76 99 0 

100 3,871 4,000 3,871 3,871 4,000 3,871 2,795 1,791 118 
Mean 415 613 644 811 501 226 111 41 8 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 10) 0 (0)_ (0)_ 0 (O_l (0) 

10 0 0 0 0 0 0 0 0 (0) 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 14 0 0 0 0 
50 0 0 0 238 56 0 9 0 0 
60 0 0 0 238 222 121 169 99 0 
70 0 86 238 238 238 238 230 169 0 
80 0 150 238 238 238 238 234 227 18 
90 203 238 238 238 238 238 238 238 190 

100 238 238 238 238 238 238 238 238 238 
Mean 35 62 86 129 120 100 102 88 37 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr M~ Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 52 0 0 494 
80 0 0 0 0 360 508 0 67 2,152 
90 0 0 1,387 0 3,840 2,726 139 664 3,414 

100 0 2,543 3,858 2,703 4,000 3,822 562 3,698 3,882 
Mean 0 160 254 90 651 507 45 212 817 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 - 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May_ Jun 
0 4,278 3,314 5,051 4,859 6,075 3,220 2,842 2,455 1,145 

10 5,115 5,373 7,347 8,701 6,836 4,706 3,622 3,174 5,500 
20 6,844 6,628 7,821 10,950 8,462 6,276 3,840 3,598 5,568 
30 7,982 7,360 9,901 11,590 10,331 9,000 4,240 4,033 5,804 
40 8,490 8,371 11,134 14,147 13,939 11,285 5,623 4,976 6,267 
50 9,045 10,658 12,749 14,500 14,500 13,755 6,573 5,858 6,976 
60 9,700 13,308 14,106 14,500 14,500 14,500 7,380 7,176 7,467 
70 11,911 14,900 14,500 14,500 14,500 14,500 8,921 8,416 9,632 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 9,437 10,590 
90 14,900 14,900 14,500 14,500 . 14,500 14,500 11,760 11.760 14,900 

100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 
Mean 9,962 10,5n 11,723 12,852 12,324 11,268 7,284 6,842 8,164 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

130 0 3,888 
2 0 123 

Jul Aug Sep 
(0) (0) 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

238 189 238 
5 3 10 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

2,268 0 0 
3,741 1,379 0 

500 29 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
4,447 3,508 3,617 
6,832 4,790 5,915 
8,143 5,143 6,076 
9,710 5,924 6,384 

11,365 6,699 6,543 
11,365 7,367 6,710 
11,366 8,026 7,434 
11,366 9,675 10,087 
11,367 11,347 14,029 
14,900 14,900 14,900 
9,603 6,979 7,575 



Table A;-2Sa. DeltaSOS-Simulated DW Operations 
for Alternative 3 Cumulative Conditions: DW Diversions to Storage (cfs) 

Water Total 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF} 

1922 0 0 ol ol 2,790 0 0 1,791 o. O! 0 ol 276 i 
1923 6n 692 5,3321 29 0 0 0 0 ol 0 0 01 405 I 
1924 0 0 01 0 0 0 0 0 0 0 0 0 oi 
1925 0 0 0 0 6,000 0 0 0 0 0 0 0 362 
1926 0 0 0 0 3,343 0 0 0 0 0 0 0 201 
1927 0 517 0 6,000 729 98 151 0 0 0 0 0 452 
1928 0 5,648 0 3,383 0 3,128 0 0 0 0 0 0 733 
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 1,406 0 0 0 0 0 0 0 0 85 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 5,499 0 0 59 0 0 0 0 0 335 
1936 0 0 0 6,000 704 0 0 0 0 0 0 0 404 
1937 0 0 0 0 6,000 1,281 0 0 0 0 0 0 439 
1938 0 6,000 822 29 61 98 151 198 235 0 0 0 458 
1939 3,364 0 0 0 0 0 0 0 0 0 0 0 203 
1940 0 0 0 4,529 2,276 98 151 0 0 0 0 0 425 
1941 0 0 6,000 632 61 98 151 198 0 0 0 0 430 
1942 1,815 675 4,210 29 61 0 2,256 0 0 0 0 0 545 
1943 2,847 2,827 1,095 29 61 98 0 0 0 0 0 0 419 
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 6,000 0 0 0 0 0 0 0 362 
1946 0 0 6,000 632 0 0 0 0 0 0 0 0 400 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 4,217 0 0 0 0 0 0 254 
1950 0 0 0 353 0 0 0 0 0 0 0 0 21 
1951 0 6,000 822 29 61 0 0 0 0 0 0 0 417 
1952 0 0 6,000 632 59 98 151 198 235 0 0 n9 491 
1953 2,853 0 4,914 29 0 0 0 0 0 0 0 0 470 
1954 0 2,926 0 6,000 729 98 151 0 0 0 0 0 597 
1955 0 0 3,898 1,397 0 0 0 0 0 0 0 0 319 
1956 0 0 6,000 632 59 98 0 484 0 0 0 0 438 
1957 2,486 0 0 0 528 2,975 0 0 0 0 0 0 361 
1958 0 0 4,523 2,109 61 98 151 198 235 0 0 233 458 
1959 3,178 0 0 6,000 729 0 0 0 0 0 0 0 597 
1960 0 Q 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 741 0 0 0 0 0 0 0 45 
1962 0 0 0 0 6,000 0 0 0 0 0 0 0 362 
1963 6,000 0 881 0 2,945 0 2,939 0 0 0 0 0 769 
1964 0 6,000 0 4,970 0 0 0 0 0 0 0 0 661 
1965 0 0 6,000 632 0 0 1,693 0 0 0 0 0 502 
1966 0 4,949 0 3,390 0 0 0 0 0 0 0 0 502 
1967 0 0 6,000 632 61 98 151 198 235 0 0 259 460 
1968 3,106 0 0 6,000 704 0 0 0 0 0 ·a 0 591 
1969 0 0 2,209 4,423 61 98 151 198 0 0 0 2,504 581 
1970 4,286 50 26 29 61 98 0 0 0 0 0 0 274 
1971 0 2,459 4,249 29 0 4,951 0 0 0 0 0 0 704 
1972 0 0 1,260 0 0 0 0 0 0 0 0 0 76 
1973 0 2,082 4,614 29 61 98 0 0 0 0 0 0 415 
1974 0 6,000 822 29 61 98 151 0 0 0 0 0 431 
1975 1,388 0 - 0 0 6,000 1,281 0 0 0 0 0 0 522 
1976 1,768 409 0 0 0 0 0 0 0 0 0 0 131 
19n 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 6,000 729 98 151 0 0 0 0 0 420 
1979 0 0 0 5,088 1,739 0 0 0 0 0 0 0 411 
1980 0 0 839 5,793 59 98 0 0 0 0 0 0 409 
1981 0 0 0 4,492 0 0 0 0 0 0 0 0 271 
1982 0 6,000 822 29 61 98 151 198 0 0 0 3,888 678 
1983 2,946 50 26 29 61 98 151 198 235 260 0 1,064 308 
1984 106 50 26 29 59 98 0 0 0 0 0 0 22 
1985 0 6,000 822 0 0 0 0 0 0 0 0 0 411 
1986 0 0 0 0 6,000 1,281 0 0 0 0 0 0 439 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 3,620 0 0 0 0 0 0 0 0 218 
1989 0 0 0 0 0 399 0 0 0 0 0 0 24 
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 

Average 526 848 1,117 1,295 796 305 127 55\ 17 4 0 125 314 



Table A1-25b. DeltaSOS-Simulated DW Operations 
for Alternative 3 Cumulative Conditions: DW Discharge to Export Wheeling (cfs) 

Water Total 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF) 

1922 0 0 0 0 0 508 0 0 89 2,787 0 0 204 
1923 0 0 0 0 6,000 1,031 0 0 0 0 0 0 424 
1924 0 0 gl 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 5,322 0 0 0 0 0 0 321 
1926 0 0 0 0 0 2,922 0 0 0 0 0 0 176 
1927 0 0 474 0 0 0 0 0 6,000 110 0 0 397 
1928 0 0 2,191 0 3,180 0 0 342 5,878 0 0 0 698 
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 0 1,495 0 0 0 0 0 0 0 90 
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 0 6,000 0 0 0 0 0 0 0 362 
1936 0 0 0 0 0 2,744 0 407 2,875 0 0 0 363 
1937 0 0 0 0 0 0 0 2,456 3,694 0 0 0 371 
1938 0 0 0 0 0 0 0 0 0 6,000 112 0 368 
1939 0 1,701 1,643 0 0 0 0 0 0 0 0 0 201 
1940 0 0 0 0 0 0 0 416 5,953 0 0 0 384 
1941 0 0 0 0 0 0 0 0 6,000 309 0 0 380 
1942 0 0 0 0 0 3,177 0 0 494 4,201 0 0 474 
1943 0 0 0 0 0 0 0 1,461 4,722 0 0 0 373 
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 0 2,801 555 652 0 499 0 0 272 
1946 0 0 0 0 6,000 1,031 0 0 0 0 0 0 424 
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 0 0 905 2,831 0 0 0 225 
1950 0 0 0 0 329 0 0 0 0 0 0 0 20 
1951 0 0 0 0 0 1,879 167 0 4,022 0 0 0 366 
1952 0 0 0 0 0 0 0 0 0 6,000 112 0 368 
1953 0 1,795 0 0 3,851 2,972 0 0 0 0 0 0 519 
1954 0 0 2,806 0 0 0 0 313 6,000 0 0 0 549 
1955 0 0 0 0 5,057 545 0 0 0 0 0 0 338 
1956 0 0 0 0 0 0 144 0 1,750 4,422 0 0 381 
1957 0 2,518 0 0 0 0 538 0 2,336 0 0 0 325 
1958 0 0 0 0 0 0 0 0 0 6,000 112 0 368 
1959 0 1,990 1,296 0 0 6,000 371 0 0 0 0 0 582 
1960 0 0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 0 571 0 0 0 0 0 0 34 
1962 0 0 0 0 0 4,309 895 0 0 0 0 0 314 
1963 0 210 0 2,576 0 2,601 0 0 2,596 3,404 0 0 686 
1964 0 0 4,215 0 6,000 740 0 0 0 0 0 0 660 
1965 0 0 0 0 740 5,782 0 636 596 0 0 0 467 
1966 0 0 1,521 0 3,363 3,413 0 0 0 0 0 0 500 
1967 0 0 0 0 0 0 0 0 0 2,174 3,938 0 368 
1968 0 1,700 1,530 0 0 285 390 839 0 3,463 477 0 523 
1969 0 0 0 0 0 0 0 0 683 5,454 0 0 370 
1970 0 0 0 0 0 0 517 630 0 3,461 948 0 335 
1971 0 0 0 0 5,431 0 29 0 0 3,463 1,942 0 655 
1972 0 0 0 1,003 184 0 0 0 0 0 0 0 72 
1973 0 0 0 0 0 0 0 0 6,000 0 0 0 362 
1974 0 0 0 0 0 0 0 0 6,000 110 0 0 368 
1975 0 1,235 118- 0 0 0 0 0 4,461 1,454 0 0 438 
1976 0 0 2,089 0 0 0 0 0 0 0 0 0 126 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 0 67 6,000 43 0 0 368 
1979 0 0 0 0 0 1,192 0 0 4,899 0 0 0 367 
1980 0 0 0 0 0 0 556 1,548 4,076 0 0 0 372 
1981 0 0 0 0 3,242 1 ,411 0 0 0 0 0 0 280 
1982 0 0 0 0 0 0 0 0 3,583 2,647 0 0 375 
1983 0 0 0 0 0 0 0 0 0 0 629 0 38 
1984 0 0 0 0 0 0 139 536 0 4,245 624 0 334 
1985 0 0 0 2,703 4,224 0 0 0 0 0 0 0 417 
1986 0 0 0 0 0 0 0 3,000 3,131 0 0 0 369 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 0 3,811 0 0 0 0 0 0 0 230 
1989 0 0 0 0 0 0 0 54 0 0 0 0 3 
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 

Average 0 159 255 90 841 732 61 204 1,352 861 127 0 282 



Table A1-25c. DeltaSOS-Simulated DW Operations 
for Alternative 3 Cumulative Conditions: DW End-of-Month Storage (TAF) 

Water 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

I 
1922 0 0 0 0 155 118 109 207 187 0 0 0 
1923 42 80 406 406 69 (0) 0 0 0 0 0 0 

I 

1924 0 0 0 0 0 0 0 0 0 0 0 0 
1925 0 0 0 0 333 0 0 0 0 0 0 0 
1926 0 0 0 0 186 (0) 0 0 0 0 0 0 
1927 0 31 0 369 406 406 406 394 23 0 0 0 
1928 0 336 200 406 220 406 397 364 (0) 0 0 0 
1929 0 0 0 0 0 0 0 0 0 0 0 0 
1930 0 0 0 86 (0) 0 0 0 0 0 0 0 
1931 0 0 0 0 0 0 0 0 0 0 0 0 
1932 0 0 0 0 0 0 0 0 0 0 0 0 
1933 0 0 0 0 0 0 0 0 0 0 0 0 
1934 0 0 0 0 0 0 0 0 0 0 0 0 
1935 0 0 0 338 2 0 4 0 0 0 0 0 
1936 0 0 0 369 406 231 222 185 0 0 0 0 
1937 0 0 0 0 333 406 397 234 (0) 0 0 0 
1938 0 357 406 406 406 406 406 406 406 21 0 0 
1939 207 103 (0) 0 0 0 0 0 0 0 0 0 
1940 0 0 0 279 406 406 406 368 (0) 0 0 0 
1941 0 0 369 406 406 406 406 406 35 (0) 0 0 
1942 112 149 406 406 406 205 330 318 274 0 0 0 
1943 175 340 406 406 406 406 397 295 (0) 0 0 0 
1944 0 0 0 0 0 0 0 0 0 0 0 0 
1945 0 0 0 0 333 155 113 61 47 0 0 0 
1946 0 0 369 406 69 (0) 0 0 0 0 0 0 
1947 0 0 0 0 0 0 0 0 0 0 0 0 
1948 0 0 0 0 0 0 0 0 0 0 0 0 
1949 0 0 0 0 0 259 250 182 0 0 0 0 
1950 0 0 0 22 (0) 0 0 0 0 0 0 0 
1951 0 357 406 406 406 284 266 253 0 0 0 0 
1952 0 0 369 406 406 406 406 406 406 21 0 46 
1953 215 105 406 406 189 (0) 0 0 0 0 0 0 
1954 0 174 (0) 369 406 406 406 375 4 0 0 0 
1955 0 0 240 324 40 0 0 0 0 0 0 0 
1956 0 0 369 406 406 406 388 406 288 0 0 0 
1957 153 0 0 0 29 206 165 153 0 0 0 0 
1958 0 0 278 406 406 406 406 406 406 21 0 14 
1959 203 81 0 369 406 31 0 0 0 0 0 0 
1960 0 0 0 0 0 0 0 0 0 0 0 0 
1961 0 0 0 0 41 0 0 0 0 0 0 0 
1962 0 0 0 0 333 62 (0) 0 0 0 0 0 
1963 369 353 406 246 406 240 406 394 225 (0) 0 0 
1964 0 357 96 400 52 (0) 0 0 0 0 0 0 
1965 0 0 369 406 362 (0) 101 49 0 0 0 0 
1966 0 294 199 406 216 (0) 0 0 0 0 0 0 
1967 0 0 369 406 406 406 406 406 406 256 0 15 
1968 200 96 0 369 406 382 350 286 272 44 (0) 0 
1969 0 0 136 406 406 406 406 406 351 (0) 0 149 
1970 406 406 406 406 406 406 366 315 301 72 0 0 
1971 0 146 406 406 101 399 389 377 363 134 (0) 0 
1972 0 0 77 14 (0) 0 0 0 0 0 0 0 
1973 0 124 406 406 406 406 397 385 14 0 0 0 
1974 0 357 406 406 406 406 406 394 23 0 0 0 
1975 85 9. 0 0 333 406 397 385 105 (0) 0 0 
1976 109 130 0 0 0 0 0 0 0 0 0 0 
1977 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 369 406 406 406 390 19 (0) 0 0 
1979 0 0 0 313 406 327 318 306 (0) 0 0 0 
1980 0 0 52 406 406 406 364 257 (0) 0 0 0 
1981 0 0 0 276 93 (0) 0 0 0 0 0 0 
1982 0 357 406 406 406 406 406 406 179 0 0 231 
1983 406 406 406 406 406 406 406 406 406 406 353 406 
1984 406 406 406 406 406 406 389 344 330 53 (0) 0 
1985 0 357 406 238 0 0 0 0 0 0 0 0 
1986 0 0 0 0 333 406 397 200 0 0 0 0 
1987 0 0 0 0 0 0 0 0 0 0 0 ol 
1988 0 0 0 223 (0) 0 0 0 0 0 0 0 
1989 0 0 0 0 0 25 16 0 0 0 0 0 
1990 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 

Average 44 84 137 210 205 175 174 159 72 15 5 12 



Sac SJR Added 

Table A~-26. DeltaSOS Mean Annual Simulation Output 
for Alternative 3 Cumulative Conditions 

New Required Added New Steam & DCC Revised Revised 
Basin Basin Sac Sac SJR SJR SJR Sutter Rio Vista DCC Georgiana 

Water Year Year Flow Flow Flow Flow Flow Flow Reduction 
Year Type Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 2 1 0 15,237 1,682 0 3,037 4,804 0 
1923 3 2 0 14,489 1,663 73 2,564 4,395 0 
1924 5 5 0 8,586 820 4 1,264 2,261 32 
1925 4 3 0 12,064 1,213 29 1,491 3,509 0 
1926 4 4 0 11,614 1,107 0 1,511 3,338 0 
1927 1 2 0 19,015 1,585 71 1,963 6,229 0 
1928 2 3 0 18,455 1,244 30 1,736 6,051 0 
1929 5 5 0 8,696 820 2 1,306 2,314 42 
1930 4 5 0 10,768 816 28 1,168 3,052 0 
1931 5 5 0 6,775 790 2 1,257 1,651 91 
1932 4 2 0 8,618 1,244 0 1,655 2.274 0 
1933 5 4 0 7,535 1,004 0 1,388 1,931 97 
1934 5 5 0 8,173 820 4 1,205 2,172 66 
1935 3 2 0 12,496 1,477 0 2,051 3,700 29 
1936 3 2 0 13,335 1,585 80 2,221 3,996 0 
1937 3 1 0 12,426 1,682 56 2,860 3,671 0 
1938 1 1 0 28,179 1,759 0 5,428 9,982 0 
1939 4 4 0 10,712 1,004 0 1,695 3,007 0 
1940 2 2 0 17,638 1,585 78 1,973 5,687 0 
1941 1 1 0 23,780 1,759 0 3,677 8,157 0 
1942 1 1 0 25,353 1,759 0 2,986 8,822 0 
1943 1 1 0 20,972 1,759 78 3,229 6,984 0 
1944 4 3 0 11,388 1,140 45 1,688 3,253 0 
1945 3 2 0 12,566 1,507 77 2,321 3,714 0 
1946 3 2 0 16,177 1,585 74 2,146 5,102 0 
1947 4 4 0 10,949 1,056 50 1,607 3,089 0 
1948 3 3 0 13,098 1,140 3 1,421 3,868 0 
1949 4 3 0 11,993 1,140 49 1,472 3,503 0 
1950 3 3 0 12,811 1,192 0 1,532 3,774 0 
1951 2 2 0 21,672 1,663 80 2,663 7,244 0 
1952 1 1 0 28,323 1,759 0 3,023 9,970 0 
1953 1 3 0 18,839 1,295 0 1,965 6,162 0 
1954 2 3 0 19,873 1,244 29 1,601 6,490 0 
1955 4 4 0 11,447 1,004 0 1,365 3,263 0 
1956 1 1 0 21,768 1,759 0 3,270 7,335 0 
1957 2 3 0 15,092 1,244 27 1,812 4,642 0 
1958 1 1 0 26,266 1,759 1 3,397 9,182 0 
1959 3 4 0 14,716 1,159 69 1,800 4,523 0 
1960 4 5 0 11,339 846 30 1,247 3,228 0 
1961 4 5 0 11,459 842 40 1,179 3,280 0 
1962 3 3 0 12,372 1,110 45 1,530 3,632 0 
1963 1 2 0 20,611 1,585 0 1,934 6,877 0 
1964 4 4 0 12,397 1,004 3 1,361 3,615 0 
1965 1 1 0 19,519 1,759 80 2,404 6,453 0 
1966 3 3 0 13,901 1,192 49 2,011 4,172 0 
1967 1 1 0 22.181 1,759 0 3,304 7,439 0 
1968 3 4 0 15,971 1,159 49 1,709 5,020 0 
1969 1 1 0 23,660 1,759 0 5,442 8,066 0 
1970 1 2 0 21,543 1,585 74 3,357 7,316 0 
1971 1 3 0 20,939 1,295 0 1,732 6,908 0 
1972 3 4 0 13,210 1,107 0 1,515 3,920 0 
1973 2 2 0 19,810 1,663 78 2,252 6,529 0 
1974 1 1 0 29,264 1,759 2 2,240 10,392 0 
1975 1 1 0 20,440 1,682 0 2,310 6,784 0 
1976 5 5 0 10,456 820 9 1,169 2,943 4 
1977 5 5 0 6,824 790 0 1,016 1,703 36 
1978 2 1 0 1o,859 1,729 0 2,267 5,405 31 
1979 3 2 0 13,993 1,585 78 2,378 4,235 0 
1980 2 1 0 18,292 1,759 0 4,818 6,032 0 
1981 4 4 0 13,093 1,159 49 1,962 3,885 0 
1982 1 1 0 29,591 1,759 3 5,389 10,473 0 
1983 1 1 0 35,577 1,759 0 15,726 12,980 0 
1984 1 2 0 23,213 1,585 74 6,524 7,985 0 
1985 4 4 0 13,038 1,107 50 1,909 3,861 0 
1986 1 1 0 18,958 1,682 0 4,814 6,463 0 
1987 4 5 0 10,952 846 16 1,661 3,102 0 
1988 5 5 0 9,416 790 6 1,020 2,563 38 
1989 4 5 0 11,782 842 31 1,036 3,442 31 
1990 5 5 0 8,675 790 4 944 2,288 52 
1991 5 5 0 8,612 816 37 995 2,286 29 

Aver_age 0 15,998 1,325 26 2,427 5,091 8 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-yeartypes: l=wet, 2=abovenormal, 3=belownormal, 4=dry, 5=criticallydry 
Negative values shown in parentheses. 

Flow &DCC 
(TAF) (TAF) 

949 3,631 
1,567 4,039 
1 '115 2,902 
1,438 3,630 
1,419 3,554 
1,355 4,501 
1,477 4,542 
1,147 2,939 
1,269 3,310 

875 2,453 
1,142 2,924 

908 2,579 
916 2,658 

1,301 3,554 
1,365 3,727 
1,290 3,547 
1,057 5,533 
1,498 3,498 
1,469 4,408 
1,370 5,188 
1,151 5,211 
1,426 4,820 
1,423 3,528 
1,386 3,653 
1,435 4,178 
1,438 3,480 
1,630 3,917 
1.421 3,616 
1,525 3,793 
1.526 5,004 
1,183 5,647 
1,240 4,362 
1,575 4,778 
1,488 3,587 
1,499 5,011 
1,623 4,175 
1,243 5,417 
1,536 4,064 
1,455 3,546 
1,434 3,545 
1,418 3,656 
1,184 4,566 
1,540 3,756 
1,378 4,592 
1,502 3,913 
1,144 4,729 
1,525 4,226 
1,543 5,297 
1,506 5,006 
1,583 4,932 
1.524 3,842 
1,487 4,717 
1,580 6,144 
1,674 4,962 
1,324 3,307 

821 2,391 
1,187 4,063 
1,449 3,884 
1,267 4,358 
1,436 3,756 
1,562 6,157 
1,050 6,551 
1,190 4,958 
1,485 3,790 
1,300 4,534 
1,383 3,437 
1,161 3,048 
1,324 3,490 
1.143 2,939 
1,072 2,863 

1,347 4,090 

Revised QWESTw/ 
Rio Vista Initial 

Flow Export 
(TAF) (TAF) 

11,586 850 
10,425 491 
5,437 (1,104) 
9,040 (642) 
8,157 (1,011) 

17,527 238 
14,653 (250) 
5,573 (861) 
7,368 !995~ 4,103 261 
5,630 334 
4,753 !~~ 5,386 
9,935 (346) 

10,821 161 
8,936 830 

31,093 5,930 
6,983 (484) 

17,640 126 
27,629 2.976 
25,051 2,819 
17,571 3.294 
7,790 (1,138) 
9,005 (218~ 13,192 (39 
7,285 (1,559 
8,948 r,404) 8,292 1,013) 
8,851 1,135) 

18,363 1,983 
24,889 2,988 
16,711 792 
15,551 (501) 
7,775 (1,391) 

24,852 2.400 
11,044 (714) 
29,612 3,048 
10,754 138 
7,825 (1,622) 
7,844 (1,688) 
9,182 (925) 

18,800 7 
8,495 (1,343) 

19,247 784 
10,033 (934) 
19,913 1,973 
12,181 732 
23,945 5,716 
24,373 3,778 
16,920 (159) 
9,253 (1,523) 

18,433 1,021 
30,030 2,164 
16,153 945 
6,917 (1,237) 
4,233 (402) 

15,113 2,197 
10,011 381 
19,356 4,265 
9,162 (410) 

30,065 6,979 
42,561 21,616 
22,157 8,253 

9,191 (565) 
23,167 5,017 
7,300 (1,245~ 
6,236 (935 
8,090 (1,2,~ 5,561 g: 5,552 

13,793 912 



Table A1-26. Continued 

ReduC9d Initial Initial Required Revised Reduced Reduced Net Adjusted Revised Revised 
Export for Collinsville Chipps Delta Montez. Export for Export Export Export Total QWEST Collinsville 

Water QWEST Outflow Outflow Outflow A ow Outflow Umits for Umfts Change Export A ow Outflow 

Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

' i 1922 0 12,347 11,416 6,103 931 0 8,364 0 1,016 7,201 (167) 11,330 
i 1923 0 10,829 9,942 5,833 887 0 9,521 0 1,036 7,227 (545} 9,792 

1924 0 4,206 3,401 4,063 805 0 5,401 0 40 4,582 (1,144} 4,166 
1925 0 8,317 7,456 5,195 862 0 7,312 0 268 6,003 (910} 8,049 
1926 0 7,048 6,200 5,006 847 0 6,923 0 263 5,997 (1,274~ 6,785 
1927 0 17,681 16,711 6,980 970 0 10,720 0 1,283 7,526 (1,045 16,398 
1928 0 14,303 13,380 6,665 922 0 10,032 0 1,083 7,411 (1,333 13,219 
1929 0 4,598 3,785 4,418 813 0 5,435 0 40 4,604 (901} 4,558 
1930 0 6,271 5,439 5,052 832 0 6,182 0 223 5,232 (1,218} 6,048 
1931 0 3,728 2,927 3,657 801 0 4,306 0 36 3,363 (297) 3,692 
1932 0 5,875 5,044 5,190 831 0 5,625 0 319 4,467 15 5,556 
1933 0 4,339 3,528 4,050 811 0 4,694 0 44 3,722 (344~ 4,295 
1934 0 4,879 4,064 4,532 816 0 4,803 0 164 3,900 (560 4,716 
1935 0 9,503 8,610 6,455 894 0 7,413 0 369 6,294 IT~~ 9,134 
1936 0 10,902 10,019 6,248 884 0 8,419 0 345 6,499 10,557 
1937 0 9,691 8,817 5,287 875 0 7,752 16 322 6,201 508 9,369 
1938 0 36,966 35,761 8,125 1,205 0 18,482 0 2,483 8,710 3,447 34,483 
1939 0 6,379 5,545 4,357 833 0 6,865 0 1,071 6,160 (1,556~ 5,307 
1940 0 17,702 16,722 7,246 979 0 10,409 0 690 7,109 (564 17,012 
1941 0 30,554 29,429 7,010 1,126 0 16,412 0 1,223 7,497 1,754 29,332 
1942 0 27,795 26,713 6,671 1,082 0 16,125 0 2,363 8,313 456 25,432 
1943 0 20,777 19,793 7,309 984 0 13,363 0 2,225 7,783 1,070 18,552 
1944 0 6,547 5,712 4,952 835 0 6,788 0 138 6,067 (1,277) 6,408 
1945 0 8,690 7,832 s.2n 858 0 7,966 0 575 6,709 fs93} 8,115 
1946 0 13,046 12,145 6,279 900 0 11,239 0 603 6,893 642~ 12,443 
1947 0 5,609 4,781 5,072 828 0 6,751 0 37 6,070 (1,596 5,572 
1948 0 7,435 6,569 5,487 866 0 7,141 0 108 6,409 r-51~ 7,327 
1949 0 7,168 6,324 4,921 844 0 6,947 0 244 5,936 1,25 6,924 
1950 0 7,605 6,751 5,599 854 0 7,295 0 355 6,506 1,490 7.249 
1951 0 20.263 19,290 6,326 973 0 14,970 0 1,066 7,832 916 19,196 
1952 0 27,811 26,691 7,985 1,120 0 15,787 0 1,962 8,888 1,027 25,850 
1953 0 17,401 16,445 6,080 956 0 12,676 0 2,169 7,473 (1,376} 15,232 
1954 0 14,935 13,994 7,021 941 0 10,339 0 1,761 8,134 ~2.262} 13,173 
1955 0 6,281 5,447 5,051 834 0 7,342 0 467 6,483 1,858} 5,814 
1956 0 27,183 26,125 6,221 1,059 0 17,795 0 1,038 7,861 1,363 26,146 
1957 0 10,221 9,341 5,661 881 0 8,552 0 1,082 7,368 (1,796} 9,139 
1958 0 32,616 31,443 7,267 1,173 0 16,086 0 2,271 9,317 777 30,346 
1959 0 10.781 9,906 5,294 875 0 8,800 0 1,576 6,752 ~1 ,438~ 9,205 
1960 0 6,088 5,256 5,203 832 0 6,803 0 181 6,037 1,803 5,907 
1961 0 6,045 5,214 5,097 831 0 6,750 0 205 5,981 ~1,89~ 5,840 
1962 0 8,160 7,307 5,063 853 0 7,528 0 172 5,969 1,09 7,988 
1963 0 18,732 17,719 7,329 1,013 0 11,162 0 1,464 8,115 (1,456} 17,269 
1964 0 7,034 6,195 5,143 839 0 7,793 0 587 6,501 (1,930} 6,447 
1965 0 19,937 18,946 6,670 992 0 14.496 0 642 7,293 142 19,295 
1966 0 8,990 8,128 5,602 863 0 8,613 0 911 7,314 {1 ,845) 8,079 
1967 0 21,825 2o,n6 7,553 1,049 0 13,108 0 2,145 9,010 {173~ 19,679 
1968 0 12,804 11,909 5,557 895 0 9,256 0 2,697 7,480 {1,965 10,107 
1969 0 29,594 28,470 7,967 1,124 0 16,813 0 2,226 8,656 3,489 27,368 
1970 0 28,062 27,022 5,637 1,039 0 18,655 0 2,788 7,820 990 25,273 
1971 0 16,665 15,713 7,094 952 0 12.449 0 988 7,800 ~1,14~ 15,6n 
1972 0 7,607 6,760 5,409 847 0 7,849 0 880 7,223 2,403 6,727 
1973 0 19,403 18,436 6,821 967 0 12,919 0 1,240 7,849 (220} 18,162 
1974 0 32,109 30,983 6,944 1,126 0 19,746 0 1,813 8,642 351 30,296 
1975 0 17,001 16,040 6,627 961 0 10,903 0 2,040 8,534 ~1,095~ 14,961 
1976 0 5,553 4,732 4,416 822 0 6,343 0 549 5,548 1.786 5,005 
19n 0 3,708 2,908 3,657 800 0 4,264 0 51 3,103 (453} 3,657 
1978 0 17,254 16,291 7,933 963 0 10,117 0 1,819 6,326 378 15,435 
1979 0 10,301 9,422 5,844 878 0 8,242 0 1,274 7,078 (893} 9,027 
1980 0 23,549 22,547 6,568 1,002 0 14,443 15 1,485 7,158 2,780 22,064 
1981 0 8,638 7,782 5,109 856 0 7,849 0 1,429 7,016 (1,839} 7,209 
1982 0 36,998 35,758 7,099 1,240 0 20,240 0 2,031 9,298 4,948 34,967 
1983 0 64,167 62,613 6,197 1,553 0 31,346 0 5,225 10,638 16,391 58,942 
1984 0 30,310 29,247 5,676 1,063 0 20,548 0 3,503 8,079 4,750 26,807 
1985 0 8,527 7,673 5,068 854 0 8,383 0 907 6,841 {1.472} 7,620 
1986 0 28,129 27,076 6,155 1,053 0 14,333 33 an 7,145 4,140 27,252 
1987 0 5,938 5,109 4,819 830 0 6,602 0 137 5,945 (1,382} 5,801 
1988 0 5,193 4,375 4,505 818 0 5,648 0 231 4,6n (1,166) 4,962 
1989 0 6,694 5,850 . 4,816 844 0 6,313 0 255 5,533 (1,538} 6,440 
1990 0 4,665 3,851 4,506 815 0 5,037 0 93 4,159 ~~:l 4,572 
1991 0 4,904 4,087 4,088 816 0 4,808 0 44 3,852 4,859 

Average 0 14,612 13,681 5,802 931 0 10,291 1 1,046 6,759 (134} 13,566 



Table A1-26. Continued 

Available Delta Delta Delta Final Final Final 3-Mile Old River Final Old& 
forDW Delta Storage Storage Storage Total QWEST Delta Slough Diversion Antioch Middle 

Water Diversion Storage Diversion Export Outflow Export A ow Outflow A ow A ow A ow A ow 

Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 276 207 276 204 Ol 7,405 (443) 11.054 2,840 1,5871 2,397 (6,317) 
1923 1,512 406 405 424 0 7,651 (951~ 9,387 2,728 1,369 1,778 ~6,776~ 1924 0 0 0 0 0 4,582 ~1 '144 4,166 1,626 825 482 4,416 
1925 597 333 362 321 0 6,324 1,271) 7,688 2,506 852 1,234 (5,949 

! 1926 201 186 201 176 0 6,173 (1,476) 6,583 2,364 877 888 (5,834~ 

I 

1927 1,966 406 452 397 0 7,922 ~1,497) 15,946 4,555 1,038 3,058 (7,363 
1928 1,827 406 733 698 0 8,109 2,066) 12,487 4,063 996 1,998 (7,660) 
1929 0 0 0 0 0 4,604 (90~ 4,558 1,581 851 681 (4,359~ 
1930 85 86 85 90 0 5,322 (1 ,303 5,963 2,126 764 823 ~5,118 

I 
1931 0 0 0 0 0 3,363 (29 3,692 1,050 831 753 3,142 

I 1932 0 0 0 0 0 4,467 15 5,556 1,308 943 1,323 
r-037) 1933 0 0 0 0 0 3,722 (344~ 4,295 1,216 853 872 3,486) 

1934 0 0 0 0 0 3,900 (560 4,716 1,431 805 871 3,695) 
1935 335 338 335 362 0 6,656 (1 ,050) 8,799 2,645 1,100 1,595 (6,054) 
1936 1,139 406 404 363 0 6,862 (588) 10,153 2,707 1,192 2,119 (6,133~ 
1937 657 406 439 371 0 6,571 70 8,931 2,061 1,494 2,131 (5,522 
1938 7,367 406 458 368 0 9,078 2,990 34,025 6,311 3,087 9,301 (6,365 
1939 203 207 203 201 0 6,361 (1 ,758~ 5,105 2,179 995 421 ~5,991~ 
1940 2,040 406 425 384 0 7,493 (989 16,587 4,422 1,046 3,433 6,849 
1941 5,158 406 430 380 0 7,877 1,323 28,901 6,026 2,157 7,349 (6,068) 
1942 4,083 406 545 474 0 8,787 (89) 24,887 5,868 1,534 5,778 fs,699~ 1943 3,664 406 419 373 0 8,155 651 18,133 3,892 1,611 4,543 ,042 
1944 0 0 0 0 0 6,067 (1 ,277) 6,408 2,216 984 939 ,645 
1945 656 333 362 272 0 6,980 r·154~ 7,754 2,461 1,254 1,307 ~6,260~ 1946 1,795 406 400 424 0 7,317 1,041 12,043 3,402 1,139 2,360 6,752 
1947 0 0 0 0 0 6,070 1,596 5,572 2,198 958 603 (5,724 
1948 0 0 0 0 0 6,409 

r .512~ 7,327 2,560 806 1,048 ~6,183~ 
1949 254 259 254 225 0 6,161 1,511 6,670 2,407 842 895 5,908 
1950 21 22 21 20 0 6,526 1,511 7,228 2,537 866 1,026 (6,249) 
1951 4,506 406 417 366 0 8,198 500 18,780 4,124 1,430 4,624 w241~ 1952 4,683 406 491 368 0 9,257 536 25,358 5,634 1,548 6,170 '118 
1953 1,920 406 470 519 0 7,992 (1 ,846) 14,762 4,474 1,084 2,628 ,464 
1954 1,497 406 597 549 0 8,684 ~2,8~ 12,577 4,521 908 1,662 r·l 1955 319 324 319 338 0 6,821 2,1 5,495 2,495 839 318 6,53 
1956 4,551 406 438 381 0 8,242 924 25,708 5,504 1,711 6,428 (6,951 
1957 361 206 361 325 0 7,693 (2,157) 8,778 3,250 964 1,093 (7,308 
1958 5,034 406 458 368 0 9,685 319 29,887 6,803 2,019 7,122 (7,98~ 
1959 1,192 406 597 582 0 7,334 ~2,034) 8,608 3,145 997 1,110 ~6,929 
1960 0 0 0 0 0 6,037 1,803) 5,907 2,389 802 586 5,834 
1961 45 41 45 34 0 6,016 ~1 ,938~ 5,795 2,436 763 498 ~5,839~ 1962 679 333 362 314 0 6,283 1,459 7,626 2,598 892 1,139 5,925 
1963 2,090 406 769 686 0 8,801 (2,226) 16,500 5,080 1,021 2,854 (8,225 
1964 756 400 661 660 0 7,161 (2,591) 5,787 2,792 849 201 (6,92~ 
1965 2,635 406 502 467 0 7,761 (360) 18,794 4,599 1,246 4,240 (7,034 
1966 726 406 502 500 0 7,813 (2,347) 7,577 3,074 1,110 727 (7,286) 
1967 3,093 406 460 368 0 9,379 (632) 19,219 4,840 1,729 4,208 (8,040~ 
1968 1,224 406 591 523 0 8,003 (2,556) 9,516 3,641 943 1,085 (7,641 
1969 5,107 406 581 370 0 9,026 2,908 26,787 4,670 3,097 7,579 (6,341 
1970 4,602 406 274 335 0 8,154 716 24,999 5,457 1,632 6,173 ~,025~ 1971 2,194 406 704 655 0 8,455 ~1 ,851) 14,973 4,524 993 2,673 ,990 
1972 76 78 76 72 0 7,295 2,479~ 6,651 2,934 902 455 ~,029 
1973 3,239 406 415 362 0 8,210 (635 17,747 4,496 1,204 3,861 ,353) 
1974 5,063 406 431 368 0 9,010 (8~ 29,865 7,025 1,154 6,945 ~8,33~ 1975 1,805 406 522 438 0 8,971 ~1 ,61 14,438 4,272 1,176 2,655 8,330 
1976 131 130 131 126 0 5,673 1,91 4,874 2,213 755 297 (5,5 
1977 0 0 0 0 0 3,103 (453~ 3,657 1,129 676 676 (3,0-rn 
1978 2,136 406 - 420 368 0 6,694 (43 15,015 3,536 1,158 3,494 ~5,913 
1979 488 406 411 367 0 7,445 (1 ,304 8,616 2,742 1,220 1,438 6,734) 
1980 4,574 406 409 372 0 7,531 2,371 21,655 3,769 2,567 6,140 (5,396) 
1981 271 276 271 280 0 7,297 (2,110) 6,939 2,797 1,068 687 ~6,828~ 
1982 7,159 406 678 375 0 9,673 4,270 34,290 5,670 3,355 9,940 6,645 
1983 19,194 406 308 38 0 10,676 16,083 58,633 4,881 9,324 20,964 r·539) 
1984 7,829 406 22 334 0 8,413 4,728 26,785 3,683 3,669 8,411 5,28~ 
1985 1,004 406 411 417 0 7,259 (1,883) 7,209 2,733 1,103 850 6,69 
1986 5,490 406 439 369 0 7,514 3,701 26,814 4,240 2,756 7,942 ~5,120~ 
1987 0 0 0 0 0 5,945 ~1 ,382) 5,801 2,135 919 753 5,639 
1988 218 223 218 230 0 4,906 1,384) 4,744 1,887 685 503 (4,797) 
1989 24 25 24 3 0 5,536 (1 ,562) 6,416 2,375 646 813 (5,483) 
1990 0 0 0 0 0 4,159 ~=~ 

4,572 1,572 633 692 (4.1m 
1991 0 0 0 0 0 3,852 4,859 1,477 634 894 (3,816 

Average 1,996 272 314 282 0 7,041 (448) 13,252 3,356 1,369 2,908 (6,191) 



Table A?,-27. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 3 Cumulative Conditions 

DW diversion (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 29 59 0 0 0 0 
60 0 0 0 29 61 0 0 0 0 
70 0 0 822 632 61 98 0 0 0 
80 0 517 1,260 3,390 729 98 151 0 0 
90 2,847 4,949 4,914 5,499 2,945 399 151 198 0 

100 6,000 6,000 6,000 6,000 6,000 4,951 2,939 1,791 235 
Mean 526 848 1,117 1,295 796 305 127 55 17 

DW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 (0) 0 (0) (0) (0) 0 (0) 

10 0 0 0 0 0 (0) 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 52 0 0 0 0 
50 0 0 0 276 189 31 16 0 0 
60 0 0 52 369 333 240 266 207 0 
70 0 81 278 406 406 406 389 315 14 
80 0 149 406 406 406 406 397 385 179 
90 200 357 406 406 406 406 406 406 330 

100 406 406 406 406 406 406 406 406 406 
Mean 44 84 137 210 205 175 174 159 72 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar A~ May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 683 
80 0 0 0 0 329 1,031 0 67 3,583 
90 0 0 1,296 0 3,851 2,922 167 636 5,878 

100 0 2,518 4,215 2,703 6,000 6,000 895 3,000 6,000 
Mean 0 159 255 90 841 732 61 204 1,352 

OW discharge for outflow (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar A~r May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 ~ 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,329 3,356 5,087 4,862 6,075 3,202 2,865 2.496 1,207 

10 5,166 5.415 7,383 8,704 6,836 4,723 3,645 3,215 5,500 
20 6,895 6,670 7,857 ·10,953 9,184 6,570 3,873 3,639 5,595 
30 8,033 7,402 9,937 11,593 12,331 9,174 4.412 4,074 5,804 
40 8,541 8.413 11,170 14,147 14,500 12,287 5,623 5,017 6,267 
50 9,096 10,700 12,749 14,500 14,500 14,500 6,573 6,047 7,026 
60 9,751 13,325 14,500 14,500 14,500 14,500 7,380 7,176 9,209 
70 11,962 14,900 14,500 14,500 14,500 14,500 8,921 8.457 10,551 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 9,437 12,588 
90 14,900 14,900 14,500 14,500. 14,500 14,500 11,760 11,760 14,900 

100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 
Mean 9,997 10,602 11,742 12,853 12,516 11.491 7,310 6,856 8,717 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

260 0 3,888 
4 0 125 

Jul Aug Sep 
(0) (0) 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

21 0 0 
406 353 406 

15 5 12 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1,454 0 0 
3,463 112 0 
6,000 3,938 0 

861 127 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,968 653 3,340 
4,519 3,564 3,661 
6,959 4,957 5,959 
8,325 5,199 6,120 

11,260 6,064 6,428 
11,437 7,028 6,587 
11,438 7,625 6,754 
11,438 8,521 7.478 
11,438 9,980 10,131 
13,615 11,403 14,073 
14,900 14,900 14,900 
10,034 7,132 7,615 
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Figure A3-1A. 
DeltaSOS-Simulated Mean Monthly Delta Outflow and Required Delta 
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Appendix A4. Possible Effects of Daily Delta Conditions on 
Delta Wetlands Project Operations and 
Impact Assessments 

SUMMARY 

This appendix evaluates how the averaging period used to simulate Delta conditions may influence estimates of the 
effects of Delta flows and Delta objectives on operations of the Delta Wetlands (DW) project. Results of daily simulations 
of Delta conditions, Central Valley Project (CVP) and State Water Project (SWP) operations, compliance with Delta 
objectives, and DW project operations are presented and comparison is made between these daily values and results of 
monthly simulations used in the DW project impact assessments. 

The Delta Standards and Operations Simulation (DeltaSOS) monthly operations model was modified to simulate 
Delta conditions with a daily time step based on the historical hydrologic record. Results of the daily model, DailySOS, 
show the effects of variations in daily hydrologic conditions in the Delta. The differences between the ranges of these daily 
values and monthly mean values are shown, and examples of averaging-period effects on simulated CVP and SWP 
operations and on DW project operations are presented. The discussion concludes that impact assessments of the DW 
project based on monthly models of Delta conditions and CVP and SWP operations provide the basis for a reliable 
evaluation of major potential impacts of the project on water supply, hydrodynamics, water quality, and fishery resources. 
It further concludes that DW project operations should be regulated using information on actual daily Delta flow and 
salinity conditions, DW project operating capacities,· CVP and SWP operations, and Delta objectives compliance and 
available water quality and fishery monitoring information. 

INTRODUCTION 

The principal impact assessments of the D W project 
presented in the environmental impact report/environ­
mental impact staterrient (EIRIEIS) are based on monthly 
models of hydrologic, water quality, and fishery condi­
tions in the Delta (i.e., models that use monthly average 
flows with a !-month time step for simulations). The 
DW project would be operated, however, in response to 
short-term changes in hydrologic, water quality, or fishery 
conditions. DW project operations will be coordinated 
with daily operations of the CVP and SWP and will com­
ply with all existing and future Delta water quality and 
fish protection requirements. 

Delta Wetlands Draft EIRIEIS 
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Purpose of This Appendix 

The purpose of this appendix is to compare likely 
daily Delta conditions, daily CVP and SWP operations, 
daily compliance with Delta objectives, and daily DW 
project operations with monthly simulations of these 
Delta conditions, compliance with objectives, and opera­
tions used in the impact assessments of this EIRIEIS. 

The results of the comparison of daily and monthly 
simulations of Delta conditions and DW operations will 
allow comparison between potential impacts of likely 
daily operation and monthly simulation of the DW pro­
ject, facilitating evaluation of possible bias and uncer­
tainty in the impact assessments. The description of daily 
Delta conditions, daily CVP and SWP operations, daily 
compliance with Delta objectives, and daily DW opera­
tions can be used to guide the formulation of: 

• water right permit terms and conditions, 
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• mitigation measures that may be necessary for 
potentially significant water quality or fishery 
impa<>ts, and 

• monitoring programs that may be required for 
compliance or mitigation. 

Daily Simulation Method 

To assess the potential effects of short-term changes 
in Delta conditions on operations of the DW project, the 
monthly model DeltaSOS was modified to simulate Delta 
conditions with a daily time step. A description of the 
daily model (DailySOS) and a comparison between 
DeltaSOS and DailySOS model results are presented in 
this appendix. Potential bias (consistently higher or 
lower simulation results) and uncertainty in the monthly 
water supply, hydrodynamic, water quality, and fishery 
impact assessments can be approximated from the differ­
ences between the daily and monthly Delta model results. 

Organization of This Appendix 

This appendix includes sections on the following: 

• daily DW project operations, 

• daily variations in Delta conditions, 

• daily CVP and SWP operations, 

• daily compliance with water quality objectives 
and fishery protection requirements, 

• possible daily· monitoring and mitigation mea­
sures, 

• comparison of simulated daily and monthly 
Delta conditions and DW operations, and 

• conclusions. 
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DAILY DW PROJECT OPERATIONS 

DW Diversion Facilities 

The DW project and proposed operations are fully 
described in Appendix 2, "Supplemental Description of 
the Delta Wetlands Project Alternatives", and are sum­
marized in Chapter 2, "Delta Wetlands Project Alter­
natives". Under the DW project, two new siphon 
stations, with 16 siphons each, would be installed on each 
reservoir island. Each siphon would have a diameter of 
36 inches and a maximum flow capacity of about 140 
cubic feet per second (cfs). Each siphon station would 
have a combined capacity of about 2,250 cfs. The diver­
sion rate ofDW siphons would not be constant but would 
be related to the amount of water already stored on the 
DW reservoir islands. The maximum diversion rate 
would be achieved when filling of a reservoir island 
began because the maximum head differential would exist 
between the channel water elevation and the reservoir 
water level. As the reservoir islands filled and the hy­
draulic head difference decreased, the siphon capacity 
would decline. Booster pumps would be installed in 
about half the siphons to maintain a diversion capacity of 
about 1 ,250 cfs for each siphon station. The booster 
pwnps will allow the islands to be filled to approximately 
6 feet above mean sea level. 

Fish screens would be installed around the intake 
end of each existing and new siphon pipe. The screens 
will be designed and operated to prevent entrainment and 
impingement of most adult and juvenile fish that are 
present in the Delta. The proposed design would consist 
of a barrel-type screen with a maximum approach 
velocity ofless than 0.33 feet per second (fps). The anti­
cipated hydraulic operation of the siphon stations to fill 
the reservoir islands is further described in Chapter 3B, 
"Hydrodynamics". 

The combined siphon capacity on two reservoir 
islands (four siphon stations) would be approximately 
9,000 cfs, and the average daily maximum diversion rate 
will be limited to 9,000 cfs. The diversion rate would 
reach this maximum during the first week of filling and 
would decline to less than 5,000 cfs as the reservoir 
islands were filled. The actual daily diversion rate will 
depend on the reservoir storage and the number of 
booster pumps that are used at each siphon station, as 
well as the availability of water for DW diversion. 
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Conditions· Required for 
DW Divenions 

The DW project would divert water to storage wtder 
appropriative water rights. The project permits, if grant­
ed by the California State Water Resources Control 
Board (SWRCB), would contain terms and conditions to 
protect prior riparian and appropriative water right 
holders and the public trust. All existing and any future 
Delta water quality objectives would apply to the project. 
The project permits may require that project operations, 
including those of the existing SWP and CVP Delta 
facilities, fully comply with any applicable conditions in 
biological opinions or allowable "take limits" for threat­
ened or endangered species. 

It is expected that the DW project diversions to 
storage would not be permitted to interfere with the 
diversion and use of water by other users holding riparian 
or prior appropriative rights. Although most riparian and 
senior appropriative water right holders are located 
upstream of the Delta in the Sacramento River or San 
Joaquin River basins, a large number of riparian and 
appropriative water right holders divert water from Delta 
locations. The CVP and SWP, as well as Contra Costa 
Water District (CCWD) and several smaller diverters, 
also hold senior appropriative water rights. The DW 
project would not interfere with diversions by these prior 
water right holders. 

Actual operation of the DW project would neces­
sarily be conducted on a daily basis. The California 
Department of Water Resources (DWR) Division of 
Operations and Maintenance and the U.S. Bureau of 
Reclamation (Reclamation) Central Valley Operations 
Coordinating Office (CVOCO) maintain daily water 
budget estimates for the Delta and designate whether 
Delta conditions each day are either "in balance" or "in 
excess" relative to all SWRCB objectives and water right 
terms and conditions. When the Delta is designated by 
DWR and CVOCO (with possible review by the 
CALFED Operations Group) to be "in balance", all Delta 
inflow is determined to !:!.e required to meet Delta 
objectives and satisfy diversions by CCWD, CVP, SWP, 
other senior water right holders, and Delta riparian users. 
No additional water would be available for diversion by 
the DW project when the Delta is "in balance". 

When the DWR Division of Operations and Main­
tenance and CVOCO determine that the Delta is "in 
excess", some water could be available to be diverted for 
storage on the DW project reservoir islands. DWR and 
CVOCO would estimate the daily quantity of available 
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excess water according to their normal accowtting 
procedures. However, these procedures must be 
approved by SWRCB, which has the fmal water alloca­
tion authority. Additional rules to govern allowable DW 
diversions would be provided by SWRCB in terms and 
conditions in water right permits. 

Delta conditions are currently governed by the 
SWRCB 1995 Water Quality Control Plan for the San 
Francisco Bay/Sacramento-San Joaquin Delta Estuary 
(1995 WQCP). One of the 1995 WQCP objectives 
limits maximum allowable SWP and CVP export diver­
sions to a specified percentage of the total Delta inflows. 
This specified percentage of total inflow may control the 
allowable exports and may determine when the Delta is 
designated by DWR and CVOCO to be "in balance" or 
"in excess". The Delta inflows would be "in excess" only 
if the allowable exports, as a specified percentage of 
Delta inflows, exceeded the SWP and CVP permitted 
pumping capacity. For example, with a permitted CVP 
and SWP combined rate of 11 ,280 cfs and a 35%-of­
inflow export limit, Delta inflows would be "in excess" 
only if they were greater than 32,228 cfs (11 ,280/0.35). 

Diversions under all the DW project alternatives are 
assumed in the impact analyses to be governed by the 
1995 WQCP "percentage of total inflow" (percent 
inflow) objective for export diversions (see Chapter 3A, 
"Water Supply and Water Project Operations", and 
Appendix A3, "DeltaSOS Simulations of the Delta 
Wetlands Project Alternatives", for additional discussion 
of this assumption). Therefore, DW diversions would 
only occur when the amowtt of allowable diversions (as 
a percentage of total inflow) was greater than the 
permitted maximum CVP and SWP pumping capacity. 

SWRCB may establish DW requirements for various 
"buffers" to further protect Delta standards and existing 
water right holders. A buffer would be a volume of Delta 
water exceeding the "in excess" threshold but which 
would not be available for diversion to the DW reser­
voirs. During major runoff events, considerable "excess" 
Delta inflow could be available above the specified 
"buffer" amowtts for diversion by the proposed DW 
project. 

DW Discharge Facilities 

One discharge pump station would be located on 
each reservoir island. The pump stations would consist 
of32 new pumps (on Webb Tract) or 40 new pumps (on 
Bacon Island) with 36-inch-diameter pipes discharging 
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to adjacent Delta channels. An assortment of axial-flow 
and mixed-flow pumps would be used to accommodate 
the variety of head conditions during drawdown of the 
reservoir storage islands. Actual rate of discharge by 
each pump would vary according to each pool's remain­
ing elevation. 1be maximum daily average discharge rate 
would be about 4,000 cfs for Bacon Island and 3,000 cfs 
for Webb Tract, and the maximum combined daily 
average discharge rate would be 7,000 cfs. The pump 
stations are more fully described in Appendix 2 and are 
summarized in Chapter 2. 

Conditions Required for 
DW Discharges 

The DW project could discharge water to Delta 
channels at any time when DW storage water was avail­
able for beneficial uses. Potential beneficial uses for DW 
storage water include Delta flows to maintain salinity 
control or estuarine habitat, Delta flows to provide fish 
transport management, and Delta diversions for water 
supply needs (1995 WQCP objectives). 

Water supply diversions of discharged DW storage 
water could occur at any existing Delta diversion loca­
tion, but discharged DW water is most likely to be 
exported at either the CVP Tracy Pumping Plant or the 
SWP Banks Pumping Plant. (Use of these facilities to 
pump and convey water for another party is often called 
"wheeling".) 

Pwnping, conveyance, and storage of water in CVP 
or SWP facilities allows water transfers and exchanges of 
various kinds. 1be SWP and CVP routinely wheel water 
for each other to improve the efficiency of their 
operations. DW storage water that is exported from the 
Delta will require pumping and conveyance in CVP or 
SWP facilities to the designated purchaser ofDW storage 
water (if it is not purchased directly by the CVP or SWP). 
There may be some opportunity to temporarily bank 
water or store water transfers from another water district 
or agency on the DW islands until unused pumping capa­
city becomes available. Diversions and discharges for 
this potential transfer "parking" arrangement are not con­
sidered here. Delivery of purchased DW water or of 
water temporarily stored on the DW islands may be 
subject to further environmental review. 

Discharges ofDW storage water for export can only 
be accomplished if there is available pumping capacity at 
the CVP Tracy or SWP Banks Pumping Plant; available 
conveyance in the Delta-Mendota Canal (DMC) or the 
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California Aqueduct; and if needed, available pumping 
capacity at Edmonston pumping plant (to the southern 
California SWP) or storage in San Luis Reservoir or 
other storage facilities. Available pumping capacity may 
be limited by physical capacity or operating restrictions. 
1be two most important existing restrictions are the U.S. 
Army Corps of Engineers (Corps) permit for operating 
the SWP Banks Pumping Plant and the SWRCB 
pumping restrictions for the CVP and SWP specified in 
the 1995 WQCP. The 1995 WQCP designates the 
"operations group" to be responsible for recommending 
changes in daily export pumping rates to provide 
additional fishery protection. DW operations will likely 
also be subject to "operation group" recommendations 
and may be utilized to provide adaptive management of 
Delta fisheries and water supply. These restrictions are 
described in Chapter 3A, "Water Supply and Water 
Project Operations". SWRCB retains fmal authority for 
water allocation rules. 

1be daily unused pumping capacity will fluctuate as 
Delta conditions change and CVP and SWP operations 
change correspondingly. The daily rates of DW 
discharge for export will therefore fluctuate considerably 
more than the monthly average rates ofDW discharge for 
export. 1be daily rate of D W discharge for export would 
be limited by the maximum daily average DW discharge 
capacity of about 6,000 cfs. 

Possible DW Discharges under 
1995 WQCP Export Limits 

The 1995 WQCP does not specifically describe 
operating conditions for DW project discharges for 
export at the SWP or CVP pumping plants. DW dis­
charge operations might be controlled in various ways to 
be compatible with the 1995 WQCP objectives and to 
protect senior water right holders and the public trust. 
This EIRIEIS evaluates two alternatives for controlling 
DW project discharges, as described in Chapter 3A and 
Appendix A3. 

Under Alternative 1, it is assumed that DW dis­
charges are considered to be additional Delta inflow but 
that SWP and CVP export pumping of any DW discharge 
water must remain within the specified percentage of total 
inflow. Opportunities for DW discharges and exports 
would exist whenever the SWP and CVP pumping is 
limited by Delta outflow requirements. In this case there 
may be unused pumping capacity within the specified 
percent inflow limits. 
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Under Alternative 2, it is asswned that OW diver­
sions are controlled by the specified percent inflow limits, 
but that OW discharges for export are not controlled by 
the percent inflow limits. OW discharges for export 
pwnping would be allowed whenever there was unused 
permitted capacity at the CVP or SWP pwnping plants. 
Opportunities for OW discharges and exports would exist 
whenever the SWP and CVP pwnping was limited by 
Delta outflow requirements or whenever the SWP and 
CVP pwnping was limited by the specified percent 
inflow limits. In this case there may be considerably 
more days with unused pwnping capacity that could be 
used for exports ofDW discharges. 

Because Delta inflows may fluctuate considerably 
within a month, the allowable export pwnping as a speci­
fied percentage of inflow or as controlled by outflow 
requirements may change significantly from day to day 
within a month. The possible effects of these daily varia­
tions in Delta inflows on CVP and SWP pwnping and on 
allowable OW project diversions and discharges are 
described and evaluated in the following sections of this 
appendix. 

DAILY VARIATIONS IN 
DELTA CONDITIONS 

1bere are three major categories of changes in Delta 
conditions: 

• hydrologic changes associated with inflows, 
rainfall, and tidal effects; 

• water quality changes resulting from inflows, 
salinity intrusion, temperature variations, and 
phytoplankton growth; and 

• fishery changes resulting from migration, 
spawning, transport, growth, mortality, and en­
trainment processes. 

Hydrologic changes directly affect the operations of 
the SWP and CVP Delta facilities (gates and pwnps). 
Water quality changes may influence CVP and SWP 
operations necessary for compliance with applicable 
water quality objectives. Fishery variations have gener­
ally not influenced CVP or SWP operations, except 
recently when operations have reponded to endangered 
species incidental take limits for winter-run chinook 
salmon and delta smelt. 
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Because available data describe the patterns of 
hydrologic variables more accurately than they describe 
patterns of water quality or fishery conditions, the effects 
of daily hydrologic variations on CVP and SWP opera­
tions will be used to generally evaluate likely effects of 
daily variations in water quality and fishery conditions. 

Daily Hydrologic Variations 

The relative magnitudes of short-term fluctuations in 
flow were evaluated through comparison of daily and 
monthly average Delta flows. Daily inflow measurements 
and outflow estimates for water years 1967-1991 were 
obtained from DWR's DA YFLOW database, which is 
described in DWR (1986). 

Monthly Maximum and Minimum Flows 

Figure A4-l shows the monthly range between mini­
mum and maximwn daily values for Sacramento River 
inflow for each month of water years 1967-1991. Figure 
A4-2 shows the range between minimwn and maximwn 
daily values for San Joaquin River inflow for each month 
ofwateryears 1967-1991. Figure A4-3 shows the same 
information for Yolo Bypass inflow to the Delta for 
1967-1991. The monthly ranges of QWEST flows 
calculated from DA YFLOW and monthly ranges for 
Delta outflow from DA YFLOW are shown in Figures 
A4-4 and A4-5, respectively, for 1967-1991. A wide 
shaded line indicates substantial variation within a month, 
while a thin line indicates small variation within a month. 

As shown in Figures A4-1 to A4-5, the daily flows 
differed substantially during some months but were 
similar during other months. In months when the maxi­
mum and minimum daily values are similar, the monthly 
mean adequately represents flow conditions for simu­
lation of potential project impacts. In months when the 
daily maximwn and minimwn are very different, how­
ever, the monthly mean may poorly characterize flow 
conditions for determining potential project operations 
and impacts. The maximums and minimums for Delta 
inflows, QWEST flows, and Delta outflows were gener­
ally similar to mean flows during the low-flow period at 
the end of each water year. During high-flow months, 
however, the means were often quite different from the 
maximwns and minimwns. 

Figure A4-6 shows that daily minimwn and maxi­
mum values of Delta exports are often quite different 
from the monthly mean. The daily variations in exports 
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may be caused by hydrologic variations, necessary com­
pliance with objectives, changes in demands, or other 
operational considerations (e.g., maintenance and electric 
power rates). Historical Delta exports have increased 
substantially during the 1967-1991 period, and exports 
vary substantially by month because of seasonal agricul­
tural demands, export pumping limits, amount of water 
available for diversions, and available seasonal storage 
capacity (i.e., San Luis Reservoir). 

Relation of Mean Flow and Daily Flow Variability 

Figure A4-7 shows the daily Sacramento River in­
flows for 1967-1991 (25 years) as a function of the mean 
monthly flow plotted for each month to identify possible 
seasonal effects in this relationship. Figure A4-8 shows 
this relationship for San Joaquin River flow at Vernalis. 
Figure A4-9 shows this relationship for Delta outflow. 
Daily variation in inflows and outflows was substantial in 
many months and was generally greater when mean 
monthly flow was higher. 

Although absolute variation in flows increased with 
mean flow, variation expressed as a percentage of the 
mean increased only slightly with mean flow. The lines 
in Figures A4-7 to A4-9 show the mean flows and values 
25% above and 25% below the mean. Points between 
the upper and lower lines indicate days with flows within 
25% of the monthly mean flow, and points outside the 
lines indicate days with flows greater than 25% above or 
25% below the monthly mean. 

Owing high-flow months, San Joaquin River inflows 
(Figure A4-8) were within 25% of the monthly mean 
flow much more often than Sacramento River inflows 
(Figure A4-7), presumably because San Joaquin River 
flows are more completely regulated than Sacramento 
River flows. San Joaquin River runoff characteristics 
may also differ from Sacramento River runoff (i.e., snow­
melt controlled, less rainfall). Delta outflows (Figure A4-
9) were within 25% of the monthly mean much less often 
than Sacramento or San Joaquin River inflows. All three 
flows were more often within 2$% of the monthly mean 
during the driest months (July-October) than during the 
wettest months (December-March). 

The hydrologic variations during months with sub­
stantial rainfall runoff are therefore expected to cause the 
largest effects on daily CVP and SWP Delta operations 
and on allowable daily DW project operations .and poten­
tial DW project impacts. Summer periods during regu­
lated reservoir releases without rainfall runoff will be 
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more uniform and more easily represented in monthly 
operations models. 

Daily Variations in Water Quality 

Temporal variations in salinity were not analyzed, 
although salinity is largely determined by outflows and 
tides, with some influence from San Joaquin River inflow 
and agricultural drainage in the south Delta. Changes in 
daily average salinity lag slightly behind changes in daily 
average flow in the Delta, so short-term fluctuations in 
salinity should be similar to, but less pronounced than, 
short-term fluctuations in flow. Because salinity intrusion 
increases with lower Delta outflows, effects of flow 
fluctuations on salinity will be most important during 
periods oflow Delta outflow. Tidal fluctuations in salin­
ity are not considered in this appendix. The daily varia­
tions in measured electrical conductivity (EC) values at 
several Delta locations are shown as monthly minimum, 
mean, and maximum values for water years 1968-1991 
in Appendix B2, "Salt Transport Modeling Methods and 
Results for the Delta Wetlands Project" (Figures B2-7 
through B2-17). 

Daily Variations in Fisheries 

Daily records of fish abundance in the Delta are 
available from the CVP and SWP salvage records and 
other sampling programs. Unfortunately, the salvage 
records contain no information about fish eggs and larvae 
because the eggs and larvae are too small to be screened 
and counted. The egg and larval surveys conducted by 
California Department of Fish and Game (DFG) and 
DWR provide a great deal of information about the 
temporal and spatial distribution of fish larvae in the 
Delta, and although sampling is not conducted daily, it is 
conducted frequently (as often as every other day) during 
the spawning periods of some species. Short-term varia­
tions in fish abundance as indicated by salvage records 
and egg and larval survey data are described below. 

Fish Salvage Records 

The salvage records (number of fish each day) of the 
SWP and CVP Delta pumping facilities provide a mea­
sure of the daily variation of fish abundance in the south 
Delta. However, the variation in salvage records is 
generally influenced by a number of factors in addition to 
variation in abundance; influences include the spatial 
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distribution of the fish, the level of prescreening losses 
(i.e., predation), and export rate. An estimate of fish 
density is obtained by dividing the number of fish sal­
vaged by the volume of water exported each day. If fish 
density is constant, the salvage rate will be proportional 
to the export rate. This may not be strictly true because 
the export rate also affects efficiency of the fish screens 
and possible predation losses. 

Estimates of SWP and CVP daily salvage "density" 
of several species (estimated by dividing the number of 
fish salvaged by the daily SWP or CVP exported volume) 
for February-September 1993 are shown in Figure A4-
10. 

Figure A4-1 0 shows that each fish species is found 
in the salvage records at a different time during spring 
and swnmer. The salvage records from SWP Banks and 
CVP Tracy Pumping Plants provide "replicate" daily 
samples of south Delta fish density. Because the source 
ofwaterentering these two pumping plants is sometimes 
different (CVP may sometimes pump predominantly San 
Joaquin River water), the fish density estimates may also 
be different. There are also effects from spawning of 
local populations of fish or from predators in the intake 
channels or Clifton Court Forebay that may cause 
differences in the salvage records. However, for many 
species the period of greatest salvage "density" occurs 
during several weeks and is similar at the SWP and CVP 
pumping plants. 

Only juvenile and adult fish are salvaged at the SWP 
Banks and CVP Tracy Pumping Plants. The interpreta­
tion of the daily salvage records will be different for each 
species. Some fish are migrating through the Delta from 
upstream rearing habitat to estuary or ocean habitats. 
Some are resident fish that spawn and rear in Delta 
channels. For some species, periods of migrating juve­
nile fish can be identified directly from the salvage 
records. For other species, the daily salvage records may 
be indicative of the spawning patterns that would have 
occurred sometime previously in the Delta or upstream in 
tributary rivers. For species that have eggs or larval life 
stages in the Delta, the appwximate time of spawning can 
be estimated from the salvage records using length and 
growth-rate information. 

The daily salvage records provide a measure of the 
daily variation of fish abundance in the south Delta. As 
fish sampling and monitoring methods improve, it should 
be possible to obtain accurate recent information about 
spawning, migration, and juvenile density patterns for 
several important fish species in the Delta. These moni­
toring records could be used in adaptive management of 
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Delta facilities, including DW project siphons and dis­
charge pumps, to provide increased fishery protection of 
target species. Adaptive management may increase fish­
ery protection by limiting diversions or by increasing fish 
transport flows to reduce the vulnerability of the early life 
stages to entrainment and allow most of the population to 
reach suitable estuarine habitat for rearing. 

Larval Fish Samples 

Larval fish samples are collected every 2-4 days 
during February-June at a number of sites in the Delta for 
the egg and larval survey (DFG 1992). Four stations 
(Stations 930 to 933) sampled in 1992 that are fairly 
close to Bacon Island and Webb Tract, the two reservoir 
islands of the DW project, were selected to evaluate 
short-term variations in .larval fish abundance. The 
stations were sampled about once every four days during 
February 12-April4 and every other day during April4-
July 7. 

The number of delta smelt larvae collected at these 
stations was analyzed. Larval smelt data from the four 
stations were pooled because on most days no delta smelt 
larvae were collected from individual stations. Delta 
smelt were collected from at least one of the four stations 
on only 13 of the 68 days during which the stations were 
sampled, and no smelt were collected after May. The 
mean number rather than total number collected was used 
to estimate abundance because not all four stations were 
sampled during each sampling date. 

The number of delta smelt collected at the four sta­
tions was highly variable (Figure A4-11 ). The results 
demonstrate that daily estimates of abundance are often 
very different from the monthly averages, which are 
influenced by relatively few days with high abundance. 
This difference may be caused by patchiness in the dis­
tribution of delta smelt larvae. 

DAILY CVP AND SWP 
OPERATIONS 

The averaging period used to simulate Delta condi­
tions may affect estimates of the effects of Delta flows 
and Delta objectives on operations of the DW project. 
When DW project operations are simulated using month­
ly mean flow values, the simulated project is operated as 
if objectives were monthly average objectives. It is 
possible, however, that a month might have several days 
when minimum flow objectives were satisfied and other 
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days when flows were above objectives. Therefore, 
simulations of project operations based on daily flows 
and daily objectives might be very different from simu­
lated operations based on monthly mean flows and 
monthly average objectives. 

Capacity limitations of the proposed DW siphons or 
discharge pumps and the SWP and CVP export pumps 
would affect DW operations. The averaging period used 
for simulations of operations could bias estimates of the 
effects of these capacity limitations on CVP and SWP or 
DW project operations. Daily flows may often exceed 
CVP and SWP export pumping capacity and the DW 
diversion capacity, although mean flow for a month might 
be well below these capacities. 

Simulating proposed DW project operations using a 
daily time-step model rather than a monthly model could 
result in either higher or lower estimates of diversions by 
the DW project, depending on the distribution of flows 
during the month. 1be following sections describe exam­
ples of averaging-period effects on simulated CVP and 
SWP operations and on DW project operations. 

DCC Gate Closure 

Reclamation's standard operating procedure is to 
close the Delta Cross Channel (DCC) gates to protect 
Mokelwnne River levees and prevent scour damage to 
the DCC gate structure whenever Sacramento River 
inflow exceeds 25,000 cfs (Reclamation 1992). Recla­
mation may not immediately change the DCC gate 
positions, however, because they are manually operated. 
A horizontal line represents this flow threshold in Figure 
A4-7 for Sacramento River inflows. Months in which 
flows were above or below 25,000 cfs on all days would 
be adequately simulated, with respect to DCC closure, 
using a monthly time-step model. However, because the 
relationship of DCC diversion to Sacramento River 
inflow is slightly nonlinear, estimated total diversion 
based on daily flows might be different from the mean 
monthly diversion estimate. 

In most months, there were some days with flows 
above and some days with flows below 25,000 cfs, so the 
DCC gates would be closed during a portion of the 
month. Monthly average simulations would probably not 
give accurate results for DCC flows in these months. 

The 1995 WQCP objectives specify that the DCC 
will remain closed from February 1 to May 20 to reduce 
the diversion of fish from the Sacramento River into the 
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central Delta. In addition, the DCC may be closed by the 
"operations group" for up to 45 days during November­
January (50% of the time) and for up to 14 days in the 
period of May 21 to June IS for the protection of fish. 
lbese partial DCC closure periods cannot be accurately 
represented with a monthly model, but the selected days 
of gate closure for fish protection cannot be identified 
with the daily model either. Therefore, the monthly and 
daily models simulated complete DCC closure from 
November through May. 

Minimum Required Delta Outflow 

The 1995 WQCP outflow objectives are a combina­
tion of the following: 

• specified minimum monthly outflows that de­
pend on water-year type; 

• outflow required to satisfY several 14-day aver­
age salinity objectives at specified locations for 
various periods of time depending on water­
year type; and 

• outflow required to maintain X2, the position of 
the mean daily 2-parts-per-thousand (2-ppt) 
salinity gradient, downstream of three control 
locations for a specified number of days during 
February-June that depends on the unimpaired 
runoff (Eight-River Index) of the previous 
month. 

These outflow objectives are discussed in Appendix A2, 
"DeltaSOS: Delta Standards and Operations Simulation 
Model". 

A monthly average Delta outflow requirement must 
be estimated from the daily outflow requirements for 
monthly simulations models. The results of monthly 
simulation of CVP and SWP Delta operations using 
monthly estimates of required Delta outflows may be 
quite different from simulated daily operations if the vari­
ations in daily outflow or daily outflow requirements are 
large. 

The results of daily simulations depend on the as­
sumed equation for estimating daily X2. Because the 
upstream movement ofX2 is slow relative to the chang­
ing flow during periods of declining outflow, there may 
be a considerable delay in the need for Delta ouflow to 
maintain X2 at a specified location if previous periods of 
higher outflow have moved X2 downstream. The outflow 
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requirements for maintaining the X2 location estimated 
with the daily model will be more accurate, because it is 
difficult to approximate the relationship between previous 
outflow and outflow requirements for maintaining X2 in 
the monthly model. 

Although the 1995 WQCP objectives allow some 
averaging of the required salinity and ){2 location for 
compliance pwposes, the daily simulations described and 
evaluated in this appendix assume that the daily require­
ments specified in the 1995 WQCP must be satisfied 
each day without averaging. This provides an estimate of 
CVP and SWP Delta operations and potential DW opera­
tions assuming "perfect" daily operations decisions, 
which is a reasonable approach for evaluating the effects 
of daily variations in hydrology on Delta operations. 
DailySOS (the daily version of DeltaSOS, described 
below) can be used to investigate the possible benefits of 
allowing the use of various averaging periods for inflows, 
exports, salinity, and X2 for compliance purposes, but 
results for different averaging periods were not included 
in this appendix to support the EIRIEIS impact assess­
ments. 

SWP and CVP Export Pumping 
Capacity and Limits 

The 1995 WQCP objectives limit CVP and SWP 
exports to a specified percentage of total Delta inflow. 
The 1995 WQCP objectives allow 3-day averaging of 
inflows (14-day averaging under some "in excess" 
conditions) and 3-day averaging of exports to be used for 
compliance pwposes. Whenever the inflows change, the 
export limits will change. Monthly simulations of SWP 
and CVP Delta operations using monthly average inflows 
could differ substantially from simulations based on daily 
inflows. Allowable DW operations simulated with a 
monthly model may also be substantially different from 
daily estimates that account for daily variations of inflow 
and exports. 

The 1995 WQCP objectives further limit CVP and 
SWP exports during the specified San Joaquin River 
pulse-flow period of April 15 to May 15 (the actual 
pulse-flow period may be shifted by the "operations 
group"). Monthly simulations for these two months 
therefore may not be as accurate as daily simulations. 

From mid-March to mid-December, SWP exports 
are limited by the Corps permit (Section 10 of the Rivers 
and Harbors Act of 1899) to 6,680 cfs. During mid­
December to mid-March, if San Joaquin flow (at Ver-
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nalis) exceeds 1 ,000 cfs, SWP exports are allowed to 
increase above 6,680 cfs by one-third of San Joaquin 
River flow. The SWP exports water to the California 
Aqueduct, which has a maximum conveyance capacity of 
10,300 cfs. Therefore, maximum SWP pumping during 
the period of mid-December to mid-March can exceed 
the pumping limit for the rest of the year by 
approximately 3,620 cfs (10,300 cfs- 6,680 cfs = 3,620 
cfs). The daily maximum extra SWP pumping constitutes 
one-third of San Joaquin River flow when the total flow 
of the river is 10,860 cfs. CVP pumping during this 
period is limited by the DMC capacity of approximately 
4,200 cfs. 

The actual amount of water pumped by CVP and 
SWP export pumps depends on the daily San Joaquin 
River flows and other applicable objectives (e.g., percent 
of inflow, Delta outflow). The combined capacity of the 
CVP and SWP increases from approximately 10,880 cfs 
to 14,500 cfs as the San Joaquin River flow increases to 
10,860 cfs. Estimates of how much San Joaquin River 
water would be available for increased SWP pumping 
and how much would be available for possible DW 
diversions are influenced by the averaging period used to 
estimate the flows. 

In many years, months with mean San Joaquin River 
flows below the 1 0,860-cfs threshold that allows maxi­
mum SWP pumping have several days with flows ex­
ceeding 10,860 cfs (Figure A4-8). Simulations based on 
monthly mean flows may not accurately estimated SWP 
pumping capacity, whereas simulations using a daily time . 
step would provide a more accurate estimate of SWP 
pumping capacity. 

If total daily inflow or pumping capacity is limiting 
CVP and SWP exports, simulations based on monthly 
mean flows may not provide accurate estimates of CVP 
and SWP exports, whereas simulations using a daily time 
step would provide a more accurate estimate of C VP and 
SWP export pumping. 

DAILY COMPLIANCE WITH WATER 
QUALITY STANDARDS AND FISHERY 

PROTECTION REQUIREMENTS 

All existing and any future Delta water quality objec­
tives or fish and wildlife requirements, as adopted by 
SWRCB or other regulatory agencies, would apply to the 
DW project. DW project operations permitted by 
SWRCB would therefore not be allowed to interfere with 
the exercise of prior water rights, which may require 
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meeting applicable Delta water quality objectives or fish 
and wildlife protection requirements. 

In the OW project impact assessments, results of the 
monthly DeltaSOS simulation model are used as the basis 
for the impact assessment of hydrologic and water quality 
effects. The monthly model is most appropriate for 
monthly average objectives and cannot accurately simu­
late daily or short-term objectives. The terms and condi­
tions that SWRCB establishes for operation of the OW 
project, however, will consider the likely daily Delta 
conditions and CVP and SWP operations, in addition to 
the general monthly effects identified in the impact 
assessments. 

Compliance with Flow and 
Salinity Objectives 

SWRCB's 1995 WQCP set forth most of the current­
ly applicable Delta flow and salinity objectives. Objec­
tives in the 1995 WQCP are based on daily parameter 
estimates, longer term averages (monthly averages or 
averages for a specified period), and running averages 
(averages for some specified previous period). 

The averaging period used for defining objectives 
may affect operations of Delta water projects necessary 
for compliance with the objectives. Although the DWR 
Division of Operations and Maintenance and CVOCO 
establish the "official" Delta water budget on a daily 
basis, estimates of allowable export pumping each day 
may be greatly influenced by the averaging period used 
for compliance with each objective. Use of long-term 
and running averages for compliance with objectives may 
allow the CVP and SWP to divert more water on some 
days than would be allowed if daily or short-term aver­
ages were used for compliance. 

Specifying OW project operations criteria as daily or 
short-term requirements is advantageous because OW 
operations could more closely track actual Delta condi­
tions. Daily operations criteria would provide Delta 
protection as needed and allow maximum OW diversions 
and discharges for various beneficial purposes. Storm­
related flows with corresponding abrupt reductions of 
salinity, for instance, could provide conditions allowing 
OW diversions if daily objectives were used but might 
not allow OW operations if salinity objectives were based 
on monthly or long-term averages. 
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Compliance with Fish Take Limits 

Under the Endangered Species Act, federal resource 
agencies will identify OW project operations criteria, 
incidental take limits, and facility design criteria (e.g., for 
fish screens) for protected fish species. The project 
permits will require that project operations comply with 
applicable fish protection measures and allowable take 
limits. In addition, OW operations relating to SWP or 
CVP facilities (i.e., export of OW discharges) may 
require satisfYing existing fish protection measures con­
trolling operations of the SWP and CVP facilities. 

Because the sampling error of salvage data is large, 
incidental take limits for entrainment of fish at the CVP 
and SWP pumps are generally specified in terms of a 
cumulative total (e.g., for winter-run chinook salmon) or 
running average (e.g., for delta smelt) for the number of 
fish salvaged. 

Sampling errors are also high for data from sampling 
programs designed to determine fish abundance and 
distribution in the Delta (e.g., DFG's egg and larval 
survey). Operations criteria relying on data from such 
programs would likely use spatial or temporal averages. 

Chapter 3F, "Fishery Resources", recommends 
several operations criteria for the proposed OW project 
to avoid or mitigate expected impacts on protected fish 
species. Generally, suggested operations criteria would 
restrict OW project diversions and discharges during 
periods of expected or detected presence of sensitive life 
stages of fish species. The operations criteria would be 
defined by specified Delta flow and estuarine habitat 
conditions. 

POSSIBLE DAILY MONITORING AND 
MITIGATION REQUIREMENTS 

Most fish populations have very clumped distri­
butions because fish seek out specific habitat conditions 
and many species travel in schools. Larval fish abun­
dance often varies temporally as well as spatially because 
spawning activity may vary markedly from day to day 
and because fish mature quickly through the larval stage 
and may be highly mobile. The patchiness offish popu­
lations combined with their tendency to use shallow habi­
tat that is difficult to sample results in very high sampling 
variability, making it difficult to reliably monitor fish 
abundance. 
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The monthly time-step model used to assess poten­
tial impacts of the DW project on fish populations is 
probably sufficiently accurate to identifY likely potential 
impacts. Daily fluctuations in Delta flows that were 
discussed in previous sections of this appendix presum­
ably affect transport of fish eggs and larvae and flow­
related habitat conditions of all stages and may therefore 
affect fish growth and survival. Although daily simula­
tion offish transport and entrainment using the daily flow 
data from DailySOS was not used for the DW impact 
assessments, short-term fluctuations in real fish abun­
dance data were examined to evaluate the potential 
effects of these fluctuations on project impacts. Daily 
monitoring and possible mitigation requirements were 
investigated. 

CVP and SWP Delta Export 
Take Limits 

As noted earlier, incidental take limits for entrain­
ment offish at the CVP and SWP pumps are currently 
specified in terms of cumulative number or 14-day run­
ning average of the number offish salvaged because daily 
salvage estimates based on daily counts are extremely 
variable. A running average may provide a more reliable 
estimate of the abundance of fish at risk of entrainment 
than would be provided by daily estimates. The reduced 
variability of the running average also results in more 
predictable and consistent project operations. However, 
the CVP and SWP have had very little experience with 
adjusting operations to comply with take limits, so the 
possible effects ofbasing take limits on running averages 
are not fully known. 

The 1995 WQCP allows the "operations group" to 
recommend changes in SWP and CVP export pumping 
for fish protection to the project operators, based on 
available fish monitoring information. Until decision­
making guidelines are developed for this "operations 
group", however, possible operational changes to comply 
with "take limits" can be illustrated with monitoring 
results and salvage recor~ from recent years: 

The 1994 U.S. Fish and Wildlife Service (USFWS) 
biological opinion for delta smelt (USFWS 1994) 
specifies that if the 14-day running average of delta smelt 
salvaged at the SWP and CVP facilities exceeds the 
allowable monthly value of the delta smelt take limit, 
"operations shall be modified to restore the 14-day run­
ning average". The opinion later states that "if reasonable 
operation of the CVP/SWP cannot correct numbers of 
fish taken, the Working Group ... shall meet to develop 

Delta Wetlands Draft EJR!EIS 

87-1 19FFIAPPD-M 

alternative actions". Modifications to restore the 14-day 
running average (i.e., to reduce it to below the take limit) 
presumably would include reduced pumping. The 
allowable monthly take limit is determined on the basis of 
a varietyoffactors, including the month, water-year type, 
and previous abundance indices (USFWS 1994 ). 

Although use of a 14-day running average for sal­
vage may have certain advantages, it could also lead to 
serious problems. For instance, the 14-day running aver­
age responds so slowly to rapid increases in salvage 
caused by an increased abundance (density) of delta smelt 
that a great deal of entrainment could occur before the 
14-day average allowable take limit is reached. The 14-
day average also responds slowly to decreases in delta 
smelt abundance and therefore could lead to unnecessary 
delays in the resumption of pumping. A 14-day average 
may neither protect delta smelt nor be an efficient basis 
for determining allowable pumping. 

The possible effects of a take limit strategy based on 
the 14-day running average can be illustrated with 1993 
SWP delta smelt daily salvage records, shown in Figure 
A4-12. If the 1994 biological opinion "formula" for 
monthly delta smelt take limits had been in effect in 1993, 
the 14-day average take limit for May 1993 would have 
allowed the salvage of 600 delta smelt per day. 

In early May, SWP and CVP pumping was reduced 
during a period of San Joaquin flushing flows to benefit 
migrating chinook salmon. On May 17, 1993, the SWP 
increased exports from 1,462 cfs to 6,179 cfs, and daily 
salvage of delta smelt increased from about 200 per day 
to nearly 900 per day. Another 5 days passed, however, 
before the 14-day running average of delta smelt salvage 
. exceeded the take limit of 600 per day. Continued 
pumping during these days caused entrainment of a large 
number of delta smelt Note that a 7 -day running average 
would have tracked the increase in salvage more closely 
than the 14-day average (Figure A4-12). 

DW Project Monitoring 
for Larval Fish 

Real-time monitoring of larval fish abundance at 
stations near the DW project islands would provide the 
greatest protection for fish. The DW project is designed 
to respond quickly to changing conditions and therefore 
could be operated in response to real-time fluctuations in 
fish numbers. Daily sampling at several stations may be 
required. There is some delay between sampling and 
analysis. Net or siphon sampling may be combined with 
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an automated fish COWlting system, such as hydroacoustic 
teclmology, to provide a comprehensive monitoring pro­
gram. Automated sampling techniques might provide a 
general indication of larval density, but identification of 
species would require hand processing by qualified tech­
nicians. It is likely that sampling techniques will change 
and improve in the near future. 

COMPARISON OF SIMULATED 
DAILY AND MONTHLY DW 

PROJECT OPERATIONS 

The DeltaSOS monthly planning model (described 
in Appendix A2, "DeltaSOS: Delta Standards and Oper­
ations Simulation Model") was modified to estimate Delta 
water supply conditions and possible DW project 
operations using a daily time-step model; the modified 
daily model is named DailySOS. DailySOS simulation 
results for the 1%7-1991 period were compared with 
monthly DeltaSOS results (presented in Appendix A3, 
"DeltaSOS Simulations of the Delta Wetlands Project 
Alternatives") for the same period to determine the likely 
differences in proposed DW operations between daily 
simulations and monthly average simulations. The daily 
simulations assumed that all objectives required daily 
compliance, while the monthly simulations assumed that 
all objectives required monthly average compliance. 

Changes in DeltaSOS Calculations 
and Standards 

Appendix A2 describes the concept and basic cal­
culations of the DeltaSOS monthly model. DailySOS 
uses these same calculations. Hydraulic flow-split calcu­
lations are assumed to be the same for daily flows and 
monthly average flows. The monthly objectives, as speci­
fied in DeltaSOS, are assumed to be applicable each day 
throughout the entire month. 

The following changes in ~ltaSOS model calcula­
tions were needed for representing the 1995 WQCP 
objectives, estimating SWP and CVP Delta exports, and 
evaluating possible DW project operations at a daily time 
step: 

• SWP and CVP daily export limits are calculated 
as a specified monthly fraction of total daily 
inflows (the February fraction depends on 
January's unimpaired nm.ofl); the 3-day aver­
aging of inflows and exports was not simulated. 
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• The required San Joaquin River inflows and 
daily export limits (minimum of San Joaquin 
River inflow or the specified fraction of total 
inflow) for the pulse-flow period (April 15 to 
May 15) were accurately simulated in the daily 
model with daily flows. The required San 
Joaquin River inflows for February-June de­
pend on the San Joaquin River water-year type 
and the daily X2 (more inflow is required if X2 
is downstream of Chipps Island). 

• The Corps permitted maximum daily SWP 
pumping limit was calculated as 6,680 cfs plus 
33% of the daily San Joaquin River inflows for 
the period of December 15 to March 15 (with a 
maximum SWP pumping capacity of 10,300 
cfs). 

• X2 was calculated with the daily X2 equation; 
the daily required X2 positions for the month 
were calculated at the beginning of each month 
between February and June. The required 
number of days for X2 to be downstream of 
Chipps Island or Roe Island are specified in the 
1995 WQCP, and depend on the previous 
month's nm.off (Eight-River Index). The 
Chipps Island or Roe Island requirements were 
simulated starting on the first of each month. 
The Roe Island requirements were only applic­
able if the simulated X2 position was down­
stream of Roe Island at the beginning of the 
month; the 14-day average EC trigger at Roe 
Island was not simulated. 

• The maximum daily DW diversion and maxi­
mum daily DW discharge rates were estimated 
as a ftmction of the D W storage. The diversion 
rate was assumed to decrease linearly from 
9,000 cfs to 3,000 cfs as the stored volume on 
the reservoir islands increased to maximum 
reservoir storage capacity. The discharge rate 
was assumed to decrease linearly from 6,000 
cfs to 2,000 cfs as the stored volume decreased. 

DailySOS calculations provide a more accurate esti­
mate than monthly DeltaSOS calculations provide of 
possible Delta operations with specified Delta facilities, 
water quality objectives (1995 WQCP), and specified 
inflows (from historical DA YFLOW records). However, 
the DeltaSOS monthly model results were used as the 
basis for impact assessments in the EIRJEIS. The follow­
ing sections of this appendix illustrate and discuss the 
DailySOS results for three recent example years (1986-
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1988) and compare the DeltaSOS monthly model results 
with the DailySOS daily model results for 1967-1991. 

The monthly results that are compared with the 
DailySOS results for the 1967-1991 period were ob­
tained from the DeltaSOS model using historical Delta 
inflows. The simulation of the 1995 WQCP objectives, 
including the estimation of outflow requirements for X2 
objectives, followed the methods and assumptions de­
scribed in Appendix A2, "DeltaSOS: Delta Standards and 
Operations Simulation Modelw. These monthly results 
are different from the simulations of Delta conditions 
under the No-Project Alternative used in the EIR/EIS 
impact assessments (Appendix A3, "DeltaSOS Simula­
tions of the Delta Wetlands Project Alternatives"). These 
comparisons of daily and monthly model results were 
perfonned to identify the differences in likely operations 
of Delta facilities, including the DW project, that may be 
caused by consideration of daily variations in Delta 
hydrology and daily compliance with 1995 WQCP 
objectives. 

Table A4-l compares the annual DeltaSOS and 
DailySOS results for water years 1967-1991. The 
models gave somewhat different results for allowable 
CVP and SWP exports and DW operations for some 
years. Table A4-2 gives the DeltaSOS monthly results 
and monthly average of DailySOS daily results for 
historical inflows for water years 1967-1991. The results 
given in these tables indicate that while there are differ­
ences in the monthly and daily model results, the simu­
lated Delta conditions are generally similar for both 
models. 

Large changes in Delta conditions associated wi.th 
fluctuating hydrologic inflows are simulated with both 
models. Export limits are simulated more often with the 
daily model; simulated maximum allowable CVP and 
SWP exports are lower with the daily model than with the 
monthly model. Periods of excess inflows, which would 
provide water for DW diversions, are simulated more 
often with the daily model than with the monthly model. 
Periods of limited CVP and SWP exports, which would 
allow DW discharge water. to be exported, are simulated 
more often with the daily model than with the monthly 
model. Results for the three example years are described 
in the next section to illustrate the reasons for differences 
in the results from the monthly and daily models 

The differences between the daily and monthly simu­
lation results indicate that the DW project, if operated in 
response to short-term variations in hydrology (or fish 
abundance), may be used to "even out" or "top off' the 
CVP and SWP Delta operations. Although the DailySOS 
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simulations described in this appendix assume the DW 
project to be independent of the CVP and SWP facilities, 
it may be possible to implement more integrated Delta 
operations that might include upstream reservoir releases 
and discharges from DW project reservoir islands for 
increased Delta outflow. Use of a daily model such as 
DailySOS would be necessary for studies of integrated 
operations. 

The daily variations in hydrology (and biology) that 
have been investigated in this appendix should be 
considered in the terms and conditions for the DW water 
rights and should be incorporated into the mitigation 
measures required for potential DW project impacts. 

Nevertheless, the monthly DeltaSOS simulation of 
the No-Project Alternative and the DW project alterna­
tives will generally provide an adequate representation of 
likely Delta conditions and the potential changes associ­
ated with DW project operations. The wide range of 
future hydrologic conditions are well represented by the 
monthly average flows simulated with DeltaSOS. The 
DeltaSOS results and subsequent monthly impact assess­
ments used to evaluate the DW project in this EIRIEIS 
are a reasonable basis for lead agency decisions and 
public disclosure of potential envirorunental effects of 
DW project implementation. 

DailySOS Results for 1986 

DailySOS results for three recent years ( 1986, 1987, 
and 1988) are presented here to illustrate the calculations 
of channel flows and adjustments in historical exports and 
outflow that are required to satisfy the 1995 WQCP 
objectives. DailySOS will increase San Joaquin River 
inflow to satisfy 1995 WQCP objectives. DailySOS will 
reduce exports from historical levels (and increase histor­
ical outflow above historical levels) if necessary to satisfy 
outflow objectives or pumping limit objectives. Daily­
SOS will increase exports above historical levels (and 
reduce outflow) if additional exports would be allowable 
under the 1995 WQCP objectives. 

Figure A4-13A shows the historical 1986 Sacra­
mento and San Joaquin River inflows and DailySOS 
adjustments. The DailySOS-simulated DCC and Georgi­
ana Slough diversions to the central Delta (with the DCC 
closed during November-May), QWEST flow from the 
central Delta, and Delta exports (including simulated DW 
exports) are shown for comparison. 

There were no adjustments required in Sacramento 
River inflows because the 1995 WQCP objectives for 
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Rio Vista are normally satisfied with historical inflows. 
Although 1986 was classified as a wet year (Eight-River 
Index of29,240 thousand acre-feet [TAF]) and extreme 
flooding occWTed in February, the Sacramento River 
inflows were only moderately high (I 0,000 cfs to 20,000 
cfs) during fall and summer. Monthly average inflows 
and monthly model results would be adequate for these 
periods. During February and March, inflows were much 
higher than necessary to provide required outflow and 
supply maximum pumping capacity, so monthly model 
results would be adequate. Daily simulations might 
produce different results, however, during the periods of 
moderate storm-event inflows in December and January. 

Even with the DCC closed from November to May, 
there was considerable diversion of Sacramento River 
water simulated to the central Delta through Georgiana 
Slough. The QWEST flow represents the balance be­
tween the available San Joaquin River, eastside stream, 
DCC, and Georgiana Slough water and south Delta 
exports and agricultural diversions (65% of total). 
Simulated QWEST was negative (more exports than 
inflows) during some portions of November-January and 
August-September. 

San Joaquin River inflows were about 2,000 cfs 
during fall and increased to above I 0,000 cfs from 
February through April. The Corps permit for SWP 
pwnping capacity allowed some additional exports during 
January-March. The 1995 WQCP objectives for San 
Joaquin River February-June inflows and pulse flows 
from April 15 to May 15 were satisfied without any 
additional simulated releases. 

The likely SOlU"Ce ofDelta exports can be determined 
through comparison of the San Joaquin River inflow with 
the simulated exports. Because most San Joaquin River 
inflows are diverted toward Delta exports, the San Joa­
quin River would have supplied most of the exports from 
mid-February to mid-June. The remainder of exports 
come from the Sacramento River through the DCC and 
Georgiana Slough. When QWEST is negative, some of 
the Threemile Slough diversions from the Sacramento 
River move upstream toward the. export pumps. 

Figure A4-13B shows the DailySOS adjustments to 
historical exports for 1986 and the DW project diversions 
and DW discharges for export simulated for Alternative 2 
(DW exports limited by permitted capacity but not by the 
I 995 WQCP criteria for percentage of Delta inflow 
diverted). 

DailySOS-simulated exports were slightly reduced 
from historical levels so that 1995 WQCP outflow objec-
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tives and percent of inflow limits would be met during 
fall. Simulated exports were increased substantially 
above historical exports from mid-January through April 
because DailySOS assumes that all available water is 
exported, ·without checking south-of-Delta storage 
capacity or demands. Exports were curtailed in May in 
the simulations because 1995 WQCP objectives for X2 
were not satisfied with historical outflow. The Roe Island 
objective was applicable in May because X2 was 
downstream at the beginning of May and the April Eight­
River index of 5,880 T AF required 28 days of X2 
compliance in May. 

The DailySOS simulation ofDW project operations, 
starting with empty reservoir islands, showed diversions 
during the early December storm-event, with discharges 
for export in December and January. DW diversions 
filled the reservoir islands by early February, with dis­
charges for export in May. Excess inflow was simulated 
for September, and simulated DW diversions refilled the 
reservoir islands to 193 TAF by the end of the year. 

Figure A4-13C shows the simulated daily X2 re­
quirements and estimated position ofX2, along with the 
historical and adjusted outflow for 1986. DailySOS 
adjusted historical outflow to satisfy the 1995 WQCP 
minimum monthly outflow objectives by reducing exports 
below historical export levels for several periods in 1986. 

Required outflow for X2 objectives is only added to 
the minimum monthly outflow requirements in DailySOS 
if the daily X2 is upstream of the location for which the 
X2 objective is specified. The 1995 WQCP X2 objec­
tives would have required export reductions or additional 
reservoir releases for a few days in February to satisfy the 
Chipps Island objective and for about 20 days in May to 
satisfy the Roe Island objective. Because DailySOS 
reduces exports to a minimum of I ,500 cfs but does not 
simulate additional reservoir releases to satisfy X2 re­
quirements, an outflow deficit was simulated during most 
of May, with the simulated X2 moving upstream. 

DailySOS reduced the outflow during several 
periods to allow increased exports and DW diversions. 
The magnitude of the simulated reductions in outflow was 
greatest during periods of relatively high outflow, when 
the 1995 WQCP percent of inflow limits for exports (and 
simulated DW diversions) allowed the largest change in 
exports and DW diversions without reducing outflow to 
less than the 1995 WQCP objectives for minimum out­
flow. 
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Comparison of Daily and Monthly Results for 1986 

1be monthly and daily results for 1986 were gener­
ally similar. Both models simulated allowable exports to 
be much higher than historical exports in 1986. The 
periods of potential DW diversions, which depend on 
relatively large Delta inflows, were simulated for Decem­
ber-April with both models. The periods of potential 
DW discharges for export, which depend on relatively 
low Delta inflows, were simulated in June and July with 
the monthly model but were also simulated in May with 
the daily model because of the simulated export reduc­
tions for outflow requirements to satisfY X2 objectives. 

Table A4-l indicates that the annual historical CVP 
and SWP exports for 1986 totaled 5,286 TAF. The 
DeltaSOS monthly model results for historical inflows 
estimated maximum allowable CVP and SWP exports of 
7,120 TAF. The DailySOS model results estimated 
maximum allowable CVP and SWP exports of 6,592 
TAF. Both DeltaSOS and DailySOS allowable exports 
to be higher than actual historical exports, because south­
of-Delta demands and storage capacity (San Luis Reser­
voir) were not included in the simulations. Additional 
storage and/or delivery facilities may be required to 
actually export the maximum allowable under the 1995 
WQCP objectives. 

The DailySOS daily simulated CVP and SWP ex­
ports were substantially less than DeltaSOS monthly 
simulated exports (528 T AF less) because of two major 
effects: 

• For some months of the simulations, more water 
was allowed to be exported with the monthly 
average flows and monthly export limits than 
with the daily inflows and export limits because 
the daily export limit exceeded the daily pump­
ing capacity during some storm-events, and 
because the daily export limit was lower than 
the monthly average limit during periods of 
relatively low inflow. 

• The DeltaSOS _monthly estimated outflow 
requirements and X2 requirements for the 
February-June period were often less than the 
DailySOS daily estimated outflow and X2 
requirements. The monthly model only reduced 
historical 1986 exports in October and July 
without any reduction in May. The daily model 
required export reductions for outflow in 
several months, with major reductions required 
for satisfYing X2 objectives in May. 
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Table A4-1 indicates that the DeltaSOS monthly 
model results for DW diversions and discharges for 
export in 1986 were 489 T AF of diversions and 228 T AF 
of exports, with 238 TAF carryover storage on the 
reservoir islands at the end of September. The DailySOS 
model results were somewhat higher, with 551 T AF of 
diversions, 328 T AF export, and 193 T AF of carryover 
storage. 

The Dailyso·s daily simulated DW operations were 
somewhat greater than DeltaSOS monthly simulated DW 
operations (62 T AF more in diversion and 100 T AF more 
in export, but 45 T AF less in carryover storage) because 
of two major effects: 

• For some months of the simulations, the month­
ly average flows and monthly export limits did 
not allow any water to be diverted onto the DW 
reservoir islands, while there may have been at 
least one storm-event period with excess inflow 
for some days within the month. During other 
months, the monthly average flows allowed full 
CVP and SWP exports, while the daily export 
limits were sometimes below full capacity and 
allowed some periods of DW discharge and 
export. 

• The DailySOS simulation ofDW diversion and 
DW discharge capacity, which varied with 
reservoir island storage, allowed periods of 
higher diversion and discharge rates than were 
simulated by the monthly model. During 
months with opportunities for DW project 
diversions and discharges in sequence (i.e., 
December and January 1986), the daily diver­
sion and discharge rates allowed more rapid 
filling and emptying of the DW reservoir 
islands. 

These differences between the daily and monthly 
simulation results are generally consistent; reduced 
allowable CVP and SWP exports will allow greater DW 
diversions and discharges. The daily variations in 
hydrology that may exceed pumping capacity or require 
export reductions to satisfY export limits or outflow 
requirements will at the same time allow periods ofDW 
diversions (whenever the export capacity is exceeded) or 
allow DW exports (whenever there is unused CVP or 
SWP export capacity). 
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DailySOS Results for 1987 

Figure A4-14A shows the historical 1987 Sacra­
mento and San Joaquin River inflows and DailySOS 
adjustments. Water year 1987 was classified as a dry 
year (Eight-River Index of 18,880 T AF); the Sacramento 
River inflows were relatively low (I 0,000 cfs to 15,000 
cfs) during the entire year, with a few small storm-events 
in the January-March period. Monthly model results 
would perhaps be adequate for simulating Delta condi­
tions during most of 1987. Daily simulations might 
produce different results, however, during the periods of 
moderate storm-event inflows. 

San Joaquin River inflows were about 4,000 cfs 
during fall and declined to about 2,000 cfs by the end of 
the year. The Corps permit for SWP pumping capacity 
allowed only a small amount of additional exports in the 
December-March period. The 1995 WQCP objectives 
for San Joaquin River pulse flow from April 15 to May 
15 required about I ,000 cfs of simulated additional 
releases from tributaries. DailySOS assumes the water 
will be supplied, and increases the San Joaquin River 
inflow above the historical inflow. 

Figure A4-14B shows the DailySOS adjustments to 
historical exports for 1987 and the OW project diversions 
and OW discharges for export simulated for Alternative 2 
(OW exports limited by permitted capacity). 

DailySOS generally increased exports above the 
historical levels to the percent of inflow limits or pump­
ing capacity from October through March. Simulated 
exports were reduced below the levels of historical 
exports from April through September for so that 
required outflow would satisfY X2 objectives. 

The DailySOS simulation ofDW project operations 
for 1987 started with nearly full reservoir islands, and 
DailySOS simulated diversions to fill the reservoir 
islands in October and simulated some OW exports 
during November and December because the CVP and 
SWP export limits were slightly less than pumping 
capacity. A sequence ofDW <!!versions and discharges 
was simulated during January, February, and March. 
Delta inflows were limiting for the rest of the year, and 
OW reservoir islands remained empty in the simulations 
from April to the end of the year. 

Figure A4-14C shows the daily simulated X2 
requirementS and estimated X2, along with the historical 
and adjusted outflow for 1987. DailySOS adjusted 
historical outflow to the 1995 WQCP minimum monthly 
outflow objectives by increasing exports above the 
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historical export levels in fall and by reducing historical 
exports for several periods in spring and summer. 

The 1995 WQCP X2 objectives would have re­
quired export reduction:; or additional reservoir releases 
for a few days in March and for most of April and May to 
satisfY the Chipps Island X2 objective. The Roe Island 
X2 objective was not applicable in 1987. Because 
DailySOS reduces exports to a minimum of I ,500 cfs but 
does not simulate additional reservoir releases to satisfY 
X2 requirements, an outflow deficit was simulated during 
most of April and May, with the simulated X2 moving 
upstream of Chipps Island (kilometer 7 4 ). 

Comparison of Daily and Monthly Results for 1987 

The monthly and daily results for 1987 were gener­
ally similar. Both models simulated maximum allowable 
CVP and SWP exports to be greater than historical 
exports. Periods of potential OW diversions, which 
depend on relatively large Delta inflows, were not simu­
lated with the monthly model in 1987. The daily model 
simulated periods of potential D W diversions in October, 
and in the December-March period because of these­
quence of storm-event inflows. The monthly model 
simulated OW discharges for export, which depended on 
carryover storage from the previous year in November­
February. The daily model simulated discharges in 
October-March because of carryover storage and addi­
tional diversion opportunities. 

Table A4-l indicates that the annual historical CVP 
and SWP exports for 1987 totaled 5,047 TAF. The 
DeltaSOS monthly model results for historical inflows 
estimated maximum allowable CVP and SWP exports of 
5,742 TAF. The DailySOS model results estimated 
maximum allowable CVP and SWP exports of 5,382 
TAF. Both DeltaSOS and DailySOS simulated allowable 
exports to be higher than historical exports because 
south-of-Delta demands and storage capacity (San Luis 
Reservoir) were not included in the simulations. Addi­
tional storage or delivery facilities may be required to 
actually export the maximum allowable under the 1995 
WQCP objectives. 

The DailySOS daily simulated CVP and SWP 
exports were substantially less than DeltaSOS monthly 
simulated exports (360 TAF less) because inflow and 
export capacity are limiting more often with daily exports 
than with monthly exports and because exports may be 
limited more by daily outflow requirements than by the 
monthly average outflow requirements. 
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Table A4-l indicates that the DeltaSOS monthly 
model results for DW diversions and discharges for 
export in 1987 were 3 T AF of diversions and 241 T AF of 
exports, with no carryover storage on the reservoir 
islands at the end of September. The DailySOS model 
results were somewhat higher, with 142 TAF of diver­
sions, 324 TAF export, and no carryover storage. 

The DailySOS daily simulated DW operations were 
somewhat greater than DeltaSOS monthly simulated DW 
operations ( 139 T AF more of diversions, 83 T AF more 
of exports) because of short periods of simulated DW 
diversions during storm-event inflows in fall and winter. 

These differences between the daily and monthly 
simulation results are generally consistent; reduced 
allowable CVP and SWP exports will allow greater DW 
diversions and discharges. The daily variations in hydrol­
ogy that may exceed pumping capacity or require export 
reductions to satisfy outflow requirements will at the 
same time allow periods ofDW diversions (whenever the 
export capacity is exceeded) or allow DW exports (when­
ever there is unused CVP or SWP export capacity). 

DailySOS Results for 1988 

Figure A4-15A shows the historical 1988 Sacra­
mento and San Joaquin River inflows and DailySOS 
adjustments. Water year 1988 was classified as a critical 
year (Eight-River Index of Il ,385 T AF); the Sacramento 
River inflows were relatively low (10,000 cfs to IS,OOO 
cfs) during the entire year, with a few small stomi-events 
in December-January. Monthly average inflows and 
monthly model results would perhaps be adequate for this 
y~ar. Daily simulations might produce different results, 
however, during the periods of moderate storm-event 
inflows. 

San Joaquin River inflows were between about 
I ,000 cfs and 2,000 cfs during the entire year. The Corps 
permit for SWP pumping capacity allowed some addi­
tional exports only in January. The 1995 WQCP objec­
tives for San Joaquin River pulse flow from April IS to 
May 15 required about 1 ,Ooo cfs of additional releases 
from tributaries. 

Figure A4-ISB shows the DailySOS adjustments to 
historical exports for 1988 and the DW project diversions 
and DW discharges for export simulated for Alternative 2 
(DW exports limited by permitted capacity). 

The historical exports were adjusted slightly to 
match the percent of inflow limits or pumping capacity 
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from October through January. Simulated exports were 
reduced from historical exports from February through 
June to satisfy outflow requirements for X2 objectives. 
The April and May storm-event inflows did not increase 
exports; simulated exports were reduced to satisfy the 
export limits associated with the San Joaquin River pulse 
flows. 

The DailySOS simulation ofDW project operations 
in 1988 started with empty reservoir islands. DW 
diversions were simulated in early December and January 
storm events. DW exports were simulated in late 
December and February. Delta inflows were limiting for 
the rest of the year, and DW reservoir islands were 
simulated to remain empty from March to the end of the 
year. 

Figure A4-15C shows the daily simulated X2 re­
quirements and estimated X2, along with the historical 
and adjusted outflow for 1988. DailySOS increased 
outflow above the historical levels to meet the 1995 
WQCP minimum monthly outflow objectives by reducing 
exports during October-January and July-September. 
Outflow was reduced below historical levels during some 
storm events to provide increased exports. Simulated X2 
objectives controlled outflow requirements in February, 
March, and June. Inflow limits and pulse-flow export 
limits resulted in increased simulated outflow during 
April and May. 

Comparison of Daily and Monthly Results for 1988 

The monthly and daily results for 1988 were gener­
ally similar. Both models simulated reduced allowable 
exports compared with historical exports. Periods of 
potential DW diversions, which depend on relatively 
large Delta inflows, were simulated in January with the 
monthly model. The daily model simulated periods of 
potential DW diversions in December and January storm 
events. The monthly model simulated DW discharges for 
export in February. The daily model simulated discharges 
in December and February. 

Table A4-l indicates that the annual historical CVP 
and SWP exports for I988 totaled 5,611 TAF. The 
DeltaSOS monthly model results for historical inflows 
estimated maximum allowable CVP and SWP exports of 
only 4,646 TAF. The DailySOS model results estimated 
maximum allowable CVP and SWP exports of 4,233 
T AF. Allowable exports simulated by both DeltaSOS 
and DailySOS were less than actual historical exports 
because exports were reduced to satisfy 1995 WQCP 
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objectives foc percentage of inflow diverted, San Joaquin 
River pulse flow, minimwn outflow, and X2 position. 

The DailySOS daily simulated CVP and SWP ex­
ports were again substantially less than DeltaSOS month­
ly simulated exports (413 TAF less) because daily 
inflows and export capacity limits on daily exports are 
greater than monthly inflow limits and because exports 
may be limited more by daily outflow requirements than 
by the monthly average outflow requirements. 

Table A4-l indicates that the DeltaSOS monthly 
model results for DW diversions and discharges for 
export in 1988 were 234 T AF of diversions and 244 T AF 
of exports, with no carryover storage on the reservoir 
islands at the end of September. The DailySOS model 
results were somewhat higher, with 283 T AF of diver­
sions, 278 T AF of exports, and no carryover storage. 

The DailySOS daily simulated DW operations were 
somewhat greater than DeltaSOS monthly simulated DW 
operations ( 49 T AF more of diversions, 34 T AF more of 
exports) because of short periods of diversions during 
storm-event inflows in winter. 

CONCLUSIONS 

This appendix has presented information on daily 
Delta flow conditions, CVP and SWP operations, fish 
abundance patterns, and likely DW project operations 
and has compared daily and monthly conditions and 
operations. Two major conclusions can be drawn from 
the information presented above. 

• Impact assessments ofthe DW project that 
are based on monthly models of Delta 
hydrologk; water quality, and fishery condi­
tions and likely CVP and SWP operations 
provide a good basis for reliable evaluation 
of major potential impacts on water supply, 
hydrodynamics, water quality, and fishery 
resources. 

DW project impact assessments are based on 
monthly simulations of the 1922-1991 period, 
which includes a wide range of likely Delta 
conditions. Although daily variations in hydrol­
ogy, water quality, and fishery conditions are 
expected, monthly average values. are repre­
sentative of the anticipated range of conditions. 
Simulated average monthly DW operations pro-
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vide adequate estimates of likely environmental 
effects of the DW project on Delta conditions. 

Variations in both fish abundance and distribu­
tion are relatively unknown and uncertain; 
monthly average conditions are sufficient for 
estimates of likely fish conditions for impact 
assessment. 

• DW project operations should be governed 
and regulated under SWRCB-adopted 
water right terms and conditions and poll­
ible biological opinion requirements using 
available daily information on Delta flow 
and salinity conditions, DW project operat­
ing capacities, CVP and SWP operations, 
and compliance with Delta objectives and 
available water quality and fishery monitor­
ing information. 

The magnitude of possible effects ofDW pro­
ject operations will change as daily Delta condi­
tions change. Potential impacts may be mini­
mized through adaptive-management evalua­
tions of the daily effects of DW operations on 
Delta flows, water quality, or fishery resources. 

Mitigation measures should be designed to 
reduce the possible daily effects ofDW project 
operations, with appropriate monitoring re­
quirements to allow the effectiveness of daily 
operational mitigation measures to be evalu­
ated. 
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Table A4-l. Comparison of Annual Results from DailySOS and DeltaSOS for Historical Inflows and Exports for 1967-1991 

Historical Historical Historical DailySOS DeltaSOS DailySOS DeltaSOS 

Sac SJR Banks& Historical Yolo Historical Historical SJR Historical Historical Added Added New New 

Basin Basin Tracy Sac Bypass CCWD Eastside Basin Delta Delta SJR SJR SJR SJR 

Water Year Year Pumping Inflow A ow Pumping Inflow Inflow Depletion Outflow A ow Flow A ow Flow 

Year Type Type (TAF) (TAF) (TAF) (TAF). (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

I 

1967 1 1 1,250 24,233 3,654 71 1,720 5,559 389 33,457 38 24 5,597 5,593 

1968 3 4 2,460 13,377 653 96 514 1,423 1,036 12,373 341 376 1,764 1,807 

1969 1 1 2,870 23,362 6,270 78 2,387 10,168 424 38,817 13 7 10,180 10,192. 

1970 1 2 2,064 20,289 8,485 94 1,412 2,996 788 30,237 415 384 3,412 3,385 

1971 1 3 2,825 22,811 1,304 75 900 1,778 742 23,151 279 241 2,057 2,022: 

1972 3 4 3,427 12,470 29 103 362 1 '112 1,246 9,145 436 427 1,548 1,546 

1973 2 2 3,358 20,758 3,880 92 1,426 2,392 439 24,616 327 249 2,720 2,645! 

1974 1 1 4,353 30,663 7,554 79 1,548 2,773 688 37,417 321 125 3,094 2,902 

1975 1 1 3,898 19,941 949 79 1,123 2,826 854 20,008 348 247 3,174 3,078' 

1976 5 5 4,815 10,963 14 111 206 1,523 1,225 6,556 149 127 1,672 1,657 

1977 5 5 2,075 5,497 1 99 30 416 1,237 2,528 427 420 843 836 

1978 2 1 4,342 17,691 2,839 77 1,144 4,490 316 21 ,411 121 97 4,611 4,595 

1979 3 2 4,462 13,034 153 91 1,018 2,625 742 11,535 358 335 2,983 2,965 

1980 2 1 4,502 19,248 6,390 87 1,810 5,975 645 28,190 0 0 5,975 6,025 

1981 4 4 4,714 11,498 126 107 286 1,763 958 7,895 167 164 1,930 1,930! 

1982 1 1 4,613 30,150 7,217 75 3,033 5,477 30 41 '159 14 7 5,491 5,493 

1983 1 1 4,392 34,051 14,936 79 4,549 15,438 (29) 64,531 0 0 15,438 15,464 

1984 1 2 3,822 22,437 4,678 97 1,799 6,279 823 30,450 281 242 6,560 6,555 

1985 4 4 5,461 12,192 172 112 469 2,119 939 8,438 125 107 2,244 2,229 

1986 1 1 5,277 18,112 10,589 110 2,121 5,235 230 30,419 15 0 5,251 5,244 

1987 4 5 5,034 10,031 35 131 383 1,810 999 6,094 43 0 1,853 1,813 

1988 5 5 5,580 9,653 115 135 142 1,164 965 4,395 78 13 1,241 1,182 

1989 4 5 5,957 12,244 44 134 220 1,057 888 6,588 84 60 1,140 1 '119 
1990 5 5 5,798 9,860 21 135 169 914 1,074 3,957 122 83 1,036 998 

1991 5 5 3,180 7,540 75 106 221 655 834 4,371 234 228 889 883 

Average 4,021 17,284 3,207 98 1,160 3,519 739 20,310 190 158 3,708 3,686 

Note: Negative values shown in parentheses. 



Table A4-l. Continued 

DallySOS DeltaS OS DallySOS DeltaS()S DailySOS DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 

Added Added New New Required Required Export Export Reduced Reduced Net Net 

SJR SJR SJR ·•· SJR Delta Delta Umits for Umits for Export for Export for Outflow Outflow Export Export 

Water Row Flaw Row A ow Outflow Outflow Inflow Inflow Obje¢tives Objectives Deficit Deficit Change Change 

Year (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1967 38 24 
I 

5,597 5,593 4,121 5,706 15,785 15,739 3 0 14 0 6,303 6,664 

1968 341 376 1,764 1,807 5,704 5,922 7,965 7,945 694 554 594 208 2,911 3,355 

1969 13 7 10,180 10,192 3,743 5,432 19,049 19,184 25 0 0 0 5,100 5,023 

1970 415 384 3,412 3,385 6,353 5,120 17,711 17,682 601 322 1,589 123 4,103 4,436 

1971 279 241 2,057 2,022 5,611 6,325 13,825 13,745 159 0 309 0 4,349 5,049 

1972 436 427 1,548 1,546 5,696 4,611 7,498 7,443 810 417 776 0 2,125 2,627 

1973 327 249 2,720 2,645 5,460 5,345 14,120 14,064 614 220 695 0 3,366 3,776 

1974 321 125 3,094 2,902 5,443 5,407 21,230 20,711 524 0 288 0 3,185 3,781 

1975 348 247 3,174 3,078 5,430 6,065 11,840 11,497 100 0 68 0 3,622 4,065 

1976 149 127 1,672 1,657 4,075 3,942 7,033 7,035 692 647 220 0 313 424 

1977 427 420 843 836 3,458 3,272 3,405 3,393 501 310 713 591 {334) {118) 

1978 121 97 4,611 4,595 4,444 5,082 12,074 11,912 568 250 418 21 1,482 1,920 

1979 358 335 2,983 2,965 5,261 4,994 8,626 8,303 522 383 294 21 2,073 2,337 

1980 0 0 5,975 6,025 5,485 5,482 16,431 16,081 209 0 393 0 2,865 3,334 

1981 167 164 1,930 1,930 5,958 4,445 7,125 6,895 686 231 1,078 6 623 1,449 

1982 14 7 5,491 5,493 4,758 5,368 21,086 20,912 84 0 319 0 2,875 3,399 

1983 0 0 15,438 15,464 3,814 4,873 30,995 30,937 0 0 0 0 4,329 3,978 

1984 281 242 6,560 6,555 6,166 5,832 20,211 20,207 575 393 1,088 0 3,467 3,335 

1985 125 107 2,244 2,229 5,092 4,427 8,074 8,068 956 434 616 0 285 788 

1986 15 0 5,251 5,244 6,240 5,217 15,973 14,983 701 81 1,148 0 1,070 1,834 

1987 43 0 1,853 1,813 5,661 4,600 6,408 6,424 896 657 1,533 16 292 699 

1988 78 13 1,241 1,182 5,008 3,802 5,732 5,734 1,587 1,180 995 0 {1,337) {965) 

1989 84 60 1,140 1,119 5,376 4,056 6,658 6,594 1,163 780 1,338 2 {829) (272) 

1990 122 83 1,036 998 4,141 3,927 5,845 5,675 1,328 959 321 0 (1,025) (594) 

1991 234 228 889 883 3,767 3,473 4,378 4,335 646 491 538 122 {3011 (4) 

Average 190 158 3,708 3,686 5,051 4,909 12,363 12,220 586 332 614 44 2,037 2,413 
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Table A4-l. Continued 

DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaS OS DailySOS DeltaSOS 

CVP& CVP& Carryover Carryover Delta Delta Delta Delta Final Final Final Final Final Final 

SWP SWP Available Available Delta Delta Storage Storage Storage Storage Total Total OW EST QWEST Delta Delta 

Water Export Export Flow Flow Storage Storage Diversion Diversion Export Ex part Export Export Flow Flow Outflow Outflow 

Year (TAF) (TAF) (TAF) l(TAF) (TAF) {TAF) {TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1967 7,552 7,916 6,113 6,548 232 231 482 306 200 24 7,753 7,940 3,898 3,639 26,697 26,359 

1968 5,371 5,823 1,234 1,215 0 0 117 11 334 236 5,705 6,059 (561) (923) 9,370 9,117 

1969 7,970 7,898 8,617 9,111 238 238 451 447 173 169 8,142 8,067 8,991 9,031 33,289 33,203 

1970 6,167 6,503 5,088 5,641 110 0 127 128 234 223 6,401 6,726 2,323 1,914 26,032 25,656 

1971 7,174 7,880 3,942 3,680 238 0 647 269 474 97 7,648 7,977 (800) (1 '119) 18,180 17,692 

1972 5,552 6,067 691 671 48 (0) 98 55 273 238 5,825 6,305 (1,348) (1,799) 6,999 6,624 

1973 6,724 7,140 4,608 4,814 72 0 295 282 243 206 6,968 7,346 1,329 886 20,931 20,522 

1974 7,537 8,141 7,145 7,312 238 179 486 261 281 55 7,818 8,196 1,851 1,500 33,772 33,323 

1975 7,520 7,969 3,510 3,224 238 44 292 256 255 207 7,775 8,176 283 (50) 16,119 15,639 

1976 5,128 5,264 1,176 1,148 0 0 6 6 244 244 5,373 5,508 (863) (1,030) 6,261 6,129 

1977 1,740 1,961 0 0 0 0 0 0 0 0 1,740 1,961 78 (158) 2,893 2,681 

1978 5,825 6,270 4,090 4,052 173 0 465 419 267 234 6,092 6,504 3,268 2,700 19,508 18,917 

1979 6,535 6,807 1,232 823 0 0 371 185 521 343 7,056 7,150 (76) (270) 9,115 8,900 

1980 7,367 7,857 5,510 6,014 106 0 426 359 291 218 7,659 8,074 4,186 3,791 24,924 24,772 

1981 5,337 6,171 605 289 0 0 379 234 473 344 5,810 6,515 (923) (1,717) 6,918 6,075 

1982 7,488 8,019 8,900 9,220 238 238 487 285 204 0 7,692 8,019 6,449 5,862 37,822 37,163 

1983 8,720 8,377 19,927 20,905 238 238 49 49 0 0 8,720 8,377 17,403 17,536 60,178 60,529 

1984 7,289 7,176 7,938 8,400 238 0 264 258 231 236 7,520 7,412 5,058 5,192 26,743 26,853 

1985 5,746 6,258 1.441 1,554 0 0 35 6 276 252 6,022 6,510 (304) (813) 8,143 7,640 

1986 6,348 7,120 5,862 6,209 193 0 575 489 349 228 6,696 7,348 4,639 3,777 28,819 27,896 

1987 5,326 5,742 217 107 0 0 143 3 332 241 5,658 5,983 (741) (1,126) 5,684 5,263 

1988 4,243 4,646 474 451 0 0 287 234 298 244 4,541 4,890 (820) (1,225) 5,469 5,058 

1989 5,128 5,695 665 440 116 0 511 351 367 236 5,494 5,932 (1,395) (1,948) 6,931 6,309 

1990 4,773 5,218 212 93 0 0 181 93 299 210 5,072 5,428 (1 ,474) (1,842) 4,826 4,447 

1991 2,879 3,176 86 0 0 0 85 0 83 0 2,962 3,176 (18) (422J 4,612 4,134J 

Average 6,058 6,444 3,971 4,077 -~--!_09 47 290 
-

199 268 179 6,326 6,623 2,017 1,655 18,009 17,636! 



Table A4-2. Comparison of DailySOS and DeltaSOS Monthly Results for Historical Inflows and Exports 

Historical Historical Historical Historical Historical Historical Historical Historical 
Banks& Yolo SJR Estimated 
Tracy Sac Bypass CCWD Eastside Basin Delta Delta 

Water Pumping lnflo.v A ow Pumping lnflo.v lnflo.v Depletion Outflo.v 
Year (cfs) (cfs) (cfs) (cfs) (Cfs) (cfs) (cfs) (cfs) 

1968 
Oct 1,693 16,155 22 101 1,326 2,725 1,685 16,749 
Nov 1,040 14,593 15 92 430 3,473 1,178 16,202 
Dec 595 17,177 41 79 234 3,635 (86) 20,498 
Jan 1,077 20,477 899 91 602 2,940 (507) 24,257 
Feb 1,768 39,779 6,613 60 2,516 2,617 (2,364) 52,061 
Mar 4,435 36,016 2,843 51 1,869 3,093 (979) 40,314 
Apr 5,250 14,437 282 130 623 1,435 1,467 9,932 
May 5,452 13,316 51 159 384 891 2,294 6,737 
Jun 4,484 11,353 27 224 150 592 3,747 3,666 
Jul 4,944 12,594 3 224 103 503 4,352 3,684 

Aug 4,674 13,003 8 194 138 768 3,785 5,264 
Sep 5,417 13,120 27 185 154 938 2,632 6,004 

1969 
Oct 6,099 11,629 21 149 139 1,384 1,473 5,453 
Nov 4,928 .13,603 14 114 203 1,604 (738) 11 '120 
Dec 3,677 22,935 857 88 751 2,533 (2,371) 25,682 
Jan 5,688 55,403 45,312 60 10,995 13,815 (4,827) 123,140 
Feb 4,647 71,793 45,185 60 9,957 32,554 (4,146) 159,046 
Mar 3,349 49,729 10,688 53 5,439 30,874 101 93,506 
Apr 3,139 45,350 1,070 74 4,731 22,117 960 69,375 
May 3,162 40,606 698 108 4,011 24,613 2,374 64,564 
Jun 2,381 23,123 148 113 1,388 27,887 3,736 46,596 
Jul 3,228 14,216 32 154 695 5,803 4,352 13,143 

Aug 4,921 18,345 21 176 570 2,325 3,785 12,458 
Sep 2,421 21,017 26 140 736 3,255 2,332 20,188 

1970 
Oct 1,902 16,694 25 104 1,094 4,462 784 19,484 
Nov 994 16,940 21 78 413 4,628 965 19,964 
Dec 727 35,252 6,341 94 1,850 2,658 (910) 46,190 
Jan 1,067 70,261 98,162 49 9,355 11,116 (5,343) 193,121 
Feb 1,866 66,061 32,998 84 4,510 9,191 (515) 111,326 
Mar 2,193 44,206 3,004 72 3,780 7,180 (81) 55,986 
Apr 4,524 14,620 123 128 656 1,673 1,392 11,027 
May 3,845 14,265 47 166 473 2,393 2,406 10,761 
Jun 4,800 11,787 33 197 267 2,737 3,612 6,214 
Jul 5,016 13,174 16 212 315 1,330 4,352 5,256 

Aug 4,394 14,977 23 214 296 1,044 3,785 7,947 
Sep 2,928 18,513 43 161 431 1,319 2,632 14,587 



Table A4-2. Continued 

Hist(:)rical Historical Historical Historical Historical Historical Historical Historical 

Banks& Yolo SJR Estimated 

Tracy Sac Bypass CCWD Eastside Basin Delta Delta 

Water Pumping lnflo.v A ow Pumping lnflo.v lnflo.v Depletion Outflo.v 

Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1971 
Oct 2,469 15,261 25 116 472 1.466 1,217 13.423 
Nov 1,952 22,520 226 78 1,008 1,655 (2,738) 26,117 
Dec 1,852 63,971 10,983 63 4.078 5.044 (3,207) 85,369 
Jan 1,841 52,323 6,628 63 2,179 5,204 275 64,152 
Feb 3,074 31 '196 835 65 1,370 4,391 442 34,211 
Mar 4,631 30,481 1,269 71 1,766 2,589 (665) 32,069 
Apr 4,351 38,270 851 80 1,281 1,961 950 36,983 
1\Aay 4.452 29,190 589 97 913 1,833 1,570 26,406 
Jun 5,627 27,550 184 142 639 2,322 3,709 21,218 
Jul 6,344 20,981 14 165 454 1,066 4,352 11,654 
Aug 6,520 22,465 5 180 113 892 3,785 12,988 
Sep 3,779 24,393 36 128 667 1,096 2,625 19,659 

1972 
Oct 3,694 16,071 8 118 978 2,253 1,540 13,957 
Nov 2,962 15,853 16 85 318 1,646 1,044 13,743 
Dec 2,344 21,758 56 92 937 2,398 (1,252) 23,967 
Jan 1,549 20,000 115 66 618 3,117 896 21,339 
Feb 3,661 22,117 143 70 897 2,701 160 21,968 
Mar 6,588 23,897 96 94 663 1,380 1,276 18,078 
Apr 6,196 13,120 6 161 727 1,037 991 7,542 
1\Aay 6,282 12,848 8 213 378 744 2,344 5,140 
Jun 5,121 13,837 17 229 133 587 3,571 2,891 
Jul 4,893 15,000 2 181 80 481 4,352 6,211 
Aug 6,771 15,658 15 215 112 543 3,785 6,470 
Sep 6,817 16,817 7 194 173 1,563 1,978 10,476 

1973 
Oct 6,300 16,077 10 112 153 1,992 466 11,919 
Nov 3.472 23,203 640 75 281 2,216 (2,912) 25,943 
Dec 3,384 27,423 468 67 471 2,502 300 27,133 
Jan 2,899 60,132 30,170 63 6,084 4,059 (4,203) 101,685 
Feb 1,114 65,257 20,132 64 7,528 7,988 (2,438) 102,165 
Mar 1,216 51,642 12,122 66 4,606 7,611 (2,208) 76,907 
Apr 3,268 20,670 668 84 1,574 4,203 1,572 22,191 

1\Aay 6,311 16,416 89 190 1 '161 2,937 2,404 11,699 
Jun 7,161 14,937 37 194 764 2,576 3,747 7,211 
Jul 7.461 15,168 14 233 379 1,082 4,352 4,599 

Aug 7,557 16,123 13 217 319 1,067 3,785 5,963 
Sep 5,601 17,487 33 167 355 1,471 2.425 11,153 



Table A4-2. Continued 

Historical Historical Historical Historical Historical Historical Historical Historical 
Banks& Yolo SJR Estimated 
Tracy . Sac Bypass CCWD &\stside Basin Delta Delta 

Water Pumping·•. Inflow Flow Pumping Inflow Inflow Depletion Outflow 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1974 
Oct 5,822 16,723 11 105 471 2,546 (246) 14,071 
Nov 4,819 48,037 10,932 84 2,041 2,281 (1,557) 59,945 
Dec 3,283 61,632 10,389 56 3,404 3,586 (732) 76,406 
Jan 1,917 74,826 51' 191 58 5,475 7,781 (1 ,400) 138,699 
Feb 5,397 52,389 6,017 58 1,256 5,094 123 59,178 
Mar 6,209 64,681 9,011 66 4,614 4,817 (727) 77,575 
Apr 4,125 66,283 37,497 78 3,828 5,850 (291) 109,547 
May 7,015 29,177 174 114 1,650 4,106 2,434 25,544 
Jun 8,942 24,413 51 188 1,247 3,860 3,499 16,943 
Jul 10,493 21,752 24 198 545 1,636 3,901 9,365 

Aug 9,281 23,948 12 192 467 1,615 3,785 12,783 
Sep 4,940 25,060 61 115 701 2,846 2,632 20,981 

1975 
Oct 4,496 20,119 20 98 761 3,497 1,274 18,529 
Nov 1,878 22,003 15 71 903 3,891 872 23,991 
Dec 2,755 25,645 127 59 788 4,162 (110) 28,017 
Jan 5,405 19,432 38 67 303 3,766 579 17,489 
Feb 6,634 47,518 3,983 83 2,529 6,212 (3,805) 57,330 
Mar 6,005 50,942 9,408 73 5,327 5,685 (1 ,551) 66,834 
Apr 6,207 33,173 1,716 97 2,626 3,957 650 34,519 
May 5,471 30,265 286 112 2,290 3,972 2,434 28,796 
Jun 4,353 23,710 28 167 1,309 5,708 3,726 22,508 
Jul 5,010 18,284 13 175 550 1,718 4,252 11,129 

Aug 8,817 19,497 7 171 561 1,681 3,235 9,523 
s~ 7,662 20,380 109 137 697 2,652 2,621 13,419 -

1976 
Oct 7,474 19,174 18 87 912 4,543 186 16,900 
Nov 7,949 22,250 13 61 890 3,906 1,128 17,921 
Dec 7,778 25,545 40 42 344 3,745 1,901 19,953 
Jan 8,158 15,132 37 101 120 3,326 1,010 9,346 
Feb 7,628 12,772 34 166 160 2,115 (208) 7,495 
Mar 8,207 14,574 51 144 169 1,823 409 7,858 
Apr 4,865 12,724 0 172 183 1,293 329 8,833 
May 5,280 10,910 40 207 99 939 2,434 4,066 
Jun 3,930 10,935 1 222 49 798 3,716 3,915 
Jul 3,876 12,077 0 233 55 671 4,352 4,343 

Aug 6,624 13,348 4 212 74 1,055 3,135 4,509 
Sep 8,140 12,510 4 190 357 1,067 1,9~ L__ 3,670 



Table A4-2. Continued 

Historical Historical Historical Historical Historical Historical Historical Historical 
•Banks& Yolo SJR Estimated 

Tracy Sac SypE~SS CCWD Eastside .. Basin Delta Delta 
Water Pumping lnflo.v Flow Pumping lnflo.Y ihfiON Depletion Outflo.v 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1977 
Oct 4.471 8,103 1 135 28 1,274 1,176 3,623 

!Nov 4,082 7,823 6 162 94 1,136 1,172 3,644 
Dec 2,659 7,743 1 125 58 965 1,770 4,213 
Jan 6,927 9,802 3 115 51 1,091 (461) 4,365 
Feb 4,175 8,003 1 160 40 789 (426) 4,924 
Mar 3,688 6,573 4 125 50 524 267 3,070 
Apr 1,176 5,961 1 120 25 212 1,820 3,083 
May 2,877 7,597 1 110 31 400 1,043 3,999 
Jun 557 6,865 1 182 23 118 3,747 2,521 
Jul 701 8,248 1 145 67 93 4,352 3,212 
Aug 1,388 7,687 1 141 16 124 3,785 2,514 
Sep 1,734 6,838 1 123 13 179 2,280 2,791 
1978 
Oct 628 4,494 0 135 9 246 1,821 2,075 
Nov 2,527 6,687 0 123 34 430 390 4,004 
Dec 5,802 11,745 0 110 274 506 (1,945) 8,488 
Jan 9,794 45,490 18,701 51 4,430 2,276 (5, 159) 66,171 
Feb 10,273 44,704 8,618 36 3,065 7,319 (2,764) 56,159 
Mar 5,883 55,571 18,368 36 3,174 11,475 (2,874) 85,544 
Apr 3,209 38,883 1,378 63 3,451 20,030 (806) 61,276! 
May 2,968 25,194 21 90 1,912 19,119 2,314 40,874 
Jun 7,484 12,660 17 137 706 7,069 3,747 9,086 
Jul 7,895 14,300 17 193 189 1,908 4,352 3,974 
Aug 8,247 15,968 7 178 745 1,418 3,785 5,927 
Sep 7,364 17,933 1 124 999 2,730 2,384 11,793 

1979 
Oct 5,023 12,487 1 100 804 3,327 1,863 9,633 
Nov 5,484 12,443 3 89 470 3,498 (87) 10,928 
Dec 5,963 13,203 7 88 312 2,812 1,504 8,779 
Jan 4,038 23,190 425 66 1,943 5,233 (3,835) 30,522 
Feb 2,885 32,443 1,662 54 4,441 7,138 (3,597) 46,341 
Mar 4,280 29,165 334 67 3,476 8,652 (807) 38,086 
Apr 5,794 16,547 30 88 1,535 3,506 1,252 14,485 
May 6,088 17,984 31 157 1,500 2,524 2,358 13,435 
Jun 6,143 12,207 18 198 935 2,254 3,747 5,326 
Jul 9,116 16,413 15 223 463 1,334 3,501 5,384 

Aug 10,153 15,677 13 209 481 1,451 3,785 3,475 
Sep 9,090 14,567 7 172 537 1,841 2,632 5,058 



Table A4-2. Continued 

Historical Historical Historical Historical Historical Historical Historical Historical I 

Banks& Yolo SJR Estimated 
Tracy Sac Bypass CCWD Eastside Basin Delta Delta 

Water Pumping lnfiON Flow Pumping lnflON lnfiON Depletion OutflON I 

Year (cis) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1980 I 

Oct 7,578 12,577 9 152 658 2,790 485 7,821 
Nov 5,745 15,203 10 112 648 2,320 149 12,1761 
pee 5,894 20,319 919 79 591 2,487 (685) 19,029' 
Jan 6,318 58,635 40,646 59 8,640 13,069 (3,598) 118,2121 
Feb 6,131 52,576 46,505 54 8,048 18,648 (2,061) 121,653 
Mar 4,286 55,339 17,793 54 4,917 25,232 (230) 99,171 
Apr 5,269 22,587 56 75 1,781 10,249 640 28,689 
May 4,494 15,894 36 136 1,744 9,912 2,044 20,912 
Jun 5,796 17,813 29 165 1,430 5,305 3,747 14,870 
Jul 6,695 17,726 27 174 715 3,384 3,792 11 '191 
Aug 9,015 14,916 21 197 344 1,969 3,785 4.253 
Sep 7,502 15,887 8 181 520 3,802 2,632 9,902 
1981 
Oct 6,529 11,344 7 165 458 4,072 1,818 7,368 
Nov 6,338 10,879 11 118 555 3,278 1,596 6,670 
Dec 6,687 16,687 17 76 264 2,949 666 12,488 
Jan 8,178 18,510 975 86 551 3,251 (3,304) 18,326 
Feb 7,162 24,239 717 77 345 2,879 (234) 21,174 
Mar 4,755 24,494 260 79 1,357 3,122 (2,069) 26,467 
Apr 7,983 17,224 32 106 438 2,532 485 11,653 
May 4,267 13,781 21 211 277 1,967 2,425 9,143 
Jun 3,793 10,729 18 239 129 1,499 3,747 4,596 
Jul 6,808 15,294 17 238 119 1,265 4,353 5,296 

Aug 9,112 14,865 13 203 114 1,269 3,785 3,161 
Sep 6,625 12,797 4 172 136 1,182 2,632 4,690 

1982 
5,2181 Oct 5,787 9,895 5 143 154 1,386 293 

Nov 4,632 32,909 3,761 85 1,101 1,564 (1 ,352) 35,971 
Dec 5,127 62,349 24,454 40 3,199 1,851 108 86,5791 
Jan 5,127 64,610 21,287 49 8,326 3,889 (4,771) 97,706 
Feb 9,402 59,646 26,362 50 7,895 6,645 (1 ,673) 92,770 I 

Mar 10,369 62,813 5,265 48 8,210 10,062 (4,156) 80,089 
Apr 9,550 76,580 38,218 53 11,595 22,963 (2,450) 142,203 
May 5,859 42,358 316 135 4,976 18,654 2,434 57,876 
Jun 3,765 26,076 50 171 2,334 7,584 3,594 28,515 
Jul 3,860 17,632 30 172 1,185 6,163 4,130 16,849 
Aug 7,913 20,629 23 182 650 4,017 3,785 13,438 
Sep 5,167 24,917 11 117 709 6,122 549 25,926 



Table A4-2. Continued 

Historical • His1orical Hls1orical Historical Historical Historical Historical Historical 
Banks.!. Yolo SJR Estimated 
Tracy Sac Bypass CCWD Eastside Basin Delta Delta 

Water Pumping Inflow Flow Pumping Inflow Inflow Depletion Outflow 
Year (cfS) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1983 
pet 5,202 19,229 17 83 1,392 8,179 547 22,986 
Nov 6,004 31,523 453 69 3,818 6,974 (2,457) 39,152 
Dec 8,367 57,735 12,298 61 9,025 16,494 (1 ,814) 88,937 
Jan 10,045 47,513 21,640 40 8,640 19,068 {2,979) 89,755 
Feb 10,155 79,039 60,480 91 11,923 31,604 {2,956) 175,757 
Mar 5,221 78,290 130,358 150 17,937 40,035 (5,438) 266,688 
Apr 3,755 60,500 17,919 59 6,927 36,447 (131) 118,109 
May 3,198 62,303 3,519 96 5,438 31,771 1,030 98,707 
Jun 4,841 48,380 1,106 170 4,226 26,083 3,747 71,038 
Jul 5,035 30,990 50 171 3,150 19,227 4,352 43,860 

Aug 7,016 25,039 34 174 1,435 9,035 3,785 24,567 
Sep 4,050 24,617 27 154 1,589 11,310 1,839 31,501 -
1984 
Oct 2,415 21 '148 188 82 1,491 13,323 1,362 32,293 
Nov 1,686 48,820 5,985 68 5,993 10,876 (4,217) 74,138 
Dec 2,088 75,384 51,892 54 9,166 19,126 (2,033) 155,458 
Jan 1,674 56,803 16,700 46 4,199 25,729 805 100,906 
Feb 5,700 32,372 1,301 67 2,325 10,833 (452) 41,515 
Mar 6,856 31,426 1,080 60 2,140 7,502 302 34,929 
Apr 7,542 17,933 333 143 1,229 4,285 1,364 14,732 
May 5,739 15,406 64 189 856 3,240 2,434 11,204 
Jun 5,950 14,990 38 215 626 2,297 3,747 8,038 
Jul 9,204 21,632 21 254 504 1,904 4,352 10,252 

Aug 9,265 18,784 16 250 586 2,179 3,778 8,272 
Sep 5,312 17,693 18 186 739 2,917 2,219 13,650 

1985 
Oct 5,456 13,235 20 149 772 4,029 535 11,916 
Nov 7,893 26,280 1,489 103 1,184 2,865 (2,130) 25,953 
Dec 8,407 32,558 1,131 57 1,269 4,775 203 31,067 
Jan 5,756 16,790 48 79 472 4,070 426 15,120 
Feb 7,517 18,271 157 97 1,012 3,243 (522) 15,590 
Mar 8,487 14,310 5 129 952 2,743 (1,040) 10.432 1 

Apr 7,194 12,495 0 147 891 2,445 1,576 6,913' 
May 5,997 13,432 0 218 461 2,134 2,434 7,378 
Jun 6,300 13,310 0 230 230 1,751 3,546 5,215 
Jul 9,209 16,035 0 256 148 2,567 4,352 4,934 

Aug 9,884 13,448 0 227 157 2,616 3,785 2,325 
Sep 8,545 12,192 0 174 231 1,929 2,422 3,211 

-------



Table A4-2. Continued 

Historical Historical Historical Historical Historical Historical Historical Historical 
Banks& Yolo SJR Estimated 
Tracy Sac Bypass CCWD Eastside Basin Delta Delta 

Water Pumping lnfiON A ow Pumping lhflON lhfiON Depletion OutflON 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1986 
Oct 7,518 9,711 20 185 209 2,072 931 3,378 
Nov 7,202 10,418 25 127 309 1,929 (1,539) 6,891 
ljlec 9,751 16,106 182 107 598 2,205 (197) 9.431 
Jan 8,925 19,965 142 145 1,150 2,060 (963) 15,209 
Feb 6,002 68,893 115,391 72 14,793 8,744 (7.415) 205,414 
Mar 3,141 74,984 58,664 58 9,913 25,035 (3,082) 169.448 
Apr 4,612 25,827 1,151 84 3,505 19,590 227 46,572 
May 6,080 12,761 43 180 1,962 8,764 2,258 15,911 
Jun 5,954 11,820 43 222 1,048 6,233 3,747 9,322 
Jul 8,378 16,881 43 230 488 2,894 4,315 7,384 
Aug 9,727 15,113 34 224 541 3,183 3,785 5,135 
Sep 10,296 18,140 20 194 680 4,181 1,753 10,778 
1987 
Oct 7,432 15,445 20 134 852 3,741 1,865 10,628 
Nov 6,712 12,680 25 148 737 2,842 1,692 7,732 
Dec 7,112 13,110 25 148 565 3,706 1,160 8,987 
Jan 6,130 13,171 25 121 484 2,305 (1,085) 10,819 
Feb 6,737 17,404 31 109 580 2,136 (3,554) 16,859 
Mar 5,468 21,577 219 132 1,110 3,415 (2.194) 22,916 
Apr 6,837 11,826 46 184 427 2,867 1,853 6,291 
May 5,075 9,996 43 238 378 2,178 2,330 4,951 
Jun 4,940 10,067 43 244 325 1,990 3,747 3.496 
Jul 8,707 15,142 43 245 316 1,632 4,352 3,829 

Aug 9,560 14,439 34 239 337 1,627 3,785 2,851 . 
Sep 8,845 11,625 20 224 250 1,597 2,632 1,790 

1988 
Oct 5,726 9,509 20 182 126 1,370 1,328 3,789 
Nov 5,307 8,129 25 153 112 1,548 64 4,291 
Dec 8,861 15,744 25 125 155 1,278 (1.239) 9,454 
Jan 10,289 25,400 1,571 128 335 1,483 (1,222} 19,593 
Feb 9,895 12,188 16 128 170 1,389 695 3,045 
Mar 8,256 11,348 26 185 265 2,241 897 4,542 
Apr 8,364 16,887 46 206 292 2,146 (700) 11,499 
May 6,069 10,974 43 194 193 1,781 1,981 4,748 
Jun 5,691 10,578 43 209 205 1,711 3,441 3,197 
Jul 7,720 14,642 43 247 197 1,357 4,352 3,920 
Aug 8,539 13,287 34 255 173 1,557 3,785 2,472 
Sep 7,897 11,537 20 223 133 1.452 2,632 2,391 

-



Table A4-2. Continued 

Historical Historical Historical Historical Historical Historical Historical Historical 
Banks& Yolo SJR Estimated 
. Tracy Sac Bypass CCWD Eastside Basin Delta Delta 

Water Pumping lnflON Flow Pumping lnflON lnflON Depletion OutfiON 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1989 
Oct 5,435 9,314 20 197 58 1,127 1,661 3,226 

~ov 5,936 11,356 25 152 84 1,274 (9) 6,660 
ec 7,037 12,388 25 147 102 1,372 (556) 7,259 

Jan 10,057 12,825 25 138 131 1,255 407 3,635' 
Feb 8,065 12,057 16 137 204 1,234 (1 ,095) 6,4051 
Mar 10,136 43,374 427 125 1,469 2,023 (1 ,919) 38,951 
Apr 10,302 21,273 46 145 663 1,915 1,643 11,808 
May 6,014 13,799 33 205 356 1,949 2,388 7,531 I 

Jun 5,044 13,287 33 228 165 1,583 3,479 6,317 
Jul 9,252 18,768 40 264 132 1,284 4,352 6,356. 

Aug 11,057 18,319 29 262 147 1,169 3,711 4,634 
Sep 10,534 16,463 18 219 147 1,353 673 6,555 

1990 
4,926

1 

Oct 10,351 14,274 17 178 110 1,401 348 
Nov 10,224 14,830 25 154 244 1,404 622 5,503 
Dec 10,297 15,397 25 146 142 1,381 2,081 4.422 
Jan 10,484 18,910 25 137 179 1,242 (177) 9,913 I 

Feb 10,405 13,804 20 148 285 1,365 (1 ,894) 6,815 
Mar 10,405 12,868 26 153 482 1,760 672 3,906 
Apr 9,465 15,271 46 201 340 1,309 1,259 6,041 
May 3,175 10,402 33 217 285 1,279 771 7,837 I 

Jun 3,276 10,519 33 215 233 1 '116 3,410 4,999 
Jul 6,007 13,506 33 238 163 1,009 4,352 4,115 
Aug 6,446 13,839 26 230 176 1,033 3,785 4,612 
Sep 5,692 10,029 36 226 164 876 2,594 2,594 
1991 
Oct 3,364 7,620 15 185 234 993 1,816 3,498 
Nov 3,708 7,723 26 149 202 1,115 650 4,558 
Dec 5,057 10,818 25 148 65 918 196 6.425 
Jan 4,766 8,984 25 146 69 816 969 4,013 
Feb 4,384 8,133 16 137 86 758 (2,948) 7.420 
Mar 9,652 25,755 893 111 1,225 1,779 (4,737) 24,626 
Apr 7,399 10,879 46 100 509 1,168 1,316 3,787 

·May 2,555 7,332 43 130 471 1,049 2,212 3,998 
Jun 1,770 8,930 43 155 269 568 3,716 4,169 
Jul 2.401 9,514 43 173 181 594 4,279 3.479 

Aug 3,650 9,515 34 167 166 537 3,739 2,696 
Sep 4,074 9,948 36 161 192 574 2,632 3,884 



Table A4-2. Continued 

DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 
Added Added New New Required Required Export Direct Reduced Reduced Net Net 

SJR SJR SJR SJR Delta Delta Umits for Export Export for Export for Outflo.v Outflo.v Export Export 
Water Flow Flow A ow Fiow Outflo.v Outflo.v lnflo.v Umlts Objectives Objectives Deficit Deficit Ctange Change 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

---
1968 
Oct 0 0 2,725 2,730 4,000 4,000 13,148 13,172 0 0 0 0 9.587 9,584 
Nov 0 0 3,473 3,479 4,500 4,500 12,033 12,052 0 0 0 0 10,207 10,238 
Dec 0 0 3,635 3,641 4,500 4,500 13,706 13,731 0 0 0 0 10,919 10,903 
Jan 0 0 I 2,940 2,946 4,500 5,225 16,197 16,226 0 0 0 0 10,629 10,773 
Feb 89 0 2,706 2,715 18,531 11,271 18,864 18,711 64 0 518 0 7,066 9,941 
Mar 1 0 3,094 3,099 7,813 24,947 15,338 15,365 135 0 208 0 6,404 6,964 
Apr 2,436 2,203 3,871 3,641 19,265 14,236 6,133 5,550 3,065 3,258 6,253 1,027 (3,065) (3,258) 
May 1,759 2,687 2,650 3,580 12,168 7,580 4,863 5,250 3,480 835 2,403 0 (3,238) (835) 
Jun 811 828 1,403 1,420 6,014 8,534 4,656 4,539 2,002 2,492 478 2,421 (1 ,914) (2,492) 
Jul 397 396 900 900 6,419 6,500 8,840 8,855 2,670 2,608 0 0 (2,658) (2,608) 

Aug 159 130 928 900 3,968 4,000 9,150 9,147 32 0 0 0 1,355 2,731 
Sep 12 0 950 940 3,000 3,000 9,263 9,270 66 0 0 0 3,030 --3,739 

1969 
Oct 208 113 1,593 1,500 4,000 4,000 8,698 8,652 249 0 0 0 1,300 1,657 
Nov 0 0 1,604 1,607 4,500 4,500 10,026 10,042 0 0 0 0 4,714 5,106 
Dec 0 0 2,533 2,537 4,500 4,500 17,599 17,631 0 0 0 0 7,315 7,628 
Jan 0 0 13,815 13,839 4,500 5,092 81,591 81,736 0 0 0 0 7,476 7,002 
Feb 0 0 32,554 32,611 7,100 21,409 55,821 55,919 0 0 0 0 9,853 8,045 
Mar 0 0 30,874 30,929 7,100 10,250 33,855 33,916 0 0 0 0 9,282 8,345 
Apr 0 0 22,117 22,152 7,100 7,580 23,400 23,918 0 0 0 0 8,141 8,136 
May 0 0 24,613 24,657 4,000 10,241 23,212 24,518 0 0 0 0 8,118 8,113 
Jun 0 0 27,887 27,931 4,000 7,580 18,391 18,421 0 0 0 0 8,850 8,895 
Jul 0 0 5;803 5,813 8,329 8,000 13,485 13,509 160 0 0 0 4,525 5,238 
Aug 0 0 2,325 2,329 4,000 4,000 13,820 13,844 0 0 0 0 6,205 6,350 
Sep 0 0 3,255 3,260 3,000 3,000 16,272 16,298 0 0 0 0 8,859 8,855 

1970 
Oct 0 0 4,462 4,470 4,000 4,000 14,478 14,504 0 0 0 0 9,378 9,375 
Nov 0 0 4,628 4,635 4,500 4,500 14,301 14,324 0 0 0 0 10,286 10,285 
Dec 317 0 2,976 2,663 4,500 4,500 30,172 30,019 0 0 0 0 10,552 10,604 
Jan 0 0 11,116 11,136 4,500 4,500 122,782 123,000 0 0 0 0 12,280 11,631 
Feb 0 0 9,191 9,207 7,100 13,933 39,466 . 39,535 0 0 0 0 12,015 10,831 
Mar 18 0 7,198 7,192 7,100 10,123 20,366 20,396 0 0 0 0 10,086 9,503 
Apr 3,667 3,545 5,340 5,220 25,775 9,868 7,259 6,595 2,580 0 13,524 0 (1,983) 1,022 
May 2,763 2,823 5,156 5,220 18,735 7,580 6,435 6,381 1,579 0 7;955 0 (1 ,080) 2,529 
Jun 130 0 2,867 2,741 14,120 10,970 5,234 5,197 3,115 2,808 4,808 2,038 (3,090) (2,808) 
Jul 0 0 1,330 1,333 8,110 8,000 9,643 9,660 2,695 2,532 80 0 (2,695) (2,532) 
Aug 0 0 1,044 1,046 4,000 4,000 10,622 10,640 0 0 0 0 3,999 4,833 
Sep 0 0 1,319 1,321 3,000 3,000 13,200 13,221 0 0 0 0 8,352 8,347 
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Table A4-2. Continued 

DallySOS DeltaSOS Daily$08 DeltaSOS DailySOS DeltaSdS DailySOS DeltaSOS OailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS I 

Added Added New New Required Required Export Direct Reduced Reduced Net Net 

SJR SJR SJR SJR Delta Delta Umits for Export Export for Export for Outflow Outflow Export Export 

Water Flow Flow Flow Flow Outflow Outflow Inflow Umits Objectives Objectives Deficit Deficit Change Change 

Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1971 
Oct 94 31 1,560 1,500 4,000 4,000 11,257 11,236 0 0 0 0 8,466 8,763 
Nov 0 0 I 1,655 1,658 4,500 4,500 16,516 16,542 0 0 0 0 9,280 9,325 
Dec 0 0 5,044 5,053 4,500 4,500 54,649 54,747 0 0 0 0 10,092 9,845 
Jan 0 0 5,204 5,213 6,000 4,500 43,116 43,193 0 0 0 0 10,756 10,756 
Feb 0 0 4,391 4,399 7,889 21,052 13,227 13,250 102 0 246 0 8,164 9,252 
Mar 0 0 2,589 2,594 24,483 13,885 12,637 12,659 1,686 0 4,024 0 865 6,682 
Apr 2,025 1,916 3,987 3,880 7,884 20,281 11,482 10,221 68 0 225 0 3,703 4,022 
May 1,997 2,044 3,830 3,880 5,626 9,683 8,644 8,520 89 0 223 0 3,552 3,920 
Jun 219 0 2,541 2,326 13,240 7,580 10,820 10,761 701 0 409 0 1,813 5,125 
Jul 240 0 1,306 1,068 8,000 8,000 14,790 14,661 0 0 0 0 3,238 3,877 

Aug 50 7 941 900 4,000 4,000 15,290 15,290 0 0 0 0 4,751 4,748 
Sep 1 0 1,096 1,097 3,000 3,000 17,025 17,052 0 0 0 0 7,501 7,494 

1972 
Oct 0 0 2,253 2,257 4,000 4,000 12,551 12,574 0 0 0 0 7,564 7,579 
Nov 0 0 1,646 1,649 4,500 4,500 11,591 11,610 0 0 0 0 7,762 8,313 
Dec 0 0 2,398 2,403 4,500 4,500 16,347 16,377 0 0 0 0 9,038 8,941 
Jan 0 0 3,117 3,122 4,500 4,500 15,502 15,530 0 0 0 0 10,360 10,359 
Feb 136 0 2,838 2,803 8,624 11,324 10,145 9,390 175 0 101 0 5,681 5,592 
Mar 904 898 2,284 2,280 17,794 9,933 9,429 9,443 2,165 0 1,337 0 (1 ,304) 2,843 
Apr 2,683 2,603 3,720 3,641 15,629 9,848 5,262 5,288 3,343 2,833 5,951 0 (3,157) (2,833) 
May 1,850 1,974 2,594 2,720 9,923 7,580 4,699 4,579 3,464 2,630 2,324 0 (3,387) (2,630) 
Jun 816 832 1,403 1,420 11,683 6,845 5,569 5,400 3,586 1,309 3,159 0 (3,011) (1 ,309) 
Jul 419 418 900 900 6,419 6,500 10,389 10,406 719 149 0 0 (204) (149) 
Aug 357 356 900 900 3,968 4,000 10,845 10,863 0 0 0 0 1,648 2,438 
Sep 77 0 1,641 1,566 3,000 3,000 12,114 12,083 0 0 0 0 4,282 4,453 

1973 
Oct 2 0 1,994 1,995 4,000 4,000 11,852 11,872 0 0 0 0 4,924 4,969 
Nov 0 0 2,216 2,220 4,500 4,500 17,121 17,149 0 0 0 0 7,634 7,802 
Dec 0 0 2,502 2,506 4,500 4,500 20,062 20,097 0 0 0 0 7,943 7,916 
Jan 0 0 4,059 4,066 6,000 4,500 65,289 65,405 0 0 0 0 9,320 9,318 
Feb 0 0 7,988 8,002 7,100 19,995 35,317 35,379 0 0 0 0 12,316 11,584 
Mar 0 0 7,611 7,625 7,100 12,499 26,593 26,641 0 0 0 0 10,913 10,482 
Apr 2,205 1,010 6,408 5,220 15,761 8,556 8,904 8,124 1,059 0 3,129 0 3,323 4,851 
May 2,489 2,278 5,426 5,220 15,381 7,580 7,765 7,206 1,920 0 6,626 0 (1 ,154) 8841 
Jun 740 840 3,316 3,420 11,278 7,580 6,668 6,714 3,889 459 1,776 0 (3,734) (459)~ 
Jul 0 0 1,082 1,084 8,000 8,000 10,818 10,838 3,323 3,191 0 0 (3,323) (3,191)' 
Aug 0 0 1,067 1,069 4,000 4,000 11,389 11,410 0 0 0 0 2,023 2,8451 
Sep 0 0 1,471 1,473 3,000 3,000 12,575 __ 1 g,§9_§_ - 0 0 0 0 5,679 5,670. 



Table A4- 2. Continued 

OailySOS OeltaSOS OailySO:S OeltaSOS. OallySOS DeltaSOS DailySOS DeltaSOS [)ajly$0$ Delta 80S DallySOS OeltaSOS DallySOS DeltaSOS 
Added Added New New Required Required Export Direct Reducf:!(f Reduced Net Net 

SJR SJR SJR SJR Delta Delta Limits for Export Export fOr Export for Outflcm Outflcm Export Export 
Waw Flow Flow Flow Flow Outflcm Outflcm lnflcm Limits Objectives Objectives Deficit Deficit Change Change 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1974 
Oct 0 0 2,546 2,551 4,000 4,000 12,838 12,861 0 0 0 0 5,458 5,448 
Nov 26 0 2,307 2,285 4,500 4,500 41,156 41,205 0 0 0 0 6,461 6,453 
Dec 0 0 I 3,586 3,593 4,500 4,500 51,358 51,449 0 0 0 0 8,343 8,202 
Jan 0 0 7,781 7,795 6,000 4,500 90,528 90,689 0 0 0 0 11,531 10,780 
Feb 0 0 5,094 5,102 7,100 13,106 22,665 22,704 0 0 0 0 7,164 7,157 
Mar 0 0 4,817 4,826 7,100 10,633 29,093 29,145 0 0 0 0 5,490 5,480 
Apr 2,180 161 8,030 6,020 7,100 15,895 32,318 23,770 0 0 0 0 5,737 5,819 
May 2,232 1,906 6,338 6,020 5,626 10,030 10,470 10,343 439 0 12 0 2,305 2,922 
Jun 387 0 4,247 3,866 27,520 7,580 10,485 10,366 6,582 0 4,281 0 (6,582) 1,410 
Jul 500 0 2,137 1,639 9,890 8,000 15,897 15,600 1,673 0 483 0 (1 ,391) 769 
Aug 0 0 1,615 1,618 4,000 4,000 16,927 16,957 0 0 0 0 1,999 1,982 
Sep 0 0 2,846 2,850 3,000 3,000 18,634 18,664 0 0 0 0 6,340 6,332 

1975 
Oct 10 0 3,507 3,503 4,000 4,000 15,865 15,887 0 0 0 0 6,784 6,776 
Nov 0 0 3,891 3,897 4,500 4,500 17,428 17,456 0 0 0 0 9,402 9,399 
Dec 0 0 4,162 4,169 4,500 4,500 19,969 20,004 0 .0 0 0 8,801 8,829 
Jan 0 0 3,766 3,773 6,000 4,500 15,301 15,328 0 0 0 0 6,718 6,711 
Feb 0 0 6,212 6,223 7,100 10,703 25,475 21,121 0 0 0 0 6,212 6,055 
Mar 0 0 5,685 5,695 9,146 20,210 24,976 25,021 0 0 0 0 5,586 5,684 
Apr 2,895 2,057 6,852 6,020 7,268 18,011 12,795 11,484 0 0 0 0 3,655 3,733 
May 2,501 2,041 6,472 6,020 10,966 8,642 10,764 10,666 341 0 162 0 3,480 4,470 
Jun 237 0 5,945 5,717 21,640 10,602 10,847 10,781 1,314 0 967 0 191 6,421 
Jul 136 0 1,855 1,721 8,000 8,000 13,456 13,391 0 0 0 0 3,207 3,332 
Aug 0 0 1,681 1,684 4,000 4,000 14,135 14,160 0 0 0 0 2,463 2,447 
Sep 0 0 2,652 2,657 3,000 3,000 15,495 15,520 0 0 0 0 3,618 3,606 

1976 
Oct 0 0 4,543 4,551 4,000 4,000 16,020 16,049 0 0 0 0 3,806 3,793 
Nov 0 0 3,906 3,912 4,500 4,500 17,588 17,617 0 0 0 0 3,331 3,318 
Dec 0 0 3,745 3,752 4,500 4,500 19,288 19,322 0 0 0 0 3,815 3,726 
Jan 0 0 3,326 3,332 4,500 4,500 12,100 12,121 42 0 0 0 3,014 3,807 
Feb 0 0 2,115 2,194 9,386 11,400 6,722 7,041 1,614 4,267 1,603 0 (1,520) (4,267) 
Mar 0 0 1,823 1,826 11,377 8,068 5,816 5,826 3,703 2,395 986 0 (3,703) (2,395) 
Apr 1,134 710 2,427 2,005 7,283 9,967 4,224 3,975 1,503 2,322 279 0 (1 ,027) (2,322) 
May 976 1,064 1,915 2,005 5,247 4,000 3,733 3,649 2,335 1,640 0 0 (2,335) (1,640) 
Jun 104 101 901 900 6,870 4,000 4,274 4,166 2,100 110 788 0 (2,098) (110) 
Jul 229 228 900 900 3,968 4,000 8,471 8,485 10 0 0 0 453 553 
Aug 24 0 1,079 1,057 3,000 3,500 9,428 9,429 26 0 0 0 1,371 1,661 
Sep 11 0 1,078 1,068 3,000 3,000 9,067 9,074 158 0 0 0 97 921 

-



Table A4-2. Continued 

DailySOS DeltaSOS DallySOS DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS OeltaSOS DailySOS DeltaSOS DallySOS DeltaSOS 
Added Added New New Required Required EXport Direct Reduced Reduced Net Net 

SJR SJR SJR SJR Delta Delta Umits for Export Export for Export for OutfiC7N Outfle7N Export Export 
Watsr Flow Flow Flow Flow Outfle7N Outfle7N lnflC7N Umits Objectives Objectives Deficit Deficit Change Change 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1977 
Oct 0 0 I 1,274 1,276 3,000 3,000 6,114 6,124 249 0 0 0 145 560 
Nov 0 0 1,136 1,138 3,500 3,500 5,888 5,898 493 0 0 0 (6) 453 
Dec 13 0 977 967 3,500 3,500 5,707 5,709 98 0 0 0 537 1,593 
Jan 0 0 1,091 1,093 4,500 4,500 7,115 7,128 1,544 493 0 0 (1 ,011) (493) 
Feb 173 110 961 900 7,889 7,100 4,053 4,031 2,153 2,182 1,179 948 (2,047) (2.182) 
Mar 376 375 900 900 7,100 7,100 2,634 2,638 1,931 1,695 2,284 2,869 (1,931) (1,695) 
Apr 1,867 1,793 2,079 2,005 7,100 7,100 2,755 2.414 135 0 3,831 3,872 (135) 0 
May 1,570 1,605 1,969 2,005 6,800 4,000 2,909 2,990 1 '118 779 1,985 0 (1,033) (779) 
Jun 782 782 900 900 4,000 4,000 2,726 2,730 0 0 1.410 1.491 0 0 
Jul 807 807 900 900 4,000 4,000 5,991 6,000 54 0 693 547 (17) 0 

Aug 776 776 900 900 3.000 3,500 5,593 5,601 312 0 297 78 (129) 0 
Sep 721 721 900 900 3,000 3,000 5,039 5,046 222 0 161 0 80 591 ----
1978 
Oct 754 753 1,000 1,000 3,000 3,000 3,577 3,582 0 0 892 353 48 0 
Nov 470 470 900 900 3,500 3,500 4,954 4,961 414 0 112 0 310 289 
Dec 394 393 900 900 3,500 3,500 8,398 8.412 426 0 211 0 467 2,600 
Jan 70 0 2,345 2,280 4,500 6,000 46,128 46,165 69 0 0 0 1,530 1,821 
Feb 319 0 7,638 7,331 7,100 7.486 22.408 22,336 127 0 0 0 2,546 2.409 
Mar 0 0 11.475 11.495 7,100 17,509 31,006 31,061 0 0 0 0 6,304 5,807: 
Apr 0 0 20,030 20,062 7,100 13,194 22,238 21,204 0 0 0 0 8,071 8,066 
May 0 0 19,119 19,153 5,132 7,580 17,981 16,215 80 0 2 0 7,942 8,307 
Jun 4 0 7,074 7,081 17,285 7,580 7,160 7,170 3,999 326 5,550 0 (3,999) (326) 
Jul 0 0 1,908 1,911 8,548 8,000 10,669 10,688 4,318 3,816 178 0 (4,318) (3,816) 

Aug 0 0 1.418 1.421 4,000 4,000 11,790 11 ,811 0 0 0 0 1,784 2,809 
Sep 0 0 2,730 2,735 3,000 3,000 14,081 14,104 0 0 0 0 3,916 -~- 3,905 
1979 
Oct 0 0 3,327 3,333 4,000 4,000 10,803 10,822 0 0 0 0 5,176 5,790 
Nov 0 0 3.498 3,503 4,500 4,500 10,669 10,686 0 0 0 0 4,582 5,194 
Dec 0 0 2,812 2,817 4,500 4,500 10,618 10,636 0 0 0 0 4,005 4,662 
Jan 0 0 5,233 5,243 4,500 4,500 20,014 20,050 0 0 0 0 8,202 8,564 
Feb 0 0 7,138 7,150 9,468 11,398 20,557 16,017 0 0 0 0 8,276 9,810 
Mar 0 0 8,652 8,667 9,952 7.436 14,569 14,595 0 0 0 0 7,698 7.412 
Apr 2,526 1,708 6,032 5,220 13,749 15,049 8,077 7,283 1,259 499 1,245 0 (7) (499) 
May 2,837 2,692 5,361 5,220 12,511 8,223 7,948 7,530 853 0 1,808 0 476 1.431 
Jun 576 1,163 2,830 3.420 10.478 9,776 5,596 5,810 3,716 4,153 1,811 355 (3,707) (4,153) 
Jul 0 0 1,334 1,336 6,658 6,500 11,846 11,867 1,908 1,707 23 0 (1,588) (1,707) 
Aug 0 0 1.451 1.454 4,000 4,000 11.455 11.475 931 0 0 0 (464) 353 
Sep 0 0 1,841 1,844 3,000 3,000 11,019 11,036 0 0 0 0 1,763 1,932 



Table A4-2. Continued 

DailySOS DeltaSOS DailySOS DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS Dally SOB DeltaSOS DallySOS DeltaSOS 
Added Added New New Required Required Export Direct Reduced Reduced Net Net 

SJR SJR SJR SJR Delta Delta Umits for Export Export for Export for Outflo.v Outflo.v Export Export 
Water Flow Flow Flow Flow Outflo.v Outflow lnflo.v Limits Objectives Objectives Deficit DefiCit Ctange Ctange 
Year (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1980 
Oct 0 0 2,790 2,795 4,000 4,000 10,423 10.441 0 0 0 0 2,410 2,850 
Nov 0 0 2,320 2,324 4,500 4,500 11,818 11,837 0 0 0 0 4,731 5,526 
Dec 0 0 2,487 2.491 4,500 4,500 15,806 15,834 0 0 0 0 4,977 5,399 
Jan 0 0 I 13,069 13,092 6,000 5,266 78,644 78,784 0 0 0 0 7,305 6,370 
Feb 0 0 18,648 19,348 7,100 22,183 51,171 45,674 0 0 0 0 8,352 6,339 
Mar 0 0 25,232 25,277 7,100 12,796 36,148 36,213 0 0 0 0 8,241 7.406 
Apr 0 0 10,249 10,266 10,335 7,580 11,511 11,210 446 0 518 0 4,081 5,496 
May 0 0 9,912 9,930 24,323 7,580 9,784 9,672 2,136 0 4,156 0 (1,345) 5,170 
Jun 0 0 5,305 5,314 8,333 7,580 8,858 8,616 599 0 1,854 0 1,804 2,811 
Jul 0 0 3,384 3,390 7,871 8,000 14,204 14,229 0 0 0 0 2,878 3,064 
Aug 0 0 1,969 1,973 3,968 4,000 11 ,213 11,233 286 0 0 0 344 1,132 
Sep 0 0 3,802 3,808 3,000 3,000 13,141 13,162 0 0 0 0 3,778 3,766 
1981 
Oct 0 0 4,072 4,080 4,000 4,000 10,322 10,341 24 0 0 0 2,826 3,792 
Nov 0 0 3,278 3,283 4,500 4,500 9,570 9,585 0 0 0 0 2,158 2,842 
Dec 0 0 2,949 2,955 4,500 4,500 12,946 12,969 0 0 0 0 4,175 4,683 
Jan 0 0 3,251 3,256 4,500 4,500 15,136 15,163 181 0 0 0 2.122 3,762 
Feb 14 0 2,893 2,884 10,257 11,400 12,687 9,880 758 0 1,217 0 2,264 2,706 
Mar 6 0 3,128 3,127 12,803 10,351 10,234 10,250 820 0 1,172 0 3,214 5.486 
Apr 1,239 1,105 3,772 3,641 22,570 9,020 6,820 5,962 5,188 2,034 8,072 0 (5,021) (2,034) 
May 1,493 1,610 3.459 3,580 15,441 7,580 5,606 5,307 1,827 0 5,124 0 (1,366) 1,033 
Jun 19 0 1,518 1,501 8,816 6,428 4,338 4,338 1,842 1,799 2,309 92 (1,842) (1,799) 
Jul 0 0 1,265 1,267 5,000 5,000 10,852 10,871 154 0 0 0 374 509 
Aug 0 0 1,269 1,272 3,500 3,500 10,570 10,589 584 0 0 0 (279) 538 
Sep 0 0 1,182 1,184 3,000 3,000 9,177 9,192 0 0 0 0 1,715 ~ 2,540 

1982 
Oct 169 111 1,556 1,500 4,000 4,000 7,547 7,522 517 0 0 0 449 582 
Nov 4 0 1,568 1,567 4,500 4,500 25,571 25,609 58 0 0 0 4,257 6,641 
Dec 61 0 1,912 1,854 4,500 4,500 59,744 59,811 0 0 0 0 6,088 6,059 
Jan 0 0 3,889 3,896 6,000 4,500 63,773 63,886 0 0 0 0 7,037 7,030 
Feb 3 0 6,648 6,657 7,100 14,623 35,193 35,254 0 0 0 0 3,672 3,282 
Mar 0 0 10,062 10,080 7,100 13,669 30,222 30,276 5 0 0 0 2,007 1,313 
Apr 0 0 22,963 23,000 7,100 10,265 40,913 37,679 0 0 0 0 1,730 1,715 
May 0 0 18,654 18,687 4,000 10,460 21,041 20,967 0 0 0 0 5,421 5,410 
Jun 0 0 7,584 7,596 7,360 7,580 12,615 12,636 192 0 542 0 6,260 7,509 
Jul 0 0 6,163 6,174 20,310 8,000 16,257 16,286 624 0 4,751 0 1,323 7,413 

Aug 0 0 4,017 4,024 4,000 4,000 16,457 16,487 0 0 0 0 3,367 3,353 
Sep 0 0 6,122 6,132 3,000 3,000 20,643 20,676 0 Q_ 0 0_ 6,113 -~~.105 --- -



,-

Table A4-2. Continued 

DailySOS DeltaSOS DailySOS DeltaSOS DallySOS DeltaSOS DailySOS Delta SO$ DailySOs OeltaSOS Dally 60S DeltaSOS DallySOS DeltaSOS 
Added Added New New··.· Required Requirec;l Export Direct Reduced ·Reduced Net Net 

SJR SJR S..IR SjR ·.. Delta Delta Limits for Export Export for Export f"r Outflo,v Outfla.v Export Export 
·Water Flow Flow A ow Flaw .· Outfla.v Outflow lnfla.v Limits Objectives Objectives Deficit Deficit Change Change 

Y8(ll (cfs) (cis) (cfs) wsr•• (cfs) (cfs) (cfs) (cfs) • (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1983 
Oct 0 0 I 8,179 8,194 4,000 4,000 18,731 18,765 0 0 0 0 6,078 6,069 
Nov 0 0 6,974 6,986 4,500 4,500 27,800 27,844 0 0 0 0 5,276 5,267 
Dec 0 0 16,494 16,523 4,500 4,500 62,109 62,219 0 0 0 0 4,498 3,318 
Jan 0 0 19,068 19,102 6,000 4,500 62,959 63,071 0 0 0 0 4,455 2,637 
Feb 0 0 31,604 31,659 7,100 15,007 64,066 64,178 0 0 0 0 4,345 2,528 
Mar 0 0 40,035 40,107 7,100 8,552 93,317 93,484 0 0 0 0 7,411 6,470 
Apr 0 0 36,447 36,505 7,100 7,580 42,560 39,601 0 0 0 0 7,525 7,519 
May 0 0 31,771 31,828 4,000 7,844 32,736 33,976 0 0 0 0 8,082 8,076 
Jun 0 0 26,083 26,125 4,000 9,397 27,928 27,973 0 0 0 0 6,439 6,431 
Jul 0 0 19,227 19,262 8,000 8,000 34,722 34,783 0 0 0 0 6,245 6,236 
Aug 0 0 9,035 9,051 4,000 4,000 23,103 23,144 0 0 0 0 4,264 4,251 
Sep 0 0 11 ,310 11,328 3,000 3,000 24,403 24,442 0 0 0 0 7,230 7,224 

1984 
Oct 0 0 13,323 13,346 4,000 4,000 23,498 23,540 0 0 0 0 8,865 8,861 
Nov 0 0 10,876 10,894 4,500 4,500 46,588 46,663 0 0 0 0 9,594 9,591 
Dec 0 0 19,126 19,160 4,500 4,500 101,119 101,299 0 0 0 0 10,777 9,608 
Jan 0 0 25,729 25,775 6,000 4,500 67,230 67,350 0 0 0 0 12,826 11,023 
Feb 0 0 10,833 11,240 7,100 11,954 16,391 17,006 0 0 0 0 8,067 6,786 
Mar 0 0 7,502 7,515 9,177 15,536 14,752 14,778 0 0 0 0 4,957 4,832 
Apr 1,708 928 5,993 5,220 21,349 19,623 8,410 7,526 4,059 4,949 6,045 0 (3,410) (4,949) 
May 1,886 1,975 5,126 5,220 12,473 7,580 7,052 6,921 1,829 0 5,009 0 (408) 1,172 
Jun 1,076 1,120 3,373 3,420 18,406 9,599 6,866 6,684 3,641 1,582 7,005 0 (3,511) (1,582) 
Jul 0 0 1,904 1,907 7,871 8,000 15,640 15,667 9 0 0 0 1,816 2,060 
Aug 0 0 2,179 2,183 3,968 4,000 14,018 14,042 0 0 0 0 2,008 1,998 
Sep 0 0 2,917 2,922 3,000 3,000 13,889 13,911 0 0 0 0 5,968 5,959 

1985 
Oct 0 0 4,029 4,037 4,000 4,000 11,737 11,758 0 0 0 0 5,578 5,814 
Nov 0 0 2,865 2,870 4,500 4,500 20,682 20,715 0 0 0 0 3,350 3,374 
Dec 0 0 4,775 4,783 4,500 4,500 25,827 25,873 0 0 0 0 3,427 3,271 
Jan 0 0 4,070 4,078 6,000 4,500 13,898 13,922 0 0 0 0 6,389 6,459 
Feb 0 0 3,243 3,248 11,046 10,885 7,939 7,953 1,601 0 2,025 0 (736) 422 
Mar 0 0 2,743 2,747 22,071 10,306 6,303 6,314 5,765 2,188 6,703 0 (5,763) (2,188) 
Apr 1,262 1,192 3,707 3,641 11,467 8,842 5,280 5,207 3,700 1,999 1,369 0 (3,696) (1 ,999) 
May 801 582 2,935 2,720 4,239 7,993 4,923 4,694 1,244 1,314 62 0 (1 ,156) (1,314) 
Jun 8 0 1,759 1,754 5,192 6,454 5,355 5,361 1,685 1,397 71 0 (1 ,531) (1 ,397) 
Jul 0 0 2,567 2,572 5,000 5,000 12,188 12,210 303 0 0 0 12 144 
Aug 0 0 2,616 2,621 3,500 3,500 10,544 10,563 1,205 299 0 0 (1,115) (299) 
Sep 0 0 1,929 1,932 3,000 3,000 9,329 9,344 367 0 0 0 (28) 785 



Table A4-2. Continued 

DailySOS DeltaSOS DallySOS ••. OeltaSOS OallySOS DeltaSOS DailySOS DeltaSOS DailySOS OeltaSOS DallySOS DeltaSOS DallySOS DeltaSOS 
Added Added New New Required Required Export Direct Reduced Reduced Net Net 

SJR SJR SJR SJR Delta Delta Umits for Export ~;><port for Export for Outflo,y Outflo.v Export Export 
WafB A ow A ow Flow Flow Outflc.v OutflON lnflo.v Umits ObjeCtives Objectives Deficit Deficit Change Change 
Year (cfs) (cfs) (cfs) (ds) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1986 
Oct 0 0 2,072 2,076 4,000 4,000 7,808 7,822 1,545 915 0 0 (1 ,202) (915) 
Nov 0 0 1,929 1,932 4,500 4,500 8,242 8,256 891 0 0 0 (322) 360 
Dec 0 0 2,205 2,209 4,500 4,500 12,409 12,431 1,243 0 0 0 (910) 1,487 
Jan 0 0 I 2,060 2,063 6,000 6,000 15,156 15,183 84 0 0 0 2,122 2,620 
Feb 257 0 9,000 8,759 7,100 11,400 87,119 72,864 0 0 0 0 6,985 6,688 
Mar 0 0 25,035 25,080 7,100 17,290 59,009 59,114 0 0 0 0 9.491 8,554 
Apr 0 0 19,590 19,621 7,100 8,732 19,206 17,554 0 0 0 0 6,665 6,660 
May 0 0 8,764 8,779 24,835 7,580 9,027 8,250 3,564 0 7,802 0 (3,128) 2,160 
Jun 0 0 6,233 6,243 23,441 7,580 6,701 6,711 3,529 0 11,256 0 (3,455) 747 
Jul 0 0 2,894 2,899 8,000 8,000 13,199 13,222 757 422 0 0 (538) (422) 
Aug 0 0 3,183 3,189 4,000 4,000 12,266 12,288 24 0 0 0 1,076 1,536 
Sep 0 0 4,181 4,187 3,000 3,000 14,964 14,988 3 0 0 0 984 968 

1987 
Oct 0 0 3,741 3,748 4,000 4,000 13,038 13,061 0 0 0 0 3,552 3,835 
Nov 0 0 2,842 2,846 4,500 4,500 10,584 10,601 0 0 0 0 3,220 3,878 
Dec 0 0 3,706 3,713 4,500 4,500 11,314 11,334 0 0 0 0 3,708 4,209 
Jan 0 0 2,305 2,309 4,500 4,500 10,390 10,409 0 0 0 0 3,620 4,268 
Feb 0 0 2,136 2,140 10,257 11,400 9,068 9,084 971 0 2.411 0 999 2,335 
Mar 0 0 3,415 3,421 9,952 11,400 9,213 9,229 954 0 1,531 0 2,489 3,752 
Apr 281 0 3,148 2,872 10,783 10,317 4,103 4,311 3,027 3,759 2,953 0 (3,020) (3,759) 
May 434 0 2,611 2,182 19,200 7,580 3,707 3,601 3,521 2,750 10,700 0 (3,498) (2,750) 
Jun 0 0 1,990 1,993 14,773 6,651 4,349 4,356 3,356 2,948 7,852 269 (3,356) (2,948) 
Jul 0 0 1,632 1,635 5,000 5,000 11 '136 11,156 1,093 962 0 0 (1 ,093) (962) 

Aug 0 0 1,627 1,630 3,500 3,500 10,684 10,703 732 0 0 0 (589) 228 
Sep 0 0 1,597 1,599 3,000 3,000 8,770 8,784 1,212 482 0 0 (1 ,184) .~ 
1988 
Oct 0 0 1,370 1,372 4,000 4,000 7,166 7,179 577 90 0 0 (239) (90) 
Nov 0 0 1,548 1,551 4,500 4,500 6,380 6,391 1,011 873 0 0 (709) (873) 
Dec 0 0 1,278 1,280 4,500 4,500 11 '181 11,200 626 0 0 0 881 2,222 
Jan 0 0 1.483 1,486 4,500 6,000 18,713 18,746 19 0 0 0 988 1,063 
Feb 0 0 1,389 1.441 11,672 11,400 4,817 4,998 5,701 7,786 4,193 0 (5,701) (7,786) 
Mar 0 0 2,241 2,245 21,319 7,100 4,858 4,867 6,301 3,404 10,586 0 (6,301) (3,404) 
Apr 669 0 2,814 2,150 11,643 7,100 4,834 4,783 4,283 3,596 1,518 0 (4,283) (3,596) 
May 624 221 2.405 2,005 4,121 4,000 3,785 3,678 2,521 2.402 0 0 (2,393) (2.402) 
Jun 0 0 1,711 1,714 6,897 4,000 4,518 4,396 3,410 1,305 221 0 (3,410) (1,305) 
Jul 0 0 1,357 1,359 3,968 4,000 10,555 10,574 548 0 0 0 30 146 
Aug 0 0 1,557 1,560 3,000 3,500 9,784 9,800 594 137 0 0 (469) (137) 

L_ S_ep 0 0 1.452 1.455 3,000 3,000 8,542 8,557 744 0 0 0 (584) 138 



/ 

Table A4- 2. Continued 

OailySOS DeltaSOS DailySOS Dei~SOS OailySOS DeltaSOS OailySOS DeltaSOS DailySOS OeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 
Added Added New New Required Required Export Direct Reduced Reduced Net Net 
SJR SJR SJR SJFi Delta Delta Umits for Export Export for Export for Outflow Outflow Export Export 

Water A ow A ow Flow·· A ow Outflow OutiiO.V Inflow Umits Objectives Objectives Deficit Deficit Ct-ange Ctenge 
Year (cfs) (cfs) (cfs) (efs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1989 
Oct 0 0 1,127 1,129 3,000 3,000 6,837 6,849 323 0 0 0 193 516 
Nov 0 0 I 1,274 1,276 3,500 3,500 8,280 8,294 345 0 0 0 519 2,348 
Dec 0 0 1,372 1,374 3,500 3,500 9,026 9,042 393 0 0 0 721 1,993 
Jan 0 0 1,255 1,257 6,000 4,500 9,254 9,270 2,796 805 0 0 (2,594) (805) 
Feb 0 0 1,234 1,236 11,836 11,400 6,080 6,091 3,291 6,079 3,829 33 (3,272) (6,079) 
Mar 0 0 2,023 2,027 9,952 7,100 16,553 16,582 533 0 760 0 24 1,071 
Apr 797 517 2,713 2,435 7,100 8,263 6,760 5,856 4,088 4,463 0 0 (3,923) (4,463) 
May 593 483 2,542 2,435 8,877 8,431 4,828 4,490 2,494 1,536 3,239 0 (2,041) (1,536) 
Jun 0 0 1,583 1,586 23,960 6,120 5,274 5,283 3,287 59 14,383 0 (3,287) (59) 
Jul 0 0 1,284 1,286 5,000 5,000 13,145 13,169 468 0 0 0 458 1,570 
Aug 0 0 1,169 1 '171 3,500 3,500 12,782 12,804 693 0 0 0 (502) 205 
Sep 0 0 1,353 1,355 3,000 3,000 11,687 11,708 598 0 0 0 (55) 728 

1990 
Oct 0 0 1,401 1,403 4,000 4,000 10,272 10,290 1,319 79 0 0 (1,098) (79) 
Nov 0 0 1,404 1,313 4,500 4,500 10,727 10,029 646 0 0 0 (274) 457 
Dec 0 0 1,381 1,383 4,500 4,500 11,014 11,034 636 0 0 0 (351) 719 
Jan 0 0 1,242 1,204 4,500 4,500 13,231 12,827 609 0 0 0 (88) 1 '114 
Feb 0 0 1,365 1,514 7,889 11,400 6,963 6,007 3,896 5,630 586 0 (3,896) (5,630) 
Mar 0 0 1,760 1,706 11,377 7,100 5,298 5,136 5,826 4,951 3,510 0 (5,826) (4,951) 
Apr 1,088 650 2,397 2,005 10,683 10,683 4,586 4,549 6,072 5,249 6 0 (6,072) (5,249) 
May 881 724 2,161 2,005 5,479 4,000 4,136 3,592 743 0 58 0 (134) 411 
Jun 0 0 1 '116 1 '118 5,805 4,000 4,165 4,173 1,178 0 1,167 0 (752) 806 
Jul 0 0 1;009 1,011 4,000 4,000 9,563 9,579 327 0 0 0 193 339 

Aug 2 0 1,034 1,001 3,000 3,500 9,799 9,499 7 0 0 0 1,672 1,737 
Sep 51 0 927 907 3,000 3,000 7,252 7,472 785 0 0 0 {381) - 475 
1991 
Oct 49 7 1,042 1,000 3,000 3,000 5,793 5,765 249 0 0 0 488 1,0161 
Nov 0 0 1,115 1,115 3,500 3,500 5,892 5,892 238 0 0 0 617 803. 
Dec 7 0 925 918 3,500 3,500 7,692 7,686 74 0 0 0 1,698 2,268. 
Jan 93 84 909 900 4,500 4,500 6,492 6,485 621 0 0 0 (472) 463 
Feb 152 142 909 900 7,889 7,100 4,115 4,111 1,786 2,384 2,018 634 (1,778) (2,384) 
Mar 19 0 1,797 1,779 7,100 7,100 10,385 10,379 1,123 0 0 0 (702) 727 
Apr 1,226 1,267 2,394 2,435 7,100 10,438 4,469 4,004 3,785 5,399 556 1,383 (3,785) (5,399) 
May 1,021 956 2,070 2,005 8,118 4,000 3,266 3,061 1,039 0 3,063 0 (998) 184 
Jun 332 332 900 900 7,817 4,000 3,550 3,550 435 0 3,144 0 (435) 873 
Jul 306 306 900 900 4,000 4,000 6,915 6,915 521 367 148 0 (296) (367) 

Aug 363 363 900 900 3,000 3,500 6,900 6,900 622 0 0 0 (244) 112 
Sep 326 326 900 900 3,000 3,000 7,200 7,199 232 0 0 0 909 1,638 

---



Table A4-2. Continued 

DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DaitySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 
CVP& CVP& Delta Delta Delta Delta Final Anal Anal Final Final Final 
SWP SWP Available Available Delta Delta Storage Storage Storage storage Total Total QWEST OW EST Delta Delta 

Water Export Export A ow A ow Storage Storage Diversion Diversion Export Export Export Export A ow A ow Outflcm Outftcm 
Year (cfs) (cfs) (cfs) (cfs) (TAF) (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1968 
Oct . 11,280 11,280 1,868 1,892 238 238 155 53 0 0 11,280 11,280 (1,093) (769) 6,997 7,451 
Nov 11,248 11,280 752 772 238 238 58 25 32 0 11,280 11,280 (5, 177) (4,957) 5,925 6,307 
Dec 11,514 11,499 2,192 2,232 238 238 13 13 0 0 11,514 11,499 (4,296) (4,875) 9,545 8,681 
Jan 11,706 11,852 4,486 I 4,374 238 238 15 15 0 0 11,706 11,852 (4,092) (3,878) 13,628 14,095 
Feb 8,834 11,776 6,933 6,935 232 238 1,576 30 1,642 0 10,476 11,776 2,695 305 43,444 41;957 
Mar 10,839 11,407 4,254 3,958 214 238 129 49 381 0 11,220 11,407 575 (606) 33,854 32,433 
Apr 2,184 2,000 0 0 24 (0) 0 0 3,117 3,924 5,301 5,924 1,925 2,057 13,048 13,210 
May 2,214 4,627 0 0 0 0 0 0 369 0 2,583 4,627 519 (2,064) 10,036 7,580 
Jun 2,571 2,000 0 0 0 0 0 0 0 0 2,571 2,000 1,608 2,117 5,649 6,113 
Jut 2,286 2,345 0 0 0 0 0 0 0 0 2,286 2,345 1,794 1,823 6,419 6,500 

Aug 6,030 7,414 0 0 0 0 0 0 0 0 6,030 7,414 (1 ,143) (1,608) 3,968 4,000 
Sep 8,447 9,165 0 0 0 0 0 0 0 0 8,447 9,165 (2,621) (2,866) 3,000 3,000 

1969 
Oct 7,399 7,767 0 0 0 0 0 0 0 0 7,399 7,767 (867) (1,085) 4,143 4,000 
Nov 9,643 10,042 0 0 0 0 0 0 0 0 9,643 10,042 (4,504) (5,841) 6,394 4,607 
Dec 10,992 11 ,311 6,111 6,319 209 238 3,407 3,871 0 0 10,992 11 ,311 (5,524) (8,070) 14,938 11,523 
Jan 13,164 12,700 35,893 38,865 238 238 486 15 0 0 13,164 12,700 23,080 23,850 116,656 117,761 
Feb 14,500 12,700 41,296 43,219 238 238 31 31 0 0 14,500 12,700 41,776 43,258 149,067 150,572 
Mar 12,632 11,700 21,224 22,216 238 238 49 49 0 0 12,632 11,700 31,449 32,164 83,968 84,700 
Apr 11,280 11,280 12,120 12,638 238 238 76 76 0 0 11,280 11,280 22,035 21,903 60,928 6o,m 
May 11,280 11,280 11,932 13,238 238 238 99 99 0 0 11,280 11,280 22,171 22,240 56,127 56,279 
Jun 11,231 11,280 7,160 7,141 235 238 110 118 49 0 11,280 11,280 22,946 24,658 37,425 37,317 
Jut 7,753 8,472 237 0 67 57 70 0 2,662 2,808 10,415 11,280 2,715 2,165 8,496 8,000 
Aug 11,126 11,280 2,055 2,564 177 208 2,055 2,564 154 0 11,280 11,280 (4,785) (4,909) 4,178 4,357 
Sep 11,280 11,280 4,992 5,018 238 238 1,110 593 0 0 11,280 11,280 (1 ,262) (445) 10,197 11,201 
1970 
Oct 11,280 11,280 3,198 3,224 238 238 53 53 0 0 11,280 11,280 1,241 1,104 10,043 9,840 
Nov 11,280 11,280 3,021 3,044 238 238 25 25 0 0 11,280 11,280 (3,605) (3,511) 9,641 9,816 
Dec 11,279 11,333 10,523 13,820 238 238 13 13 0 0 11,279 11,333 (401) (1,193) 35,603 34,689 
Jan 13,347 12,700 36,474 36,602 238 238 15 15 0 0 13,347 12,700 21,504 21,588 180,841 181,011 
Feb 13,881 12,700 21,220 26,306 238 238 31 31 0 0 13,881 12,700 10,331 11,275 99,304 100,311 
Mar 12,279 11,700 8,087 8,696 229 238 41 49 140 0 12,419 11,700 5,777 5,963 45,932 46,069 
Apr 2,542 5,554 0 0 14 159 0 0 3,539 1,254 6,081 6,808 1,907 (1 ,256) 13,060 9,868 
May 2,765 6,381 0 0 0 133 0 0 212 319 2,977 6,701 1,489 (2, 198) 11,902 8,229 
Jun 1,711 2,000 0 0 0 (0) 0 0 0 2,120 1,711 4,120 4,996 4,613 9,373 8,932 
Jut 2,321 2,493 0 0 0 0 0 0 0 0 2,321 2,493 2,992 2,910 8,030 8,000 
Aug 8,393 9,234 9 0 0 0 9 0 0 0 8,393 9,234 (2,511) (2,807) 4,000 4,000 
Sep 11,280 11,280 1,920 1,941 110 116 1,920 1,941 0 0 11,280 11,280 (5,171) (4,7~ 4,340 5,064 

~---



Table A4-2. Continued 

DailySOS DeltaSOS ~lySOS DeltaSOS DailySOS DeltaSOS DallysciS DeltaSOS DailySO~ DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 

CVP& CVP& Delta Delta Delta Delta Final Final Final Final Final Final 

SWP SWP Available Available Delta Delta Storage Storage Storage Storage Total Total OW EST OW EST Delta Delta 

Water Export Export A ow A ow Storage Storage Diversion Diversion Export Export Export Export A ow A ow OutfiCM' OutfiON 

Year (cfs) (cfs) (cfs) (cfs) (tAF) (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1971 
Oct 10,935 11,236 224 I 0 99 110 224 0 345 44 11,280 11,280 (2,890) (2,968) 4,724 4,655 
Nov 11,232 11,280 5,268 5,262 238 238 2,412 2,184 48 0 11,280 11,280 (5,203) (6,720) 14,413 12,030 
Dec 11,944 11,700 24,130 23,472 238 238 13 13 0 0 11,944 11,700 9,117 8,459 75,242 74,253 
Jan 12,597 12,600 17,790 18,318 238 238 15 15 0 0 12,597 12,600 2,775 3,303 53,396 54,357 
Feb 11,238 12,332 1,750 919 208 238 17 31 523 0 11,761 12,332 (590) (1,646) 26,053 25,093 
Mar 5,496 11 ,321 2,819 1,338 140 238 1,532 49 2,593 0 8,089 11,321 2,950 (2,134) 29,745 24,410 
Apr 8,054 8,380 3,295 1,841 228 238 1,683 76 133 0 8,187 8,380 (930) 45 31,648 32,549 
May 8,004 8,380 272 140 209 238 272 99 470 0 8,474 8,380 (1 ,647) (2,063) 22,642 22,143 
Jun 7,439 10,761 0 0 53 200 0 0 2,514 519 9,953 11,280 (836) (5,606) 19,474 16,107 
Jul 9,582 10,232 494 0 0 128 494 0 1,237 1,048 10,818 11,280 (2,888) (2,787) 8,000 8,000 

Aug 11,272 11,280 3,632 4,010 200 238 3,358 1,910 0 0 11,272 11,280 (8,133) (5,109) 4,939 7,224 
Sep 11,280 11,280 5,745 5,772 238 . 238 724 87 0 0 11,280 11,280 (4,994) (1,354) 11,460 12,828 

1972 
Oct 11,258 11,280 1,293 1,294 236 238 48 53 22 0 11,280 11,280 (1,742) (1 ,631) 6,336 6,515 
Nov 10,724 11,280 628 330 238 238 609 25 556 0 11,280 11,280 (6,898) (6,746) 5,360 5,618 
Dec 11,381 11,288 4,966 5,088 238 238 13 13 0 0 11,381 11,288 (3,376) (4,313) 14,895 13,439 
Jan 11,909 11,910 3,594 3,619 238 238 15 15 0 0 11,909 11,910 (5,066) (4,319) 10,979 12,160 
Feb 9,342 9,390 115 0 154 97 69 0 1,493 2,415 10,834 11,805 (1,935) (1,683) 16,242 17,227 
Mar 5,284 9,443 0 0 0 0 0 0 2,465 1,535 7,749 10,978 170 (3,891) 19,455 15,494 
Apr 3,039 3,373 0 0 0 0 0 0 0 0 3,039 3,373 892 150 10,749 9,848 
May 2,895 3,664 0 0 0 0 0 0 0 0 2,895 3,664 (451) (1,525) 8,587 7,580 
Jun 2,111 3,820 0 0 0 0 0 0 0 0 2,111 3,820 2,951 1,132 8,731 6,845 
Jul 4,689 4,753 0 0 0 0 0 0 0 0 4,689 4,753 111 137 6,419 6,500 
Aug 8,419 9,221 0 0 0 0 0 0 0 0 8,419 9,221 (3,021) (3,289) 3,968 4,000 
Sep 11,098 11,280 872 803 48 48 872 803 0 0 11,098 11,280 (4,011) (3,879) 4,443 4,721 

1973 
Oct 11,223 11,280 616 592 79 81 616 592 57 0 11,280 11,280 (2,645) (2,849) 5,804 5,520 
Nov 11 '1 06 11,280 5,944 5,869 238 238 2,866 2,665 174 0 11,280 11,280 (5,488) (6,981) 15,193 12,940 
Dec 11,327 11,306 7,917 8,791 238 238 13 13 0 0 11,327 11,306 (3,923) (3,531) 19,135 19,789 
Jan 12,219 12,222 24,220 25,720 238 238 15 15 0 0 12,219 12,222 10,063 10,705 92,365 93,682 
Feb 13,430 12,700 21,795 22,679 238 238 31 31 0 0 13,430 12,700 13,746 14,879 89,842 91,359 
Mar 12,128 11,700 14,465 14,941 238 238 49 49 0 0 12,128 11,700 9,650 8,767 66,019 64,635 
Apr 6,591 8,124 228 0 108 234 15 0 2,124 0 8,715 8,124 1,957 486 18,904 17,485 
May 5,157 7,206 0 0 0 227 0 0 1,686 0 6,842 7,206 567 (1,523) 12,913 10,844 
Jun 3,427 6,714 0 0 0 191 0 0 0 492 3,427 7,206 4,495 1,143 11,014 7,615 
Jul 4,138 4,283 0 0 0 3 0 0 0 2,923 4,138 7,206 1,562 1,504 8,000 8,000 

Aug 9,580 10,415 0 0 0 0 0 0 0 0 9,580 10,415 (3,321) (3,624) 4,000 4,000 
Sep 11,280 11,280 1,293 1,315 72 78 1,293 1,315 0 0 11,280 11,280 (4,608) (4,270) 4,206 4,754 

------



Table A4-2. Continued 

DallySOS DeltaSOS Dally 80S DeltaSOS DailySOS OeltaSOS DailySOS DeltaSOS DailySOE DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DellaSOS 
CVP& CVP& Delta Della Delta Delta Final Final Final Final Final Final 
SNP SWP Available Available Delta Della Storage Storage Storage Storage Total Tolal OW EST OW EST Delta Della 

Water Export Export Flow Flow Storage Storage Diversion Diversion Export El<pott Export Export Flow Flow Outflow Outflow 
Year (cfs) (cfs) (cfs) (cfs) (TAF) (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1974 
Oct 11,280 11,280 1,558 1,581 164 172 1,558 1,581 0 0 11,280 11,280 (2, 123) (2,854) 7,044 5,946 
Nov 11,280 11,280 13,402 15,485 238 238 1,261 1 '131 0 0 11,280 11,280 431 (645) 52,211 50,818 
Dec 11,625 11 ,491 20,362 1 20,694 238 238 13 13 0 0 11,625 11,491 5,349 5,681 68,029 68,615 
Jan 13,448 12,700 27,289 28,106 238 238 15 15 0 0 13,448 12,700 12,275 13,092 127,168 128,279 
Feb 12,561 12,564 10,004 10,140 238 238 31 31 0 0 12,561 12,564 1,880 1,754 52,007 51,952 
Mar 11,699 11,700 17,341 17,445 238 238 . 49 49 0 0 11,699 11,700 8,223 8,063 72,110 72,018 
Apr 9,861 9,950 13,779 13,820 236 238 35 76 0 0 9,861 9,950 10,289 9,438 103,826 102,847 
May 9,320 9,950 489 393 212 238 137 99 419 0 9,740 9,950 (399) (869) 23,162 22,786 
Jun 2,360 10,366 0 0 (0) 177 0 0 3,447 914 5,808 11,280 7,709 1,825 23,593 15,412 
Jul 9,102 11,280 1,367 641 28 208 1,354 641 801 0 9,903 11,280 (2,702) (3,473) 9,479 8,000 
Aug 11,280 11,280 5,640 5,677 238 238 3,525 603 0 0 11,280 11,280 (7,216) (2,368) 7,319 11,092 
Sep 11,280 11,280 7,354 7,384 238 238 87 87 0 0 11,280 11,280 (2,994) (4,756) -. 14,579 15,320 

1975 
Oct 11,280 11,280 4,585 4,607 238 238 53 53 0 0 11,280 11,280 527 650 11,683 11,892 
Nov 11,280 11,280 6,148 6,176 238 238 25 25 0 0 11,280 11,280 (3, 147) (3,144) 14,552 14,591 
Dec 11,555 11,589 8,392 8,416 238 238 13 13 0 0 11,555 11,589 (2,144) (2,695) 19,183 18,393 
Jan 12,123 12,125 3,173 3,203 238 238 15 15 0 0 12,123 12,125 (4,810) (4,334) 10,771 11,537 
Feb 12,846 12,700 12,251 8,421 238 238 64 31 34 0 12,879 12,700 5,794 4,465 51,077 49,090 
Mar 11,592 11,700 13,350 13,321 238 238 49 49 0 0 11,592 11,700 8,443 8,075 61,272 60,960 
Apr 9,861 9,950 2,934 1,534 236 238 35 76 0 0 9,861 9,950 1,717 1,266 30,880 30,322 
May 8,950 9,950 851 716 210 238 470 99 787 0 9,737 9,950 293 (235) 24,906 24,463 
Jun 4,544 10,781 0 0 0 201 0 0 3,412 499 7,956 11,280 6,906 3,071 22,386 16,052 
Jut 8,217 8,351 0 0 0 13 0 0 0 2,929 8,217 11,280 (747) (801) 8,000 8,000 
Aug 11,280 11,280 2,365 2,880 139 183 2,365 2,880 0 0 11,280 11,280 (5,235) (5,449) 4,755 4,728 
Sep 11,280 11,280 4,215 4,240 238 238 1,759 1,008 0 0 11,280 11,280 (2,900) (1,693) 8,067 9,541 
1976 
Oct 11,280 11,280 4,740 4,769 238 238 53 53 0 0 11,280 11,280 2,204 1,820 13,031 12,462 
Nov 11,280 11,280 6,308 6,337 238 238 25 25 0 0 11,280 11,280 (3,274) (3,121) 14,553 14,815 
Dec 11,593 11 ,518 7,695 7,805 238 238 13 13 0 0 11,593 11 ,518 (4,354) (3,651) 16,104 17,172 
Jan 11,172 11,980 779 142 204 238 8 15 551 0 11,723 11,980 (5,316) (5,524) 6,339 6,502 
Feb 6,108 3,647 0 0 3 6 0 0 3,463 4,000 9,571 7,647 (960) 1,180 9,040 11,400 
Mar 4,504 5,826 0 0 0 0 0 0 43 52 4,546 5,879 254 (1 ,672) 11,633 9,446 
Apr 3,838 2,551 0 0 0 0 0 0 0 0 3,838 2,551 179 622 9,911 9,967 
May 2,945 3,649 0 0 0 0 0 0 0 0 2,945 3,649 (868) (1 ,970) 6,462 5,393 
Jun 1,832 3,827 0 0 0 0 0 0 0 0 1,832 3,827 2,330 284 6,082 4,000 
Jut 4,329 4,436 0 0 0 0 0 0 0 0 4,329 4,436 (312) (325) 3,968 4,000 
Aug 7,995 8,297 0 0 0 0 0 0 0 0 7,995 8,297 (2,376) (2,285) 3,198 3,500 
Sep 8,237 9,074 0 

- ---
0 0 0 

-
0 0 0 0 8,237 9,074 (1 ,831) (2,455) 3,599 3,071 



( 

Table A4-2. Continued 

DailySOS Delta 60S Dally 60S DeltaSOS DailySOS Delta 60S DailySOS DeltaSOS DailySOE Delta$08 DallySOS DeltaSOS DailySOS OeltaSOS DailySOS DeltaSOS 
CVP& CVP& Delta Delta Delta Delta Final Final Final Final Final Final 
SWP SWP AvailablE! Available Delta Delta Storage Storage Storage Storage Total Total QWEST QWEST Delta Delta 

Water Export Export Flow A ow storage Storage Diversion Diversion Export Exp(Ji't Export Export A ow A ow OutflCM' OutlldN 
Year (cfs) (cfs) (cfs) (cfs) {TAF) {TAF) . (cfS) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) • 

1977 
Oct 4,617 5,039 0 0 0 0 0 0 0 0 4,617 5,039 273 59 3,468 3,000 
Nov 4,076 4,541 0 I 0 0 0 0 0 0 0 4,076 4,541 (1 ,464) (1,820) 3,638 3,500 
Dec 3,196 4,257 0 0 0 0 0 0 0 0 3,196 4,257 (1,161) (1,739) 3,654 3,500 
Jan 5,916 6,447 0 0 0 0 0 0 0 0 5,916 6,447 (2,037) (2,872) 5,391 4,500 
Feb 2,128 2,000 0 0 0 0 0 0 0 0 2,128 2,000 1,179 575 6,995 6,1521 
Mar 1,757 2,000 0 0 0 0 0 0 0 0 1,757 2,000 780 7 5,074 4,231 
Apr 1,040 1,177 0 0 0 0 0 0 0 0 1,040 1,177 74 (163) 3,269 3,228 
May 1,844 2,104 0 0 0 0 0 0 0 0 1,844 2,104 155 (758) 5,092 4,000 
Jun 557 558 0 0 0 0 0 0 0 0 557 558 1,105 1,081 2,590 2,509 
Jul 684 702 0 0 0 0 0 0 0 0 684 702 1,375 1,472 3,307 3,453 

Aug 1,259 1,390 0 0 0 0 0 0 0 0 1,259 1,390 862 1,294 2,703 3,422 
Sep 1,813 2,328 0 0 0 0 0 0 0 0 1,813 2,328 156 236 2,839 3,000 

1978 
Oct 675 629 0 0 0 0 0 0 0 0 675 629 (148) 206 2,108 2,647 
Nov 2,837 2,821 0 0 0 0 0 0 0 0 2,837 2,821 (560) (879) 3,789 3,500 
Dec 6,269 8,412 . 773 0 37 0 773 0 159 0 6,427 8,412 (2,341) (5,091) 7,298 3,923. 
Jan 11,324 11,632 18,796 20,575 238 238 3,513 3,871 237 0 11,560 11,632 2,507 1,704 61 '183 60,583 
Feb 12,820 12,700 9,589 9,636 238 238 207 31 179 0 12,998 12.(00 6,316 5,918 53,429 52,858 
Mar 12,187 11,700 17,972 19,361 238 238 51 49 0 0 12,187 11,700 13,069 12,828 79,262 78,858 
Apr 11,280 11,280 10,958 9,924 238 238 76 76 0 0 11,280 11,280 18,906 18,076 53,180 51,937 
May 10,910 11,280 6,783 4,935 222 238 86 99 246 0 11 '156 11,280 12,935 12,624 32,906 32,671 
Jun 3,485 7,170 0 0 0 (0) 0 0 3,614 3,882 7,099 11,052 8,250 4,502 13,154 9,359 
Jul 3,577 4,092 0 0 0 0 0 0 0 0 3,577 4,092 2,545 2,121 8,370 8,000 
Aug 10,031 11,071 203 0 12 0 203 0 0 0 10,031 11,071 (3,206) (3,505) 4,000 4,000 
Sap 11,280 11,280 2,801 2,824 173 168 2,801 2,824 0 0 11,280 11,280 (4,028) (3,690) 5,100 5,644 

1979 
Oct 10,199 10,822 306 0 122 137 306 0 1,081 458 11,280 11,280 (1,300) (1,280) 4,142 4,315 
Nov 10,066 10,686 167 0 59 100 167 0 1,214 594 11,280 11,280 (3,468) (4,440) 6,167 4,980 
Dec 9,968 10,636 7 0 2 55 7 0 912 722 10,880 11,359 (5,008) (5,313) 4,746 4,690 
Jan 12,241 12,610 7,662 7,440 215 238 3,501 2,998 34 0 12,275 12,610 (1 ,919) (2,811) 18,833 17,484 
Feb 11 '161 12,700 9,396 3,317 238 238 1,636 31 1,186 0 12,347 12,700 6,627 5,811 36,452 35,437 
Mar 11,978 11,700 2,591 2,895 238 238 232 49 183 0 12,161 11,700 5,416 5,271 30,230 29,827 
Apr 5,787 5,303 0 0 89 (0) 0 0 2,426 3,924 8,212 9,227 1,742 2,210 14,542 15,049 
May 6,564 7,530 0 0 0 0 0 0 1,364 0 7,928 7,530 (663) (1,586) 13,019 12,153 
Jun 2,436 2,000 0 0 0 0 0 0 0 0 2,436 2,000 4,502 4,870 9,102 9,420 
Jul 7,528 7,425 244 0 0 0 244 0 211 0 7,738 7,425 (829) (915) 6,806 6,500 

Aug 9,689 10,524 0 0 0 0 0 0 0 0 9,689 10,524 (3,012) (3,301) 4,000 4,000 
Sap 10,853 11,036 67 0 0 0 67 0 32 0 10,885 11,036 (3,353) (3,003) 3,253 ~.859 



Table A4-2. Continued 

DallySOS DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySO:: DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 
CVP& CVP& Delta Delta Delta Delta Final Final Final Final Final Final 
SWP SWP Available Available Delta Delta Storage Storage Storage StOrage Total Total QWEST OW EST Delta Delta 

Water Export Export Flow Flow StOrage Storage Diversion Diversion Export Export Export Export Flow Flow OutfiON Outflo.v 
Year (cfs) (cfs) (cfs) (cfs) ffAF) - (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1980 
Oct 9,988 10,441 175 0 8 0 175 0 41 0 10,029 10,441 (771) (1,288) 5,226 4,548 
Nov 10,476 11,280 1,066 557 62 33 1,066 557 135 0 10,612 11,280 (5,623) (6,336) 6,366 5,475 
Dec 10,870 11,304 3,984 4,530 148 238 1,791 3,345 383 0 11,254 11,304 (5,397) (7,825) 12,241 9,676 
Jan 13,624 12,700 33,654 I 34,926 238 238 1,477 15 0 0 13,624 12,700 18,119 19,911 109,445 111,200 
Feb 14,483 12,700 25,423 32,974 238 238 30 30 0 0 14,483 12,700 21,871 25,794 113,295 121,343 
Mar 12,528 11,700 23,621 24,513 238 238 50 49 0 0 12,528 11,700 26,434 26,969 90,952 91,507 
Apr 9,349 10,773 1,077 437 190 238 33 76 756 0 10,105 10,773 6,293 4,476 24,627 22,643 
May 3,149 9,672 0 0 0 232 0 0 3,001 0 6,150 9,672 10,480 3,762 22,318 15,720 
Jun 7,600 8,616 64 0 4 66 64 0 0 2,664 7,600 11,280 4,462 3,478 13,071 12,049 
Jul 9,573 9,771 520 0 0 (0) 520 0 517 949 10,090 10,720 (636) (449) 7,871 8,000 
Aug 9,359 10,163 0 0 0 0 0 0 0 0 9,359 10,163 (2,501) (2,762) 3,968 4,000 
Sap 11,280 11,280 1,861 1,882 106 112 1,861 1,882 0 0 11,280 11,280 (3,262) (2,817) 4,288 4,995 
1981 
Oct 9,355 10,332 374 0 29 50 374 0 1,564 948 10,919 11,280 (768) (836) 4,159 4,000 
Nov 8,496 9,190 0 0 0 0 0 0 486 823 8,983 10,012 (3,172) (3,469) 4,500 4,500 
Dec 10,862 11,382 1,777 1,587 99 98 1,666 1,587 47 0 10,909 11,382 (6,490) (7,025) 6,626 6,089 
Jan 10,300 11,955 4,552 3,208 143 238 1,673 2,298 945 0 11,245 11,955 (2,467) (6,375) 14,545 9,883 
Feb 9,425 9,880 2,065 0 142 128 1,288 0 1,263 1,951 10,688 11,832 (3,069) (2,509) 17,646 18,133 
Mar 7,969 10,250 1,281 0 101 53 1,281 0 1,905 1,162 9,873 11,412 924 (1,201) 22,046 19,387 
Apr 2,962 5,962 0 0 0 0 0 0 1,646 823 4,608 6,785 3,074 (587) 16,724 12,777 
May 2,900 5,307 0 0 0 0 0 0 0 0 2,900 5,307 618 (1,789) 10,569 8,220 
Jun 1,951 2,000 0 0 0 0 0 0 0 0 1,951 2,000 2,868 2,758 6,507 6,336 
Jul 7,183 7,330 0 0 0 0 0 0 0 0 7,183 7,330 (1 ,550) (1,589) 5,000 5,000 
Aug 8,833 9,666 0 0 0 0 0 0 0 0 8,833 9,666 (2,922) (3,217) 3,500 3,500 
S~p_ 8,340 9,176 0 0 0 0 0 0 0 0 8,340 9,176 (2,373) (2,662 3,000 3,000 

1982 
Oct 6,236 6,379 0 0 0 0 0 0 0 0 6,236 6,379 166 (81) 4,759 4,000 
Nov 8,889 11,280 8,500 11,668 201 238 3,391 4,000 0 0 8,889 11,280 (3,185) (7,332) 28,310 23,904 
Dec 11,215 11,195 18,459 18,819 238 238 615 13 0 0 11 ,215 11,195 2,844 3,806 79,855 81,253 
Jan 12,163 12,166 28,193 27,914 238 238 15 15 0 0 12,163 12,166 13,178 12,899 90,670 90,454 
Feb 13,074 12,700 19,762 22,554 238 238 31 31 0 0 13,074 12,700 11,866 11,549 89,090 88,671 
Mar 12,376 11,700 17,846 18,576 238 238 49 49 0 0 12,376 11,700 18,353 18,169 78,106 77,597 
Apr 11,280 11,280 29,165 26,399 238 238 76 76 0 0 11,280 11,280 36,677 35,020 140,448 138,103 
May 11,280 11,280 9,761 9,687 238 238 99 99 0 0 11,280 11,280 17,373 17,532 52,416 52,736 
Jun 10,025 11,280 1,523 1,356 185 238 67 118 839 0 10,864 11,280 3,924 524 22,256 20,832 
Jul 5,183 11,280 45 1,446 23 238 45 130 2,544 0 7,727 11,280 7,232 1,007 15,559 9,316 
Aug 11,280 11,280 5,105 5,207 238 238 3,605 115 0 0 11,280 11,280 (4,135) (106) 6,526 10,865 
Sep 11,280 11,280 9,363 ._9,396 238 238_ L__ 

87 87 0 0 11,280 11,280 2,745 4,300 19,751 19,088 
- ---



Table A4-2. Continued 

DallySOS DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS Delta 80S DailySO~ DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS Delta SO$ 
CVP& CVP& Delta Delta Delta Delta Final Final Final Final Final Finai 
SWP SWP Available Available Delta Delta Storage Storage Storage Storage Total Total QWEST QWEST Delta Delta 

Water Export Export Flow Flow Storage Storage Diversion Diversion Export Export Export Export Flow Flow Outflo.v OutflON 
Year (cfs) (cfs) (cfs) (cfs) (TAF) (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1983 
Oct 11,280 11,280 7,451 7,485 238 238 53 53 0 0 11,280 11,280 6,090 5,930 16,845 16,595 
Nov 11,280 11,280 15,833 I 16,564 238 238 25 25 0 0 11,280 11,280 6,294 5,236 33,839 32,293 
Dec 12,865 11,700 36,709 38,332 238 238 13 13 0 0 12,865 11,700 22,808 23,319 84,405 84,774 
Jan 14,500 12,700 34,120 40,509 238 238 15 15 0 0 14,500 12,700 22,705 25,495 85,300 88,871 
Feb 14,500 12,700 49,500 51,478 238 238 31 31 0 0 14,500 12,700 43,109 45,278 171,404 174,013: 
Mar 12,632 11,700 69,352 76,371 238 238 49 49 0 0 12,632 11,700 60,891 61,323 259,302 259,8151 
Apr 11,280 11,280 31,280 28,321 238 238 76 76 0 0 11,280 11,280 41,525 41,433 110,559 110,539 
May 11,280 11,280 21,456 22,696 238 238 99 99 0 0 11,280 11,280 34,830 34,186 90,586 89,714 
Jun 11,280 11,280 16,648 16,693 238 238 118 118 0 0 11,280 11,280 24,007 23,990 64,550 64,587 
Jul 11,280 11,280 23,442 23,503 238 238 130 130 0 0 11,280 11,280 13,754 13,354 37,563 37,774 
Aug 11,280 11,280 11,823 11,864 238 238 115 115 0 0 11,280 11,280 5,014 1,468 20,248 21,148 
Sep 11,280 11,280 13,123 13,162 238 238 87 87 0 0 11,280 11,280 7,821 10,048 24,209 24,508 

1984 
Oct 11,280 11,280 12,218 12,260 238 238 53 53 0 0 11,280 11,280 9,705 11,394 23,364 23,519 
Nov 11,280 11,280 26,510 28,194 238 238 25 25 0 0 11,280 11,280 16,084 13,168 64,507 60,354 
Dec 12,865 11,700 43,372 44,550 238 238 13 13 0 0 12,865 11,700 28,359 29,537 144,647 146,076 
Jan 14,500 12,700 38,434 41,227 238 238 15 15 0 0 14,500 12,700 23,765 26,213 88,080 91,048 
Feb 13,767 12,700 2,624 4,306 238 238 30 30 0 0 13,767 12,700 4,997 6,506 33,442 35,957 
Mar 11,813 11,700 2,939 3,078 238 238 50 49 0 0 11,813 11,700 2,843 2,815 29,995 29,932 
Apr 4,132 2,604 140 0 65 (0) 8 0 2,836 3,924 6,968 6,528 3,908 5,349 18,184 19,623 
May 5,331 6,921 0 0 0 0 0 0 989 0 6,321 6,921 374 (1,377) 11,672 10,074 
Jun 2,439 4,378 0 0 0 0 0 0 0 0 2,439 4,378 5,069 3,076 11,619 9,599 
Jul 11,019 11,280 636 412 35 25 636 412 0 0 11 ,019 11,280 (3,329) (3,284) 7,878 8,000 
Aug 11,273 11,280 2,270 2,762 167 188 2,270 2,762 7 0 11,280 11,280 (5,229) (5,185) 4,053 4,406 
Sep 11,280 11,280 2,609 2,631 238 238 1,279 926 0 0 11,280 11,280 (2,601) (2,044' 6,429 7,099 

1985 
Oct 11,034 11,280 659 478 222 238 36 53 246 0 11,280 11,280 (134) (636) 6,292 5,651 
Nov 11,243 11,280 8,701 9,435 238 238 334 25 37 0 11,280 11,280 (1,660) (2,589) 22,257 20,769 
Dec 11,835 11,693 12,722 14,180 238 238 13 13 0 0 11,835 11,693 (608) (366) 27,605 27,955 
Jan 12,145 12,226 1,639 1,697 238 238 11 15 0 0 12,145 12,226 (4,595) (4,114) 8,735 9,555 
Feb 6,781 7,953 154 0 68 14 154 0 3,189 3,999 9,970 11,952 1,136 (120) 16,196 14,858 
Mar 2,724 6,314 0 0 0 (0) 0 0 1,077 182 3,801 6,496 4,654 703 16,269 12,175 
Apr 3,498 5,207 0 0 0 0 0 0 0 0 3,498 5,207 1,564 (120) 10,659 9,054 
May 4,842 4,694 0 0 0 0 0 0 0 0 4,842 4,694 (1,028) (896) 8,594 8,776 
Jun 4,769 4,913 0 0 0 0 0 0 0 0 4,769 4,913 1,407 1,131 6,815 6,454 
Jul 9,221 9,370 0 0 0 0 0 0 0 0 9,221 9,370 (2,049) (2,109) 5,000 5,000 
Aug 8,769 9,602 0 0 0 0 0 0 0 0 8,769 9,602 (1,913) (2,203) 3,500 3,500 
Sep 8,517 9,344 34 0 0 0 34 0 24 0 8,541 9,~44 ... (1,823)_{2,183) 3,230 3,064 



Table A4-2. Continued 

DallySOS DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS DailySOl: DeltaSOS DallySOS DeltaSOS DailySOS DeltaSOS DailySOS DeltaSOS 
CVP& CVP& Delta Delta Delta Della Final Final Final Final Final Final 
SWP SWP Available Available Della Delta Storage Storage Storage Storage Total Total OW EST QWEST Delta Delta 

Water Export Export A ow A ow storage Storage Diversion Diversion Export Export Export Export A ow Flow Outflcm OutfloN 

Year (c~) (cfs) (cfs) (cfs) (TAF) (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1986 
Oct 6,316 6,616 0 0 0 0 0 0 0 0 6,316 6,616 299 119 4,571 4,000 
Nov 6,880 7,574 121 0 7 0 121 0 0 0 6,880 7,574 (1,291) (3,233) 7,081 4,500 
Dec 8,841 11,256 2,542 I 1,176 37 72 2,161 1,176 1,655 0 10,496 11,256 (4,904) (6,568) 8,159 6,435 
Jan 11,047 11,561 3,871 3,622 187 238 2,770 2,709 321 0 11,368 11,561 (6,342) (6,458) 10,332 10,456 
Feb 12,986 12,700 37,340 40,386 238 238 946 31 0 0 12,986 12,700 25,153 25,355 201.254 201,374 
Mar 12,632 11,700 41,693 47,414 238 238 49 49 0 0 12,632 11,700 35,933 35,954 159,013 158,808 
Apr 11,277 11,280 7,928 6,274 238 238 73 76 0 0 11,277 11,280 16,097 15,517 38,462 37,636 
May 2,951 8,250 0 0 17 232 0 0 3,499 0 6,450 8,250 9,065 3,795 18,200 13,002 I 

Jun 2,500 6,711 0 0 0 0 0 0 263 3,780 2,763 10,491 8,357 4,117 12,745 8,439 I 

Jul 7,840 7,971 0 0 0 0 0 0 0 0 7,840 7,971 281 226 8,000 8,000 
Aug 10,803 11,280 119 480 1 30 119 480 54 0 10,857 11,280 (2,619) (2,915) 4,000 4,000 
Sep 11,280 11,280 3,684 3,708 193 238 3,313 3,591 0 0 11,280 11,280 (3,040) (3,219\ 6,506 6,351 
1987 
Oct 10,983 11,280 1,996 1,781 218 238 767 53 297 0 11,280 11,280 (1,272) (478) 6,299 7,215 
Nov 9,932 10,601 0 0 137 196 0 0 1,348 679 11,280 11,280 (4,744) (4,939) 4,500 4,622 
Dec 10,820 11,334 184 0 135 184 184 0 206 177 11,026 11,511 (4,736) (4,891) 5,074 5,071 
Jan 9,750 10,409 318 0 71 108 318 0 1,340 1,233 11,091 11,642 (3,751) (4,703) 6,895 5,678 
Feb 7,736 9,084 575 0 2 0 575 0 1,792 1,909 9,527 10,992 83 (2,619) 15,309 11,630 
Mar 7,957 9,229 530 0 0 0 530 0 526 0 8,484 9,229 1,386 (617) 19,970 17,357 
Apr 3,817 3,089 0 0 0 0 0 0 0 0 3,817 3,089 908 1,737 9,362 10,317 
May 1,577 2,334 0 0 0 0 0 0 0 0 1,577 2,334 1,846 909 8,509 7,580 
Jun 1,583 2,000 0 0 0 0 0 0 0 0 1,583 2,000 3,677 3,194 6,921 6,3821 
Jul 7,614 7,760 0 0 0 0 0 0 0 0 7,614 7,760 (1,448) (1.506) 5,000 5,000 
Aug 8,972 9,805 0 0 0 0 0 0 0 0 8,972 9,805 (2,640) (2,934) 3,500 3,500 
Sep 7,661 8,378 0 0 0 0 0 0 0 0 7,661 8,378 (1,602) (1,847) 3,000 3,000 

1988 
Oct 5,487 5,647 0 0 0 0 0 0 0 0 5,487 5,647 (184) 126 4,018 4,000 
Nov 4,598 4,443 0 0 0 0 0 0 0 0 4,598 4,443 (793) (1,153) 4,988 4,500 
Dec 9,742 11,098 1,359 103 33 6 1,359 103 816 0 10,558 11,098 (5,766) (6,848) 7,193 5,640 
Jan 11,278 11,370 6,510 7,375 238 238 3,402 3,783 48 0 11,326 11,370 (7,713) (7,997) 15,217 15,105 
Feb 4,194 2,481 0 0 20 6 0 0 3,760 4,000 7,954 6,481 (375) 1,672 8,770 11,400 
Mar 1,955 4,867 0 0 0 0 0 0 317 52 2,272 4,919 2,571 (367) 10,915 8,046 
Apr 4,081 4,783 0 0 0 0 0 0 0 0 4,081 4,783 2,028 26 15,833 13,170 
May 3,676 3,678 0 0 0 0 0 0 0 0 3,676 3,678 (348) (563) 7,201 7,116 
Jun 2,281 4,396 0 0 0 0 0 0 0 0 2,281 4,396 2,984 846 6,676 4,472 
Jul 7,749 7,879 0 0 0 0 0 0 0 0 7,749 7,879 (2,131) (2,154) 3,968 4,000 
Aug 8,070 8,417 0 0 0 0 0 0 0 0 8,070 8,417 (2,348) (2,130) 3,000 3,500 
Sep 7,312 8,048 0 Q_ 

-
0 _Q_ 

- ~ 

0 0 0 0 7.~g_ 8,0~~ (1,54Q}_ (1,795) ~.ooo 3,000 
--
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Table A4-2. Continued 

DailySOS DeltaSOS DailySOS DeltaSOS PailySOS DeltaSOS DailySOS OeltaSOS DailySOS DeltaSOS Daily SO$ DeltaSOS Daily$0$ DeltaSOS DailySOS OeltaSOS 
CVP& CVP&. Delta Delta Delta Delta Anal Anal Final Anal Anal Final 
SWP SWP Available Available Delta Delta Storage Storage Storage Storage Total Total QWEST OW EST Delta Delta 

Water Export Export Flow A ow . StoraQe·· Storage Diversion Diversion Export Export Export Export A ow Flow Outflo.v Outflow 
Yeat (cfs) (cfs) (cfs) (cfs) {TAF) (TAF) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

1989 
Oct 5,628 5,961 0 0 0 0 0 0 0 0 5,628 5,961 (727) (593) 3,023 3,000 
Nov 6,454 8,294 712 I 0 36 0 712 0 105 0 6,559 8,294 (3,235) (4,895) 5,418 3,578 
Dec 7,758 9,042 300 0 13 0 300 0 666 0 8,424 9,042 (3,552) (5,332) 6,216 4,082 
Jan 7,463 9,270 70 0 0 0 70 0 277 0 7,739 9,270 (3,646) (5,029) 6,174 5,047 
Feb 4,792 2,000 0 0 0 0 0 0 0 0 4,792 2,000 41 2,054 9,701 11,367 
Mar 10,160 11,225 6,108 5,357 228 238 3,745 3,871 0 0 10,160 11,225 (2,242) (4,655) 35,256 32,359 
Apr 6,379 5,856 381 0 188 (0) 176 0 773 3,924 7,152 9,780 (1 ,201) (543) 15,605 16,304 
May 3,973 4,490 0 0 56 0 0 0 2,045 0 6,019 4,490 (360) (999) 9,632 8,988 
Jun 1,756 4,994 0 0 0 0 0 0 904 0 2,661 4,994 4,223 790 9,673 6,120 
Jul 9,710 10,838 976 0 57 0 976 0 0 0 9,710 10,838 (4,106) (4,159) 5,000 5,000 

Aug 10,554 11,280 1,547 1,524 100 94 1,547 1,524 726 0 11,280 11,280 (5,343) (5,489) 3,649 3,793 
Sep 10,480 11,280 948 428 116 114 948 428 590 0 11,069 11,280 (3,003) (3,477) 5,686 5,083 
1990 
Oct 9,253 10,290 415 0 36 50 415 0 1,670 990 10,923 11,280 (1 ,649) (2,658) 5,599 4,326 
Nov 9,951 10,016 164 0 8 0 164 0 625 813 10,576 10,829 (5,913) (6, 138) 5,601 4,500 
Dec 9,946 11,034 251 0 3 0 251 0 327 0 10,273 11,034 (7,002) (7,099) 4,500 4,845 
Jan 10,396 11,277 2,693 1,550 91 95 2,171 1,550 720 0 11,115 11,277 (7,511) (7,696) 7,845 7,294 
Feb 6,510 5,910 0 0 0 (0) 0 0 1,619 1,685 8,129 7,595 (750) (868) 10,734 11,400 
Mar 4,579 5,136 0 0 0 0 0 0 0 0 4,579 5,136 40 (744) 9,806 8,664 
Apr 3,393 4,549 0 0 0 0 0 0 0 0 3,393 4,549 465 (845) 12,164 11,205 
May 3,040 3,592 0 0 0 0 0 0 0 0 3,040 3,592 484 (401) 8,032 7,082 
Jun 2,525 4,089 0 0 0 0 0 0 0 0 2,525 4,089 2,074 468 5,820 4,000 
Jul 6,200 6,357 0 0 0 0 0 0 0 0 6,200 6,357 (1,296) (1,343) 4,000 4,000 
Aug 8,119 7,986 0 0 0 0 0 0 0 0 8,119 7,986 (2,710) (2,195) 3,000 3,500 
Sep 5,311 6,367 0 0 0 0 0 0 0 0 5,311 6,367 (694) (1 ,056\ 3,000 3,000 
1991 
Oct 3,852 4,380 0 0 0 0 0 0 0 0 3,852 4,380 174 149 3,000 3,000 
Nov 4,325 4,512 0 0 0 0 0 0 0 0 4,325 4,512 (1 ,284) (1 ,730) 3,929 3,500 
Dec 6,755 7,325 0 0 0 0 0 0 0 0 6,755 7,325 (3,415) (4,448) 4,706 3,500 
Jan 4,294 5,229 0 0 0 0 0 0 0 0 4,294 5,229 (1,723) (2, 127) 4,500 4,500 
Feb 2,606 2,000 0 0 0 0 0 0 0 0 2,606 2,000 2,397 722 9,222 6,466 
Mar 8,951 10,379 1,434 0 70 0 1,406 0 241 0 9,191 10,379 218 (2,357) 23,995 20,100 
Apr 3,614 2,000 0 0 0 0 0 0 1,143 0 4,757 2,000 (165) 1,267 7,623 9,055 
May 1,558 2,740 0 0 0 0 0 0 0 0 1,558 2,740 723 (490) 5,055 4,000 
Jun 1,335 2,643 0 0 0 0 0 0 0 0 1,335 2,643 2,085 1,215 4,673 4,000 
Jul 2,106 2,034 0 0 0 0 0 0 0 0 2,106 2,034 1,130 1,268 3,852 4,000 

Aug 3,406 3,762 0 0 0 0 0 0 0 0 3,406 3,762 105 314 3,000 3,500 
Sep 4,983 5,712 0 0 0 0 0 0 0 0 - 4,~8~ 5,712 (546) (793) 3,000 3,000 

Note: Negative values shown in parentheses. 
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Figure A4-1. 

Monthly Range of Daily Sacramento River Flow 
at Freeport for 1967-1991 
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Figure A4-2. 

Monthly Range of Daily San Joaquin River Flow 
at Vernalis for 1967-1991 
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Figure A4-3. 

Monthly Range of Daily Yolo Bypass Flows 
for 1967-1991 
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Figure A4-4. 
Monthly Range of Daily QWEST Flows 
for 1967-1991 
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Figure A4-5. 
Monthly Range of Daily Delta Outflow 
for 1967-1991 
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Figure A4-6. 
Monthly Range of Daily Total Delta Exports 
for 1967-1991 
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Appendix Bl. Hydrodynamic Modeling Methods and 
Results for the Delta Wetlands Project 

SUMMARY 

This appendix describes the methods and results of modeling Delta hydrodynamic impacts of the Delta Wetlands 
(DW) project using the hydrodynamic module of the Resource Management Associates (RMA) Delta model. The RMA 
Delta model was used to estimate net Delta channel flows and inflow source contributions over a wide range of monthly 
Delta inflows, exports, and outflows to determine hydrodynamic changes that could be caused by diversions to and 
discharges from the DW project islands under DW project operations. 

The appendix describes model calibration performed using tidal stage data and provides simulation results showing 
Delta tidal hydraulic patterns; relationships between inflows, exports, and assumed Delta channel gate operations; 
divisions of flow between several important Delta channels; and inflow source contributions at export and outflow 
locations. These hydrodynamic relationships were incorporated into the Delta Standards and Operations Simulation 
(De/taSOS) and Delta Drainage Water Quality (DeltaDWQ) assessment models for impact assessment of the DW project 
alternatives. 

The discussion describes the relationship between DW project operations and several hydrodynamic variables and 
identifies those variables that could be affected by DW project operations: Delta and local net channel flows and inflow 
source contributions. Results of simulations to determine effects of DW operations on net channel flows and source 
contributions are presented for each DW project alternative and the No-Project Alternative. 

INTRODUCTION 

Background 

Analysis of Delta water resource impacts of the DW 
project is based on hydrodynamic modeling performed by 
RMA using its link-node hydrodynamic model of the 
Delta. RMA performed the modeling under the direction 
of the lead agencies and provided results to Jones & 
Stokes Associates (JSA) fqr use in conducting impact 
analyses for hydrodynamics, water quality, and fisheries, 
which are discussed in Chapters 3B, 3C, and 3F, respec­
tively, of this environmental impact report/environmental 
impact statement (EIRIEIS). The RMA Delta model, 
developed jointly with California Department of Water 
Resources (DWR), represents the hydrodynamic re­
sponses of the Delta to different hydrologic and opera-
tional conditions. · 

Previous hydrodynamic modeling performed by 
RMA was used by JSA in preparing the 1990 draft 
EIRIEIS on the DW project. That previous modeling 
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focused on 5 study years (1964, 1972, 1975, 1976, and 
1978), representing each of the hydrologic year types 
classified under D-1485 criteria. A detailed description 
of the RMA model and its use for the 1990 draft EIRIEIS 
is provided in Smith and Durbin (1989) and summarized 
in this appendix. 

For preparation of this revised draft EIRJEIS on the 
DW project, RMA performed new hydrodynamic model­
ing ofDelta conditions based on monthly average histori­
cal Delta hydrology for the 25-year period of water years 
1967-1991. Appendix AI, "Delta Monthly Water 
Budgets for Operations Modeling of the Delta Wetlands 
Project", describes the historical hydrologic inputs for the 
RMAmodel. 

Purpose of This Appendix 

The general goal of the hydrodynamic modeling 
described in this appendix was to simulate Delta net 
channel flows and inflow source contributions over a 
wide range of historical monthly Delta inflows, exports, 
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and outflows to determine hydrodynamic changes that 
would be caused by additional diversions to and dis­
charges from the DW project islands. 

Following are the major sections of this appendix 
and the purpose of each: 

• "RMA Delta Hydrodynamic Model Formula­
tion" describes the hydrodynamic modeling 
methodology used by RMA. 

• "RMA Delta Model Tidal Flow Calibration" 
discusses the calibration of the RMA Delta 
hydraulic simulations with available Delta tide 
gage records. 

• "Simulated Delta Tidal Hydraulic Patterns" 
describes typical Delta tidal hydrodynamics, 
which are the computational basis for simula­
ting and evaluating hydrodynamic effects of the 
DWproject. 

• "Simulations of Monthly Average Net Delta 
Channel Flows Using Historical Delta Inflows 
and Exports" presents results of simulations of 
historical Delta net channel flows. 

• "Variables for Measuring Hydrodynamic Ef­
fects of DW Operations" defines the hydro­
dynamic relationships used by JSA to describe 
hydrodynamic effects of the DW project. 

• "Maximum Hydrodynamic Effects on Local 
Channel Flows, Velocities, and Stages" and 
"Simulated Effects ofDW Operations on Delta 
Channel Flows and Source Contributions" pre­
sent detailed results of the hydrodynamic impact 
assessment of the DW project alternatives. 

RMA DELTA HYDRODYNAMIC 
MODEL FORMULATION 

The RMA Delta model represents the Delta as a 
network of nodes (volmne elements) and links (channels). 
Nodes are discrete volume units characterized by surface 
area, depth, side slope, and volume as a function of water 
depth (stage). A node generally represents half the vol­
mne of the channels to which it is connected, so the chan­
nel volume is represented in the two nodes connected to 
the channel. The channels (links) connecting the nodes 
are each characterized by length, cross-sectional area, 
hydraulic radius (related to depth), and friction factor 
(Manning's "n" value) as a function of water depth. 
Water is modeled to flow from one node to another 
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through one or more links representing the significant 
channels between nodes. The RMA Delta model is 
formulated with approximately 375 nodes and 465links 
(Figure Bl-1). 

The RMA Delta model combines a link-node 
hydrodynamic module and a mass-balance water quality 
module. The hydrodynamic module is a branched one­
dimensional formulation, which simulates average flow 
and velocity in each channel (model link) and average 
stage (water surface elevation) at each volume element 
(model node). Tidal flows simulated with the hydro­
dynamic module are used to estimate net channel flows 
and tidal mixing between model nodes, both of which are 
used to simulate mixed concentrations of water quality 
variables at model nodes in the mass-balance water 
quality module. The water quality module is described in 
Appendix B2, "Salt Transport Modeling Methods and 
Results for the Delta Wetlands Project". 

The RMA hydrodynamic module operates on a 1.5-
minute time step and estimates stages, flows, and velo­
cities in the Delta channels for a repeating average tide. 
The primary inputs to the RMA hydrodynamic model are 
Delta inflows, exports, Delta channel diversions and 
drainage discharges, and the repeating average tidal 
boundary conditions at the downstream end of Suisun 
Bay near Benicia. Delta agricultural diversions and 
drainage discharges are treated as sinks or sources at 
appropriate nodes. 

Time Step of Inputs and 
Calculations 

Impact assessments ofDW operations are based on 
DWRSIM simulations of monthly average SWP and CVP 
reservoir operations and Delta exports, which are used in 
the DeltaSOS assessment model. The RMA simulations 
of monthly average flows were used to provide an accur­
ate characterization of hydrodynamic conditions (tidal and 
net channel flows) for a full range of possible Delta 
inflows and exports. 

The RMA model was used to simulate 1967-1991 
historical Delta conditions using monthly average inflows 
and exports. All historical hydrologic data and simula­
tions use water years (October-September). The range of 
hydrologic conditions that occurred during this 25-year 
period is similar to the full range of conditions repre­
sented by the 1922-1991 hydrologic record. The histori­
cal Delta inflows and exports for 1967-1991 are similar 
to those that would be expected under the No-Project 
Alternative because most of the existing SWP and CVP 
facilities and reservoirs and diversion facilities on Delta 
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tributaries were operational during this period (conditions 
for the No-Project Alternative differ from historical 
conditions because the No-Project Alternative would 
operate Wider 1995 WQCP requirements and export 
demands). 

Monthly Delta inflows and exports and estimates of 
agricultural diversions and drainage were derived from 
DA YFLOW, as described in Appendix AI. Daily varia­
tions in river inflows, Delta exports, or Delta Cross 
Channel (DCC) gate operations for flood control or 
fishery management are not simulated in monthly simu­
lations. Although hydrologic conditions can be specified 
and used in the RMA model at a daily time step, monthly 
simulations are considered adequate for impact assess­
ment of the DW project because year-to-year and sea­
sonal changes in Delta hydrology and potential DW 
operations are adequately represented by monthly simu­
lations (see Appendix A4, "Possible Effects of Daily 
Delta Conditions on Delta Wetlands Project Operations 
and Impact Assessments"). 

The tidal boWldaty condition used in the RMA · 
model is the 19-year average tidal pattern measured at 
Benicia, typically used in Delta hydrodynamic studies. 
Long-term average tide data were used in place of actual 
tide data for all RMA simulations of operations of the 
DW project alternatives (Smith and Durbin 1989). An 
extreme tide was used for simulating maximum DW 
diversions and maximum DW discharge conditions (see 
"Maximum Hydrodynamic Effects on Local Channel 
Flows, Velocities, and Stages", below). Although aver­
aging tide measurements smooths the differences between 
extreme tides throughout the year, it is justified because 
the hydrologic inputs are monthly averages. The hydro­
dynamic model repeats this average tide for each set of 
monthly inputs. Because the tidal cycle is 25 hours long, 
net channel flows are averages for the 25-hour tidal 
period in units of cubic feet per second (cfs). Figure BI-
2 illustrates typical variations in tidal fluctuations at 
Antioch during a half lWlar cycle of 14 days. 

The RMA model calculations of tidal hydraulics 
were made at a 1.5-minute time step (tidal hydraulics 
simulated for the average Beilicia tide are described in a 
later section of this appendix). Hydrodynamic results are 
summarized as average ebb tide flows, average flood tide 
flows, and net (positive or negative) channel flows for 
each set of hydrologic inputs (net flow= ebb tide flow­
flood tide flow). The sign convention of the RMA link­
node model is based on the assumption that positive flow 
is from a lower number node to a higher number node. 
Most node numbers increase from upstream to down­
stream so that positive channel flows correspond to river 
flow and ebb tide flow. Flood tide flows for these nodes 
are negative. Positive and negative flows are added and 
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the result is divided by the approximately 25-hour tidal 
period to give the average net channel flow for each 
model link. Because the hydrologic inputs to the RMA 
model for the DW impact assessment were monthly 
averages, the model outputs for net channel flows are also 
monthly averages. 

Hydrologic Inputs 

The RMA hydrodynamic model inputs are specified 
in a hydrologic input file with monthly values for water 
years 1967 to 1991 for each required input variable. 
Values for river inflows, Delta exports, and combined 
DW project diversions and discharges were obtained 
from DeltaSOS model results for each DW project simu­
lation case. The RMA input file spreadsheet disaggre­
gates the total DW project diversions and discharges into 
monthly average flows for each of the four DW project 
islands. Agricultural diversions and drainage flow esti­
mates for Delta uplands and Delta lowlands, as well as 
channel evaporation estimates, were obtained from re­
sults of simulations using the DeltaDWQ model (de­
scribed in Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Model"). 

The RMA Delta model allocates Delta inflows, 
exports, agricultural diversions and drainage flows, and 
proposed DW project diversions and discharges to the 
appropriate model nodes. The total drainage and diver­
sion volume for the Delta is allocated among the Delta 
islands in proportion to each island's acreage as a per­
centage of total Delta acreage. The total drainage and 
diversion volume for an individual island is also allocated 
between the nodes surrom1ding the island in proportion 
to the relative sizes of siphons and pumps at each node. 
RMA has further divided the drainage and diversion 
fractions to correspond to Delta uplands and lowlands. 
DeltaDWQ produces separate estimates for water budget 
terms for these two regions of the Delta (see Figure C4-
12 in Appendix C4). 

Simulated Delta Facilities 

The simulation results produced by the RMA Delta 
model depend on assumed Delta channel configurations 
and geometry, the DCC gate operation pattern, and the 
tidal operation pattern of the Clifton Court intake and the 
SuisWl Marsh salinity control gate. 

The analysis described in this appendix used existing 
channel geometry without any ofDWR's proposed modi­
fications in north Delta or south Delta channels. Existing 
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CCWD, CVP, and SWP pumping capac1t1es, as 
simulated by the DeltaSOS model (described in Appen­
dix A2), were assumed in the RMA model. 

The RMA input file specified the operation of the 
various Delta channel control gates. Monthly operation 
(open or closed) of the DCC, the Suisun Marsh salinity 
control gate, and the temporary barrier at the head of Old 
River were specified. The partial barriers that are being 
installed and operated by DWR in the south Delta were 
not simulated. 

RMA DELTA MODEL TIDAL 
FLOW CALIBRATION 

Hydrodynamic calibration of the RMA model has 
been previously demonstrated for selected years (Smith 
and Durbin 1989). Direct hydrodynamic calibration of 
the RMA model with channel flows and velocities has not 
been possible because flows and velocities have not been 
measured routinely in the Delta channels (some stations 
are now operational). Calibration is therefore based on 
the match between observed and simulated water surface 
fluctuations at several tidal stage recording stations lo­
cated throughout the Delta. 

Conservation of mass requires that flow past a lo­
cation depends directly on tidal phase and amplitude. 
Therefore, agreement between measured and computed 
stage is a good indication that the model is properly 
simulating the tidal movement of water in Delta channels. 
As the figures described below demonstrate, the Delta 
channel tidal stage patterns simulated by the RMA hydro­
dynamic model generally match tidal stage data. 

The following are example comparisons of observed 
and simulated stage at important Delta locations. Two 
methods are used to compare simulated and observed 
tidal stage: time-series plots of tidal stage and scatter 
plots of observed and simulated stage. Inaccurate gage 
datums caused by levee subsidence may result in ob­
served stage being consistel!.tlY high; thus, simulated 
stage may be consistently lower than observed stage. 
Errors in modeled tidal phase or the magnitude of tidal 
fluctuations will cause the difference between the ob­
served and simulated stage to fluctuate. 

Figure Bl-2 shows observed and simulated stage for 
the San Joaquin River at Antioch for the period of July 6-
19, 1979. Average Delta hydrology during this periods 
was as follows: Sacramento River inflow of about 16,000 
cfs, San Joaquin and eastside stream inflow of about 
1,700 cfs, Delta exports of about 9,300 cfs, channel 
depletion of about 4,400 cfs, and Delta outflow of about 
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4,000 cfs. Both the time-series and scatter plots indicate 
agreement between simulated and observed stage at 
Antioch. The time-series plot shows that the model 
correctly accounts for the 2.5-hour tidal lag between the 
Benicia tidal boundary and Antioch, thus correctly 
representing conveyance factors and friction terms in the 
channels over that distance. The correspondence of 
simulated and observed stage at Antioch suggests that the 
tidal flow split between the Sacramento River and San 
Joaquin River channels is accurately simulated by the 
RMAmodel. 

Figure B 1-3 shows observed and simulated stage for 
the Sacramento River at Walnut Grove for the period of 
July 6-19, 1979. Both the time-series and scatter plots 
indicate agreement between simulated and observed stage 
at Walnut Grove. The time-series plot shows that the 
model correctly accounts for the 4-hour tidal lag between 
the Benicia tidal boundary and Walnut Grove. Simulated 
low tides are several inches lower than measured low 
tides, but the simulated magnitudes and timing of the 
tides are very close to those observed. The stage corres­
pondence at Walnut Grove suggests that tidal flows in the 
Sacramento River, and therefore in the DCC and Geor­
giana Slough, are accurately simulated by the RMA 
model. 

Figure B 1-4 shows observed and simulated stage for 
Old River at Rock Slough for the period of July 6-19, 
1979. Both the time-series and scatter plots indicate 
close agreement between simulated and observed stage at 
Rock Slough. The time-series plot shows that the model 
correctly accounts for the 4.5-hour tidal lag between the 
Benicia tidal boundary and Rock Slough. Low tides are 
lower than measured by a few inches, but the simulated 
magnitudes and timing of the tides are very close to the 
observed stage. The stage correspondence at Rock 
Slough suggests that tidal flows in Old River near two of 
the islands for the proposed DW project, Holland Tract 
and Bacon Island, are accurately simulated by the RMA 
model. 

Tidal stage calibrations at several other Delta loca­
tions are shown in Smith and Durbin (1989). The tidal 
calibration results suggest that the RMA Delta model can 
be used with confidence to simulate the possible effects 
of the proposed DW project on Delta channel stage, 
velocity, and flow. Appendix B2 presents further confrr­
mation of the RMA model calibration by comparing 
observed and simulated salinity (electrical conductivity 
[EC]) patterns for 1968-1991. Simulation of the histori­
cal EC data provides indirect evidence that the hydro­
dynamic simulations are accurate because the tidal flows 
govern the upstream mixing ofEC from the downstream 
boundary. 
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The U.S. Geological Survey (USGS) and DWR have 
installed ultrasonic velocity meters (UVMs) in the 
Sacramento River at Freeport, Montezuma Slough at the 
Suisun Marsh salinity control gate, Old River at Bacon 
Island, and Middle River at Bacon Island and plan to 
install more of these velocity and flow measuring devices. 
Obtaining tidal flow measurements in Delta channels will 
provide an opportunity to adjust hydraulic model coeffi­
cients and further increase the hydrodynamic model 
accuracy. 

SIMULATED DELTA TIDAL 
HYDRAUUC PA TIERNS 

The RMA Delta model computes hydrodynamic 
effects based on simulations of tidal flows in Delta 
channels induced by the average tide at the downstream 
Delta boundary and based on the inflows and exports 
specified at model boundary nodes. Because the same 
average tide is used for all specified inflows and exports, 
Delta tidal flows induced by the average tide, without any 
inflows or exports, can be described once for all hy­
draulic simulations. The purposes of this section are to: 

• document typical Delta tidal hydraulics, which 
are the computational basis for simulating and 
evaluating hydrodynamic effects of the DW 
project; 

• demonstrate the influence of tidal flows on 
transport and mixing exchange in the Delta 
channels, which govern the movement of salt 
and other water quality variables and may 
govern the movement and survival of various 
fish life stages in the Delta; and 

• describe the averaging of the tidal flows to 
calculate the tidally averaged net channel flows 
and tidal mixing flows (part of tidal flow 
involved in mixing), which are used in the 
RMA Delta water quality mass-balance model 
computations. 

Channel Geometry 

Hydraulic simulations require accurate geometry 
data for the Delta channels. Surface area is important in 
detennining the upstream tidal flow for a given change in 
stage at a node. Cross-sectional areas and lengths of 
channels (with corresponding friction factor) determine 
divisions of flow when tidal flows can move into more 
than one channel. Volume determines the change in 
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stage corresponding to a tidal inflow or outflow at a node. 
Table Bl-1 summarizes these important hydraulic geo­
metry data for major Delta channel segments. 

As the flood tide flow moves into Delta channels, 
stage increases and water is stored in the channels. This 
dynamic storage in a channel reduces the total flow in an 
upstream direction and attenuates the flood tide wave. 
The amount of storage is a function of the channel surface 
area and the change in stage. As the tide reverses to ebb, 
the temporary channel storage empties and creates the 
ebb tide flow out of the Delta. 

Typical tidal hydrodynamic simulations do not 
include the effects of the spring-neap tidal cycle on the 
mean tidal stage of the Delta. There is a daily variation 
in the average tidal stage over the spring-neap cycle, with 
a variation of approximately I foot within the 28-day 
lunar cycle; the mean stage during spring tides (one large 
and one small tidal fluctuation) tends to be higher, and the 
mean stage during neap tides (two moderate tidal 
fluctuations) tends to be lower. This variation in mean 
stage produces a component of Delta outflow (positive or 
negative) due to this tidal filling and emptying cycle of 
the Delta that is not included in the RMA simulations that 
used long-term typical tidal fluctuations at Benicia. 

Simulated Tidal Hydraulics 

Table Bl-2 presents simulated tidal flows, tidal 
velocities, channel cross-sectional area, and tidal excur­
sions for selected Delta channel locations. The average 
flood tide flow is typically calculated from the tidal 
simulation results as the 12.5-hour average of all flood 
tide flows during the tidal cycle. The actual tidal cycle 
may contain two periods of flood tide flow corresponding 
to the two periods of rising water surface elevations 
(stages) between low tide and high tide. An equivalent 
flow moves in the opposite direction during the ebb flow 
portions of the tidal cycle. The magnitude of the simu­
lated tidal flow determines the strength of simulated tidal 
effects in a Delta channel. 

Average flood tide velocity is the average simulated 
velocity during the 12.5 hours of simulated floodflows in 
a channel. The average channel cross-sectional area can 
be approximated as the average flow divided by the 
average simulated velocity. The channel area of some 
channels may increase considerably between low tide and 
high tide. 

Tidal excursion is the average distance that a passive 
object would move between high tide (upstream) and low 
tide (downstream). The daily tidal excursion is the range 
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of the cmnulative tidal movement, calculated from the 
simulated average tidal velocities as the estimated posi­
tion of imaginary objects (particles) released at the 
beginning of the tidal cycle and followed as they move 
upstream on flood tide flows and then downstream on ebb 
tide flows. During tidal flows there is a considerable 
"spreading" of water in Delta channels because water in 
the central portion of the channel has a greater velocity 
than water near the sides and bottom. This tidal spread­
ing is what causes tidal mixing of salt and other materials 
released into Delta channels. 

Tidal Hydraulics in Suiaun Bay 

Figure B 1-5 shows the simulated tidal hydraulics in 
Suisun Bay. The average tide at Benicia at the west end 
of Suisun Bay begins with the high-high tide of 3.0 feet 
(mean sea level [msl] datmn); the low-low tide of -2.8 
feet OCCW"S at about hour 8. The low-high tide of 2.2 feet 
occurs at hour 14; the high-low tide of -0.2 feet occurs at 
hour 19. The RMA model therefore simulates average 
tide in Suisun Bay with a 5.8-foot range over the tidal 
cycle. The change in tidal stage controls the movement 
of water into and out of Suisun Bay and the Delta. 

The simulated tidal stages at Chipps Island at the 
east end of Suisun Bay are very similar to those for the 
boundary tide specified at Benicia, except that the low­
low tide stage at Chipps Island is only -2.1 feet, not as 
low as at Benicia. The tidal stage pattern for Chipps 
Island lags behind the Benicia pattern by about 1-1.5 
hours. 

The change in tidal velocity lags behind the change 
in tidal stage. This is because the tidal change in the 
slope of the water surface elevation drives the tidal velo­
city and flow in the estuary channels. At Benicia, for 
example, the simulated stage is decreasing from high tide 
dwing the first 7.5 hours of the tidal cycle. The simulated 
velocity and flow at Benicia are in the upstream (nega­
tive) direction for the frrst 2.5 hours, and then are in the 
downstream direction with a peak downstream flow at 
hour 6.5, about 1 hour before low tide. The peak flood 
tide flow and velocity (upstream direction) occurs at hour 
13.5, approximately 1 hour before the high tide simulated 
at hour 14.5. Therefore, high tides are generally asso­
ciated with maximmn upstream flow and velocity, while 
low tides are associated with maximmn downstream flow 
and velocity, but peak flows precede the high and low 
tides. The delay between peak flows and peak stages 
varies with location within the estuary. 

Simulated tidal velocities at Benicia and Chipps 
Island are similar, with a lag of about 1 hour between 
these two locations. The peak tidal velocities are about 
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3 feet per second (fps), with an average velocity of about 
1.8 fps. Although the pattern of tidal velocities depends 
on the specified tide, these tidal velocities provide a 
general indication of the magnitude of the tidal exchange 
within Suisun Bay. 

Simulated tidal flows at Benicia are quite large, with 
a peak ebb tide flow of about 575,000 cfs (positive 
downstream flow) and a peak flood tide flow of about 
500,000 cfs (negative upstream flow). The average 
simulated flood tide flow at Benicia is 322,000 cfs (Table 
B 1-2). Because this flood tide flow occurs during one­
half of the day, the conversion factor between average 
flood tide flow (cfs) and daily flow volmne (acre-feet/day) 
is about 1. Therefore, the volmne of water moving up­
stream into Suisun Bay from the Benicia boundary during 
the flood tide periods of one tidal cycle is approximately 
322,000 acre-feet (af). This daily flood tide volmne is 
about 73% of the mean tide volmne of Suisun Bay shown 
in Table B1-1 (443,000 af at mean sea level). A similar 
amount of water moves from Suisun Bay into San Pablo 
Bay during the ebb tide periods. These simulated results 
indicate very high exchange rates for water in Suisun 
Bay. 

Simulated tidal flows at Chipps Island are con­
siderably less than at Benicia, with a peak ebb flow of 
about 320,000 cfs and a peak flood tide flow of 310,000 
cfs. The average flood tide flow is about 203,000 cfs. 
The reduction in flood tide flow at Chipps Island is 
caused by the temporary storage of water in Suisun Bay. 
1be swface area of Suisun Bay is approximately 25,000 
acres, and about 100,000 af can be temporarily stored 
within a tidal range of 4 feet. In addition, a large tidal 
flow (approximately 20,000 cfs flood tide flow) moves 
into the Suisun Marsh channels. 

Tidal Hydraulics in the Sacramento River 

Based on specified model channel geometry (Table 
B 1-1 ), the Sacramento River from Chipps Island to 
Sacramento is estimated to have a water volmne of about 
280,000 af. The Sacramento River upstream of Chipps 
Island encompasses about 13,000 surface acres of water 
with a mean depth of 21.5 feet. Simulated tidal hydraul­
ics at four locations along the Sacramento River in the 
Delta are shown in Figure B 1-6. 

Simulated tidal stage at Collinsville has a slightly 
reduced range compared with tidal stage at Benicia, with 
a high tide of 2.8 feet and a low tide of -2.0 feet. The 
tidal range at Rio Vista is about the same as at Collins­
ville. The tidal range is reduced at Walnut Grove and 
Courtland, with a high tide of2.5 feet and a low tide of 
-1.0 foot (Figure B 1-6). The tidal lag between Benicia 
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and Collinsville is about 2 hours, between Collinsville 
and Rio Vista is about I hour, between Rio Vista and 
Walnut Grove is another hour, and between Walnut 
Grove and Courtland is somewhat less than an hour. 
Therefore, the total simulated tidal lag from Benicia to 
Courtland is approximately 5 hours. 

The simulated typical tidal hydraulic patterns at 
Walnut Grove (Figure Bl-6) can be compared with the 
14-day period of tidal stage measurements and simulation 
results shown in Figure Bl-3. The simulated stage at 
Walnut Grove for the long-term average typical tide 
varied from -1.0 foot to 2.5 feet msl. The measured tide 
for the 14-day period in July 1979 varied from about 0.0 
to about 3.5 feet. The measured tide fluctuations were 
well matched by simulated stages during the July 1979 
period because the Sacramento river flow of approxi­
mately 16,000 cfs raised the average stage by about 1 
foot The simulations producing the typical tidal hydraul­
ic results shown in Figure B 1-6 assumed no river inflows, 
so the average stage was determined by the average tidal 
stage used as input at the Benicia boundary. A tidal 
range of about 3.5 feet at Walnut Grove was simulated 
both for the historical 1979 period and for the typical 
tidal simulation. 

The magnitude of the flood tide flow decreases in the 
upstream direction as the flood wave is attenuated 
through storage in the Sacramento River and connecting 
Delta channels. Table Bl-2lists simulated average flood 
tide flows for Sacramento River and Delta channels. The 
average flood tide flow at Collinsville is about 100,000 
cfs at an average flood tide velocity of 1.3 fps. At Rio 
Vista, the average flood tide flow is 46,000 cfs at an 
average velocity of0.8 fps. A large portion of flood tide 
flow (29,000 cfs) moves up Cache Slough and the Sacra­
mento Ship Channel, and a smaller portion continues up 
the Sacramento River. At Walnut Grove, average flood 
tide flow is 6,500 cfs at an average velocity of0.8 fps. 

Tidal Hydraulics in the San Joaquin River 

Figure B 1-7 shows simulated tidal hydraulics at four 
locations on the San Joaqum River. The San Joaquin 
River joins the Sacramento River near Collinsville. 
Because the San Joaquin River has more side channels 
than the Sacramento River, its tidal flow patterns are 
more complex. The San Joaquin River between Vernalis 
and the mouth near Collinsville has a total surface area of 
approximately 11,300 acres and volume of about 
240,000 af. 

Simulated tidal stage at Antioch has a range of about 
4.5 feet, with a high tide of 2.7 feet and a low tide of 
about -1.8 feet. Tidal stage decreases only slightly as far 
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upstream as Fourteenmile Slough near Stockton. Tidal 
lag, however, increases upstream on the San Joaquin 
River. Tidal lag between Benicia and Antioch is about 2 
hours; tidal lag is another hour at Jersey Point; and at 
Fourteenmile Slough, the tidal lag from Benicia is about 
5 hours. Tidal lag from Benicia to the head of Old River 
is approximately 7 hours (Figure B 1-7). 

Table Bl-2lists simulated average flood tide flows 
for the San Joaquin River and connecting channels. 
Simulated average flood tide flow at Antioch is 95,000 
cfs at an average velocity of 1.6 fps. Upstream at Jersey 
Point, the average flood tide flow is 86,000 cfs at an 
average velocity of 1.4 fps. Approximately half the San 
Joaquin River flood tide flow enters the Franks Tract area 
through Dutch Slough and False River. The average 
flood tide flows in Dutch Slough and False River are 
about 4,800 cfs and 39,000 cfs, respectively. A small 
flood tide flow (3,000 cfs) reenters the San Joaquin River 
through the mouth of Old River. 

At the mouth of the Mokelumne River, simulated 
average flood tide flow in the San Joaquin River is about 
57,000 cfs at an average velocity of 0. 9 fps. A portion of 
the tidal flow moves into the Mokelumne River channels 
through the Mokelumne River mouth and Potato Slough. 

The average flood tide flow above the mouth of 
Middle River mouth and Columbia Cut is about 12,600 
cfs, and above Turner Cut and Fourteenmile Slough the 
average flood tide flow is reduced to about 4,000 cfs. At 
the head of Old River near Mossdale, the average flood 
tide flow is reduced to about 1 ,000 cfs. 

Tidal Hydraulics in Old River 

Figure B 1-8 shows the simulated tidal hydraulics at 
three Old River locations. Old River and connecting 
channels, including Franks Tract and Big Break, have a 
total surface area of about 10,000 acres and a volume of 
about 115,000 af. Flood tide flow actually enters Old 
River through Franks Tract from Dutch Slough and False 
River. Flood tide flow at the mouth of Old River moves 
from Franks Tract to the San Joaquin River. 

The simulated tidal stage is similar at the three Old 
River locations._ At Holland Tract, tidal range is about 
3.8 feet, with a high tide of 2.6 feet and a low tide of -1.2 
feet. At Coney Island, opposite the Clifton Court en­
trance gates, high tide is 2.6 feet and low tide is -0.9 feet, 
for a tidal range of 3. 5 feet. The tidal lag from Benicia is 
about 4 hours at Holland Tract and increases to about 7 
hours at Coney Island. 
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Table Bl-2lists simulated average flood tide flows 
in Old River. Simulated average flood tide flow in Old 
River at Rock Slough is about 9,300 cfs at an average 
velocity of 0.8 fps. At Woodward Canal, just north of 
Victoria Canal and Clifton Court, the average flood tide 
flow is about 7, 700 cfs at an average velocity of 1.1 fi>s. 
At Coney Island, opposite the entrance to Clifton Court 
and north of Grant Line Canal, the average flood tide flow 
is about 5,700 cfs at an average velocity of I.2 fps. Some 
of this flood tide flow joins Old River from Victoria 
Canal and Middle River. 

Tidal Hydraulic• in Middle River 

Figure B 1-9 shows simulated tidal hydraulics at four 
locations on Middle River. Middle River, including 
Turner and Columbia Cuts, Mildred Island, and Victoria 
Canal, has a surface area of about 4,000 acres and a 
volume of about 62,000 af. Flood tide flow from the San 
Joaquin River enters Middle River at the mouth and 
through Turner Cut. Flood tide flow reenters the San 
Joaquin River from Middle River through Columbia Cut. 

1be simulated tidal range in Middle River channels 
is quite uniform, with a high tide of about 2.6 feet and a 
low tide of -1.2 feet at the mouth and -0.8 feet at the head 
of Middle River. The tidal lag between Benicia and the 
mouth of Middle River is about 4 hours. The tidal lag 
increases to about 5 hours at Victoria Canal and about 7 
hours at the head of Middle River. 

Table Bl-2lists simulated average flood tide flows 
in Middle River. Simulated average flood tide flow 
entering the mouth of Middle River from the San Joaquin 
River is about 18,000 cfs at an average velocity of0.5 
fi>s. Upstream of Columbia Cut, average flood tide flow 
is about 14,700 cfs. At Victoria Canal, average flood tide 
flow is 4,300 cfs at an average velocity of 1.0 fps. Most 
of the flood tide flow (3,400 cfs) enters Victoria Canal, 
and a flow of only about 900 cfs continues upstream in 
Middle River. 

-
Tidal Hydraulic• in the South Delta 

Simulated tidal hydraulics in the south Delta are of 
particular interest because fluctuations in tidal stage are 
important for agricultural diversions, and tidal flows 
provide flushing of agricultural drainage water. Simu­
lated tidal hydraulics at four south Delta locations are 
shown in Figure Bl-10. 

Three inflows to the south Delta channels are the Old 
River near Byron, Middle River at Victoria Canal, and 
the head of Old River near Mossdale. High tide is about 
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2.6 feet in Old and Middle Rivers and about 2.2 feet at 
Mossdale. Low tide is about -I.O feet in Old and Middle 
Rivers and about -0.3 feet at Mossdale. The tidal lag 
from Benicia to the south Delta varies from about 5 hours 
to 7 hours. 

Because the south Delta is near the southern boun­
dary of the estuary, tidal flows are relatively small. The 
average flood tide flow in Middle River upstream (south) 
of Victoria Canal is only 900 cfs at an average velocity of 
0.5 fi>s. The average flood tide flow is less than SO cfs at 
the head ofMiddle River. The average flood tide flow in 
the Grant Line Canal (which includes the Fabian and Bell 
Canal) is about 3,SOO cfs at the west end near Coney 
Island and decreases to about 2, 700 cfs at the east end of 
Fabian Tract. The average flood tide flow in Old River 
near the CVP Tracy Pumping Plant is about 1,200 cfs at 
an average velocity ofO.S fi>s. This flood tide flow in Old 
River is reduced to about I SO cfs near the town of Tracy. 
The average flood tide flow at the head of Old River is 
about I, 100 cfs at an average velocity of I.O fps, moving 
upstream from Grant Line Canal toward the San Joaquin 
River. 

Various channel barriers have been installed in south 
Delta channels for maintenance of fisheries and water 
quality. A barrier at the head of Old River has been used 
periodically. Several tidal barriers and gates have been 
proposed and are being evaluated by DWR. None of 
these channel barriers were included in these basic tidal 
simulations of south Delta channels. The barrier at the 
head of Old River was included in simulations of the DW 
project alternatives and the No-Project Alternative. 

Tidal Hydraulics in the Mokelumne River 

In the north Delta, the Mokelumne River channels 
include the DCC, Georgiana Slough, North and South 
Forks of the Mokelumne River, Potato Slough, Little 
Potato Slough, White Slough, and several smaller chan­
nels between the Sacramento River and the San Joaquin 
River. The surface area of these channels is approxi­
mately 3,800 acres and volume is about S2,000 af. Tidal 
flood tide flows enter the Mokelumne River channels 
from the Sacramento River through the DCC (when 
simulated to be open) and Georgiana Slough. Flood tide 
flows also enter the Mokelumne River channels from the 
San Joaquin River through the Mokelumne River mouth 
and through Potato, Disappointment, and Fourteenmile 
Sloughs. Flood tide flows reenter the San Joaquin River 
from Potato Slough through Little Potato Slough around 
Venice Island. 

Figure B 1-11 shows the simulated tidal hydraulics in 
the Mokelumne River channels. The stage levels on the 
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Sacramento River at Walnut Grove (near the DCC and 
Georgiana Slough) and the San Joaquin River at the 
mouth of the Mokelwnne River are almost identical. This 
similarity indicates that tidal flows enter the Mokelwnne 
River channels from both the Sacramento and San 
Joaquin Rivers at the same time. 

Simulated average flood tide flow from the Sacra­
mento River into Georgiana Slough is about 950 cfs at an 
average velocity of0.3 fps. The average flood tide flow 
ftom the Sacramento River into the DCC is about 2,000 
cfs at an average velocity of0.4 fps. Average flood tide 
flow from the San Joaquin River into the Mokelwnne 
River mouth is about 8, I 00 cfs at an average velocity of 
0.5 fps, and the average flood tide flow from the San 
Joaquin River into Potato Slough is about 9,300 cfs at an 
average velocity of0.7 fps. 

Tidal Hydraulics in Suisun Marsh 

Figure B 1-12 shows the simulated tidal hydraulics in 
the Suisun Marsh channels. The Suisun Marsh salinity 
control gate was open in the tidal simulation. Simulated 
tide stage at Grizzly Bay (south of Suisun Marsh) is about 
I hour aheadofthe stage at Collinsville. Flood tide flow 
enters Suisun Marsh from Grizzly Bay and exits from 
Montezuma Slough into the Sacramento River at 
Collinsville. Ebb tide flow enters Suisun Marsh from the 
Sacramento River and empties from Suisun Marsh into 
Grizzly Bay. 

Simulated average flood tide flow into Montezuma 
Slough from Grizzly Bay is about 13,700 cfs at an 
average velocity of 0.6 fps. Average flood tide flow into 
Suisun Slough from Grizzly Bay is about 7,800 cfs at an 
average velocity of0.4 fps. Average flood tide flow at 
the Suisun Marsh salinity control gate on Montezuma 
Slough is about 4,700 cfs at an average velocity of 
1.0 fps. 

Tidal Hydraulics in Threemile Slough 

Threemile Slough conneCts the Sacramento River at 
Ennnaton with the San Joaquin River upstream of Jersey 
Point FigureBI-13 shows the simulated tidal hydraulics 
for Threemile Slough. Tidal stage at the Sacramento 
River end ofThreemile Slough is about an hour ahead of 
the tide at the San Joaquin River end. Ebb flow through 
Threemile Slough is from the San Joaquin River to the 
Sacramento River and flood tide flow is from the Sacra­
mento River to the San Joaquin River. 

Simulated average flood tide flow in Threemile 
Slough from the Sacramento River to the San Joaquin 
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River is about 18,400 cfs at an average velocity of 1.4 
fps. 

Tidal Hydraulics in Steamboat and Sutter Sloughs 

Steamboat and Sutter Sloughs, along with Cache and 
Miner Sloughs and the Sacramento Deep Water Ship 
Channel, have a surface area of about 4,250 acres and a 
volume of about 86,000 af. Simulated average flood tide 
flow from the Sacramento River into Cache Slough is 
about 28,800 cfs at an average velocity of 1.1 fps. 
Average flood tide flow at the mouth of Steamboat 
Slough is 4,700 cfs at an average velocity of0.9 fps. At 
the upstream end of Steamboat Slough, the average flood 
tide flow into the Sacramento River is about I ,500 cfs. 
At the upstream end of Sutter Slough, average flood tide 
flow into the Sacramento River is about I ,900 cfs. 

Summary Map of Tidal Flows 

Simulated average flood tide flows throughout the 
Delta are swnmarized in Figure BI-14. Arrows indicate 
the direction of the flood tide flow. The RMA model uses 
the average tidal boundary pattern at Benicia as the basis 
for simulating monthly average Delta channel flows. 
Tidally averaged net channel flows caused by inflows and 
exports should be understood to be superimposed on the 
tidal flows shown on this "tidal map" of the Delta. In 
many cases, the tidal flows are much larger than the net 
channel flows. These fluctuating tidal flows are relatively 
constant from day to day, independent of the net channel 
flows. 

Because the times of peak tidal flows are delayed as 
the tide progresses upstream, tidal flows in the south and 
north Delta are out of phase with the Benicia boundary 
condition. Nevertheless, these tidal flows occur during 
the tidal cycle and provide tidal exchange mixing that, 
along with Delta outflow, governs salinity intrusion, tidal 
flushing flows that may affect water quality, and tidal 
currents that may influence fish movement. 

Simulation of Tidal Gate Operations 
in the Delta 

Several tidal gates are operating in the Delta and 
several others are proposed. The most important Delta 
tidal gates are the gate at the entrance to Clifton Court 
Forebay and the Suisun Marsh salinity control gate. 
Operating tidal gates are also simulated on Tom Paine 
Slough in the south Delta and on Sandmound Slough at 
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Rock Slough. Gates on the DCC and at the head of Old 
River were also simulated, but they were either open or 
closed during an entire month and do not operate as tidal 
gates. 

Clifton Court Forebay 

Inflow to Clifton Court Forebay is controlled by a 
gated weir that allows inflow during high tide and pre­
vents outflow during ebb tides. The gate is represented 
in the RMA Delta model by a channel that approximates 
the head loss through the control structure. Clifton Court 
inflow is computed based on channel hydraulic charac­
teristics and the simulated head difference between Old 
River and Clifton Court and the asswnption that there is 
a constant outflow to the Banks Pumping Plant. The gate 
is asswned to be open for several hours near high tides to 
approximate the current operating schedule. 

Suisun Manh Salinity Control Gate 

The RMA Delta model includes tidal gates to control 
flow in Monteztnna Slough. Almost all flood tide flow is 
blocked by the gates, producing a net ebb flow from the 
Sacramento River into Suisun Marsh. The magnitude of 
the net ebb flow depends on the Sacramento River flow. 
This tidal gate creates a net inflow of Sacramento River 
water into the Suisun Marsh channels for salinity control. 

SIMULATIONS OF MONTHLY AVERAGE 
NET DELTA CHANNEL FLOWS USING 

IDSTORICAL DELTA INFLOWS 
AND EXPORTS 

To describe basic Delta channel flow patterns, 
historical monthly average Delta channel flows were 
simulated with the RMA model based on historical in­
flows and exports for water years 1967-1991. Net flows 
in Delta channels are governed by channel geometry and 
tidal hydrodynamics, in combin_!ltion with Delta inflows, 
exports, diversions, and agricultural drainage. 

Movements of water through the Delta are described 
based on channel flow divisions ("flow splits") and 
tracking of each inflow ("source tracking") simulated by 
the RMA model. Flow splits represent the relative pro­
portions of flow simulated to enter two or more Delta 
channels at channel junctions. Source tracking was per­
formed by numerically marking the water from a parti­
cular source (i.e., Sacramento River) and following the 
marked water through the Delta. Source tracking is used 
to indicate the percentage of water from a given source 
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(Sacramento and San Joaquin Rivers, eastside streams, 
Yolo Bypass, San Francisco Bay, and Delta island 
drainage) that is simulated at each model node at the end 
of each month. The results from the RMA simulations of 
channel flow splits were incorporated in the DeltaSOS 
assessment model. 

The purpose of this description of simulated his­
torical Delta channel flows is to: 

• describe the simulated relationships between 
inflows, exports, and assumed Delta gate oper­
ations and channel flows; 

• describe the simulated divisions of flow (flow 
splits) between several important Delta chan­
nels; and 

• provide a foundation for describing simulated 
changes in Delta channel flows resulting from 
proposed DW project operations. 

Historical Monthly Average 
Inflows and Exports 

For purposes of impact assessments, river inflows 
and Delta exports are the most important simulation 
terms; rainfall and estimated agricultural diversions and 
drainage are asswned to remain unchanged from the 
historical values (except for diversions to and drainage 
from DW islands under proposed project operations). 

The RMA Delta model requires inputs specifying 
inflows for the Sacramento River, Yolo Bypass, eastside 
streams (Mokelwnne, Cosumnes, and Calaveras Rivers), 
and the San Joaquin River. Inflows to the Delta repre­
sented by rainfall and agricultural drainage are specified 
as components of monthly net Delta channel depletion (or 
gain) estimates. 

The RMA Delta model requires specification of 
exports at SWP North Bay Aqueduct, SWP Banks Pump­
ing Plant, CVP Tracy Pumping Plant, and diversions at 
Contra Costa Water District (CCWD) Rock Slough 
intake. Agricultural diversions are estimated as a com­
ponent of net Delta_ channel depletions with an asswned 
irrigation efficiency of 70% (DWR 1994). The RMA 
model estimates diversions to each of the agricultural 
siphons and pumps in the Delta at each model node based 
on the proportional acreage of Delta islands adjacent to 
the model nodes. 

Model input values for historical Delta inflows and 
exports for water years 1967-1991 were obtained from 
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DWR's DA YFLOW database. The historical island 
flooding events and subsequent pwnping discharges to 
empty the flooded islands that are reported as "exports" 
were not simulated, however. 

Table Bl-3 gives the monthly historical Delta 
inflows and exports that were used in the simulation of 
historical Delta charmel flows with the RMA Delta model 
for water years 1968-1991. The only deviations from 
actual historical DA YFLOW estimates of channel flow 
are the removal of the island flooding events and some 
differences in the simulated DCC closure rules. The 
RMA model input specifies the DCC status for each 
month, as a function of Sacramento River inflow and 
Delta outflow, while actual historical DCC closure was 
governed by daily flows and other operational consider­
ations. 

Sacramento River and Yolo Bypass Flows 

Figure B 1-15 shows the historical monthly average 
Sacramento River flow at Sacramento and Yolo Bypass 
flow for water years 1967-1991. The average combined 
flow during this period was 28,400 cfs, average flow in 
the Sacramento River was 23,950 cfs, and average Yolo 
Bypass flow was about 4,450 cfs. Figure B 1-16 shows, 
however, that the maximwn channel flow capacity of the 
Sacramento River is about 80,000 cfs; flows greater than 
this capacity are diverted into Yolo Bypass upstream of 
the City of Sacramento. The maximwn monthly average 
Yolo Bypass flow during 1967-1991 was approximately 
130,000 cfs. Flows ofless than about 40,000 cfs remain 
in the Sacramento River channel. When Sacramento 
River flows are between 40,000 cfs and 80,000 cfs, some 
water begins to be diverted into the Yolo Bypass. 

Minirnwn monthly average Sacramento River flows 
of about 10,000 cfs have occurred during late summer of 
most years, with flows ofless than 10,000 cfs persisting 
for several months in 1977 and 1991 (Figure B1-15). 
Such low-flow periods are the most critical for maintain­
ing salinity control in the Delta. 

Sacramento River and Yolo Bypass flows consist of 
WlCOntrolled runoff downstream of reservoirs and reser­
voir spills or releases. A large proportion of the Sacra­
mento River and Yolo Bypass flow during periods of high 
runoff cannot be controlled by upstream reservoirs. 

All releases and spills from upstream Sacramento 
Valley SWP and CVP reservoirs enter the Delta through 
the Sacramento River and Yolo Bypass. These Delta 
inflows may change directly with alternative operations 
of the CVP and SWP systems and with various possible 
operations of the proposed DW project. Because Yolo 
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Bypass flows become substantial only during relatively 
rare events when Sacramento River flows are greater than 
about 40,000 cfs, the Sacramento River inflow is the 
inflow most directly changed by upstream CVP and SWP 
reservoir operations. 

San Joaquin and Eastside Stream Flows 

Historical 1967-1991 monthly average inflows for 
the San Joaquin River at Vernalis and eastside streams 
(Mokelumne, Cosumnes, and Calaveras Rivers) are 
shown in Figures B 1-17 and B 1-18, respectively. The 
average flow in the San Joaquin River for 1967-1991 
was 4,875 cfs, and the combined average flow in the 
eastside streams for 1967-1991 was about I ,600 cfs. 

Most runoff occurs during winter storms and spring 
snowmelt, with maximwn San Joaquin River flows ex­
ceeding 20,000 cfs and combined flows of the eastside 
streams exceeding 10,000 cfs. Historical minimwn flows 
on the San Joaquin River have been less than 1 ,000 cfs, 
although releases from New Melones Reservoir (part of 
the CVP system completed in 1979 and first filled in 
1983) have been used to maintain San Joaquin River 
flows above I ,000 cfs in recent years. Periods of high 
flow in the San Joaquin River correspond with high flows 
in the other eastside streams and in the Sacramento River. 

Delta CVP and SWP Exports and CCWD Rock 
Slough Diversions 

Figure B 1-19 shows the historical monthly average 
Delta CVP and SWP exports and CCWD diversions for 
water years 1967-1991 obtained from DWR's DAY­
FLOW database. Exports were limited in the first part of 
the period because the SWP facilities were not com­
pleted. Banks Pwnping Plant began operating in 1968, 
San Luis Reservoir was completed in 1967 and filled in 
1969, and Edmonston Pwnping Plant was completed in _ 
1973. Delta exports increased throughout the historical 
period, except when limited by drought conditions in 
197 6-1977 and 1988-1991 and during extremely wet 
periods, such as 1983 and 1986. Historical CCWD 
exports are relatively small and have averaged about 135 
cfs. 

CVP demands for Delta exports are dominated by 
agricultural uses with large seasonal fluctuation. CVP 
export pwnping has become more uniform because the 
CVP portion of San Luis Reservoir is filled before the 
inigation season, and its releases are used to help supply 
the CVP demands. CVP exports are often limited by the 
capacity of the Tracy Pwnping Plant (4,600 cfs) or the 
pwnping capacity at O'Neil Forebay {4,200 cfs). 
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SWP exports at Banks Pumping Plant increased 
significantly dw"ing the historical period of water years 
I %7-1991. Although exports have been limited by the 
Banks Pwnping Plant capacity, an additional four pumps 
became operational in 1992, increasing pumping capacity 
from 6,800 cfs to about I 0,300 cfs during periods of high 
San Joaquin River inflows (see Appendix A I). 

Delta Rainfall, Evapotranspiration, and Channel 
Depletion 

Rainfall and evapotranspiration (ET) are significant 
terms in the historical water budget of the Delta. Rainfall 
and pan evaporation can be measured but soil moisture 
retention and release cannot. Therefore, a soil moisture 
accounting procedure is used to estimate the monthly 
average net channel depletion in the Delta. The RMA 
Delta model requires that agricultural drainage and diver­
sions be separately estimated as components of net Delta 
channel depletion. 

Figure BI-20 shows the monthly pattern of measured 
rainfall, average monthly evaporation pan data, and Delta 
channel depletion estimated with the DeltaDWQ model 
(see Appendix C4, "DeltaDWQ: Delta Drainage Water 
Quality Model"), a soil moisture accounting for the 
1967-1991 historical period. With a total Delta area of 
678,200 acres, average monthly values representing rain­
fall and potential ET are quite large. Average long-term 
Delta channel depletion was estimated to be 1,17 5 cfs. 

Estimated (DA YFLOW) irrigation diversions from 
the Delta are quite large in July and August and corres­
pond to a Delta channel depletion flow of about 5,000 
cfs. 'These unmeasured Delta diversions can have a sub­
stantial effect on the Delta outflow during summer. 
Channel depletion estimates are a major source of poten­
tial error in Delta hydrodynamic simulations. 

Delta Outflow 

-
Delta outflow is an important Delta flow that can be 

estimated as the difference between Delta inflows and the 
combination of Delta exports and net channel depletion. 
Figure B 1-21 shows Delta outflow calculated from his­
torical inflows, exports, and estimated net channel deple­
tion. The average estimated Delta outflow for 1967-1991 
was about 28,000 cfs, and the maximum monthly average 
outflow was about 260,000 cfs. MinimUm monthly 
average Delta outflow has been less than 10,000 cfs 
during summer in almost all years, with considerably 
lower Delta outflow persisting for several months during 
several of the years (1976-1977 and 1987-1991). 
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Figure B 1-22 shows the cumulative distribution of 
monthly average estimated Delta outflow for 1967-1991. 
Estimated monthly average Delta outflow was less than 
10,000 cfs in approximately 45% of the months for 1967-
1991 historical conditions. Delta outflow was less than 
12,000 cfs about 50% of the time, so 12,000 cfs is the 
median monthly average Delta outflow for 1967-1991. 
Delta outflow was less than 40,000 cfs about 800/o of the 
time and less than 80,000 cfs about 90% of the time. 

Upstream reservoir operations and Delta exports 
cannot greatly modify high Delta outflow events, as 
discussed above. Reservoir operations and Delta export 
limits can more easily affect lower Delta outflows. 

Delta Channel Pathways 

Seven major pathways convey water through the 
Delta. As illustrated in Figure Bl-23, these pathways 
represent groups of Delta channels to reflect the general 
movement of water from Delta inflow to Delta outflow 
and Delta exports. The primary Delta channels are the 
Sacramento and San Joaquin Rivers. Numerous other 
channels play an important role in the hydrodynamics of 
the Delta. 

Pathway 1 is the Sacramento River channel between 
the Sacramento River inflow at Sacramento and Delta 
outflow at Chipps Island. A relatively small portion of 
Sacramento River flow is diverted into Suisun Marsh 
through Montezuma Slough downstream of Collinsville. 

Pathway 2 is the natural diversion from the Sacra­
mento River into Steamboat and Sutter Sloughs. This 
pathway returns to the Sacramento River at Rio Vista 
through Steamboat, Miner, and Cache Sloughs. Yolo 
Bypass flow joins this pathway and enters the Sacramento 
River at Rio Vista. 

Pathway 3 encompasses the Mokelumne River 
channels that connect the DCC and Georgiana Slough, 
carrying Sacramento River diversions, with the San 
Joaquin River in the central Delta. The combined flow of 
the Mokelumne River and the Sacramento River diver­
sions through the DCC and Georgiana Slough enters the 
San Joaquin River channel through five separate channels 
(Mokelumne River mouth and Potato, Little Connection, 
Disappointment, and Fourteenmile Sloughs). 

Pathway 4 consists of the San Joaquin River channel 
between the San Joaquin River inflow at V emalis and the 
mouth of the Mokelumne River in the central Delta. 
Inflow from the Calaveras River joins this pathway down­
stream of Stockton. 
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Pathway 5 consists of Old River and Gt-ant Line 
Canal between the head of Old River on the San Joaquin 
River at Mossdale and the Tracy and Banks Pumping 
Plants for Delta exports. A major portion of the San 
Joaquin River flow is diverted into Old River along this 
pathway tmless a barrier is installed at the head of Old 
River. Very little flow is diverted from Old River into 
Middle River at the head of Middle River. 

Pathway 6 is the combination of Old and Middle 
Rivers between the Delta export locations and the mouth 
of Old and Middle Rivers on the San Joaquin River in the 
central Delta. Rock Slough, which connects Old River 
with the CCWD diversion location, is located on this 
pathway. 

During high San Joaquin River inflows, water moves 
down Old River past the Delta export pumps and then 
down Old River and Victoria Canal to Middle River and 
into the central Delta. During periods when Delta 
exports exceed flows diverted from the San Joaquin River 
into Old River, water moves upstream in Pathway 6 from 
the central Delta to the Delta export pumps at Tracy and 
Banks Pumping Plants. Thus, Pathway 6 transports 
water in both directions, with the direction of flow 
depending on the relative magnitudes of Delta exports 
and Old River diversions from the San Joaquin River. 

Pathway 7 is the lower San Joaquin River channel 
between the mouth of Old River and the confluence with 
the Sacramento River downstream of Antioch. This 
pathway includes Fishennans ~ut, False River, and Dutch 
Slough, which connect Franks Tract to the west with the 
San Joaquin River. The net flow through these San 
Joaquin River channels is referred to as QWEST. Three­
mile Slough is considered a part of this pathway because 
Wider nonnal flow conditions a substantial flow from the 
Sacramento River moves to the San Joaquin River 
through Threernile Slough. 

Delta outflow past Chipps Island flows through 
Suisun Bay to Benicia and toward San Pablo and San 
Francisco Bays. Salinity intrusion from tidal exchange 
mixing can transport a significant quantity of salt from 
Suisun Bay into the Sacramento and lower San Joaquin 
River pathways during periods oflow Delta outflow. 

Tile following sections describe RMA model simu­
lations of channel flows and flow splits along these 
transport pathways, based on historical Delta inflows.and 
exports. The results are given in Table B 1-4 for 1968-
1991 for selected channel locations. 

Delta Wetlands Draft EIRIEIS 

87-1 19KK\APPD-B1 Bl-13 

Historical Simulations 

A11umed Operation of Delta Gatel for HistOrical 
Simulations 

Currently operating Delta gates include the DCC, the 
Suisun Marsh salinity control gate, and temporary bar­
riers in south Delta channels. For the monthly historical 
simulation, the DCC gates were simulated in a general 
way that reflects the basic DCC operations to limit 
diversions of fish and provide flood control. If the 
monthly average Sacramento River flow was greater than 
· 25,000 cfs, the DCC gates were assumed to be closed for 
flOod control purposes. During January-April, if Delta 
outflow was estimated to be greater than 12,000 cfs, the 
DCC gates were assumed to be closed to limit diversion 
offish from the Sacramento River into the central Delta. 
The actual historical gate operations might have changed 
on a daily basis. Other gates and barriers were not simu­
lated. 

Sacramento River Channel Flows 

Sacramento River diversions into Steamboat and 
Sutter Sloughs, the DCC, and Georgiana Slough are 
determined by channel geometry and tidal hydraulics. 
With a uniform simulated tidal cycle, the average monthly 
flow diversions are governed by stage differentials and 
conveyance capacities of the diversion channels. 

Figure Bl-24 shows the historical monthly average 
Sacramento River inflows at Sacramento (as previously 
shown in Figure B 1-15) and simulated combined diver­
sions to Steamboat and Sutter Sloughs and diversions to 
the DCC and Georgiana Slough for water years 1967-
1991. The diversion channel flows are governed pri­
marily by Sacramento River inflow and operation of the 
DCC gates. Delta exports, Mokelumne River or Yolo 
Bypass inflows, and other Delta conditions do not have a 
substantial effect on these Sacramento River diversions, 
according to the RMA model results. 

Steamboat and Sutter Slough Diversions. Figure 
B 1-25 shows the simulated combined diversions into 
Steamboat and Sutter Sloughs as a fimction of Sacra­
mento River inflow and DCC gate operation. The com­
bined diversions into Steamboat and Sutter Sloughs are 
shown as diversion flow (cfs) and as a percentage of the 
Sacramento River inflow. 

When the DCC gates are open, the combined Steam­
boat and Sutter Slough flow is a major portion of the 
Sacramento River inflow, with approximately 2,000 cfs 
(20%) diverted at a Sacramento River inflow of 10,000 
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cfs and about 7,500 (300/o) diverted at a Sacramento 
River inflow of 25,000 cfs. 

When the DCC gates are closed, the combined 
Steamboat and Sutter Slough flow is an even greater 
portion of the Sacramento River inflow, ranging from 
10,000 cfs (33%) at a Sacramento River inflow of 30,000 
cfs to about 30,000 cfs (39%) at a Sacramento River 
inflow of 80,000 cfs. 

These simulated Delta channel flows based on 
historical inflows indicate that a considerable portion 
(20%-40%) of the Sacramento River inflow is diverted 
into Steamboat and Sutter Sloughs and returned to the 
Sacramento River channel at Rio Vista. 

Delta Cross Channel and Georgiana Slough 
Diversions. Figure Bl-26 shows the simulated com­
bined diversions into the DCC and Georgiana Slough as 
a function of Sacramento River inflow and DCC gate 
operation. The combined diversions into the DCC and 
Georgiana Slough are shown as diversion flow (cfs) and 
as a percentage of the Sacramento River inflow. 

When the DCC gates are open, the combined DCC 
and Georgiana Slough flow is a major portion of the 
Sacramento River inflow, with approximately 5,500 cfs 
(55%) diverted at a Sacramento River inflow of 10,000 
cfs and about 10,000 cfs ( 40%) diverted at a Sacramento 
River inflow of 25,000 cfs. The proportion diverted 
decreases with increasing Sacramento River flow because 
of the respective channel configurations of the river and 
the DCC. 

When the DCC gates are closed, the Georgiana 
Slough diversion flow constitutes a smaller portion of the 
Sacramento River inflow, ranging from about 4,000 cfs 
(20%) at a Sacramento River inflow of 20,000 cfs to 
about 12,000 cfs (15%) at a Sacramento River inflow of 
80,000 cfs. The DCC gates were not closed in the 
simulations at Delta outflows ofless than 12,000 cfs. 

Comparing the simulated flow into Georgiana 
Slough with the Sacramento .River flow downstream of 
the DCC (at the head of Georgiana Slough) indicates a 
consistent hydraulic relationship between flow in the two 
channels, with about 25% of the Sacramento River flow 
below the DCC entering Georgiana Slough. The RMA 
model results indicate that the proportion diverted to 
Georgiana Slough corresponds to 1 5%-20% of the Sacra­
mento River inflow at Sacramento (i.e., above the Sutter 
and Steamboat Slough diversions) (FigureB 1-26). 

These simulated Delta channel flows indicate that a 
considerable portion (1 5%-60%) of the Sacramento 
River inflow is diverted into the DCC and Georgiana 
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Slough and is conveyed into the central Delta. The 
simulated channel flows indicate that the DCC flow is 
greater than the Georgiana Slough flow when the DCC is 
open (Figure B 1-26). Closing the DCC increases the 
Georgiana Slough flow but reduces the total diversions 
from the Sacramento River to the Mokelumne River by 
about half. 

Threemile Slough Diversions. The RMA model 
simulates flows entering Threemile Slough from the 
Sacramento River as generally increasing with Sacra­
mento River flow at Emmaton, which includes Yolo 
Bypass inflows. Flows in Threemile Slough are influ­
enced, however, by the average hydraulic gradient (differ­
ence in water surface elevation) in the slough between the 
Sacramento River and the San Joaquin River. The 
hydraulic gradient can be correlated with the ratio of 
QWEST flow to Sacramento River flow. QWEST flow 
is estimated as the simulated flow in the San Joaquin 
River at Antioch minus the Threemile Slough flow. 
QWEST therefore represents the San Joaquin River 
outflow from the central Delta, as is calculated in 
DAYFLOW. A portion of the QWEST flow moves 
through False River and Dutch Slough, as well as the San 
Joaquin River channel. 

As simulated by the RMA model, Threemile Slough 
flow can be as much as 40% of Sacramento River flow 
whenever central Delta outflow (QWEST) is negative 
(reversed) and equal to half the Sacramento River flow 
(Figure Bl-27). When central Delta outflow (QWEST) 
is zero, simulated Threemile Slough flows are about 200/o 
of Sacramento River flow. When central Delta outflow 
is about 75% of Sacramento River flow, simulated 
Threemile Slough flows are zero. When central Delta 
outflow is equal to Sacramento River flow (i.e., ratio of 
1 : 1 ), the net flow direction in Threemile Slough reverses 
and conveys about 1 0% of the central Delta outflow to 
the Sacramento River. 

These simulated historical Delta channel flows 
indicate that a considerable portion of Sacramento River 
flow is diverted through Threemile Slough to the San 
Joaquin River (Figure Bl-27). The proportion of the 
Sacramento River flow diverted into Threemile Slough is 
greatest when the ratio of central Delta outflow 
(QWEST) to Sacramento River flow is negative (i.e., San 
Joaquin River flows are reversed into the central Delta). 
The diverted Threemile Slough flow is usually greater 
than the reversed central Delta flow (as a fraction of 
Sacramento River flow); therefore, the simulated flows at 
Antioch (which are the sum of QWEST and Threemile 
Slough flows) were almost always positive (see "Flows 
through Franks Tract and Connecting Channels", below). 
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Montezuma Slough Divenions. For the simula­
tions based on historical inflows and exports, the Suisun 
Marsh salinity control gate was asswned to be open. 
Simulated net chmmel flows diverted through Montezuma 
Slough into Suisun Marsh are about 2% of Delta outflow 
for moderate and high Delta outflows (Figure B 1-28). At 
a Delta outflow of I 0,000 cfs, however, the Montezuma 
Slough net flow is simulated to be zero. When Delta 
outflow is less than 10,000 cfs, a small upstream net flow 
transports water from Suisun Marsh into the Sacramento 
River channel near Collinsville. 

The salinity control gate on Montezuma Slough 
began operation in 1989. Approximately 2,200 cfs plus 
0.5% of Delta outflow enters Suisun Marsh through 
Montezuma Slough when the tidal gates are operated to 
be open on ebb tide and closed on flood tide. Delta 
outflow past Chipps Island is reduced by about 2,000 cfs 
during periods oflow Delta outflow when the tidal gates 
are operating. 

San Joaquin River Channel Flows 

1be San Joaquin River channel divides into several 
channels through the Delta. Near Mossdale, the San 
Joaquin River branches into Old River and then branches 
again into Middle River. Under conditions without Delta 
exports, San Joaquin River inflow moves down all three 
chmmels toward the central Delta, where the Middle and 
Old River chmmels rejoin the San Joaquin River. Franks 
Tract (now permanently flooded), located near the mouth 
ofOldRiver, connects with the lower San Joaquin River 
channel through False River, Fishermans Cut, and Dutch 
Slough. The San Joaquin River joins the Sacramento 
River through Broad Slough near Collinsville, although 
a substantial portion of the San Joaquin River flow moves 
through New York and Middle Sloughs to the Sacra­
mento River near Pittsburg. 

Old River and Middle River Divenions. Some 
San Joaquin River inflow at V emalis is diverted into the 
head of Old River near Mossdale. Figure B 1-29 shows 
the monthly average historical San Joaquin River flows 
and simulated flows downstre&in of the head of Old River 
for water years 1967-199 L These simulated channel 
flows do not include the effects of temporary barriers at 
the head of Old River that have been installed during fall 
in some years to increase flows past Stockton. 

Figure B 1-30 shows the simulated flow split at the 
head of Old River. The relationship between flows at the 
head of Old River and San Joaquin River inflow when 
above 2,000 cfs is governed by San Joaquin River inflow 
only (i.e., both are straight-line relationships above 
2,000 cfs in Figure Bl-30). During periods oflow San 
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Joaquin River inflows, most San Joaquin River inflow is 
diverted into the Old River channel near Mossdale. The 
simulated channel flows indicate slight reverse net flows 
in the San Joaquin River channel upstream of Stockton 
(i.e., 100-200 cfs) as indicated by the negative values of 
San Joaquin River flow at Stockton. Stagnant conditions 
are simulated whenever the San Joaquin River inflow is 
less than about 2,000 cfs. During periods of higher San 
Joaquin River flow, about 400/o remains in the San 
Joaquin River channel and flows past Stockton. 

Flows through Franks ·Tract and Connecting 
Channels. Water from the central Delta flows out of the 
Delta through the San Joaquin River and through Franks 
Tract and connecting channels (False River and Dutch 
Slough). Central Delta water includes inflows from the 
San Joaquin River and eastside streams, as well as 
Sacramento River flow diverted through the DCC and 
Georgiana Slough. 

Figure B1-31 shows the simulated central Delta 
outflow (QWEST) and the simulated San Joaquin River 
flow at Antioch. The flow through False River and Dutch 
Slough is a significant portion of the total central Delta 
outflow. False River is the major channel, although 
Dutch Slough flow is also important because of its effects 
on salt transport. The flow at Antioch includes central 
Delta outflow and Threemile Slough flow from the Sacra­
mento River. 

Figure BI-32 shows the flow split of central Delta 
outflow between the main San Joaquin River channel and 
the Franks Tract channels. False River carries a nearly 
constant fraction of about 40% of the central Delta 
outflow (QWEST), and Dutch Slough carries about 5%. 
About 55% of the total central Delta outflow remains in 
the main channel of the San Joaquin River. 

Old and Middle River Channel Flows 

As simulated by the RMA model, Old and Middle 
River channel flows move downstream during periods of 
high San Joaquin River inflow, but during periods of low 
San Joaquin River inflow, Old and Middle River flows 
are often reversed and move from the central Delta 
toward the Delta export locations at the Banks and Tracy 
Pumping Plants. Hydraulic relationships govern channel 
flows in Old and Middle Rivers regardless of the direc­
tion of flow. 

During periods when Delta exports exceed the San 
Joaquin River diversion into Old River, central Delta 
water moves through Old and Middle River channels 
toward the export pumps. Central Delta water may the 
enter Old and Middle River channels at their mouths or 
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flow through Twner, Empire, and Colwnbia Cuts, which 
connect the upper San Joaquin River with Middle River, 
or flow through Franks Tract channels, which connect 
Old River with the lower San Joaquin River. Most 
Middle River flow moves through Victoria Canal to Old 
River near the CVP and SWP pwnping plants. 

The total flow between the central Delta and the 
Delta export locations is equal to the total exports plus 
south Delta channel depletions (estimated as 65% of total 
Delta channel depletions) wunet by the head of Old River 
diversion from the San Joaquin River near Mossdale. 
The unmet export term can be negative when San Joa­
quin River diversions into Old River exceed the export 
pwnping demand. When the barrier on Old River is 
closed, none of the exports can be met with head of Old 
River diversions. 

Figure B 1-33 shows the simulated combined channel 
flows in Old and Middle Rivers for water years 1967-
1991. Head of Old River diversions from the San 
Joaquin River can sometimes meet export pwnping 
demand and provide excess flow to the central Delta in 
Old and Middle Rivers. More often, total Delta exports 
(shown as a negative flow in Figure B1-33) are greater 
than the head of Old River diversions from the San 
Joaquin River, and a negative net flow in Old and Middle 
Rivers toward the export locations is required to meet 
Delta export pwnping demands. 

Several Delta channels connect Middle and Old 
River channels. Victoria Canal carries almost all Middle 
River flow southwestward to Old River near Coney 
Island and the Clifton Court entrance gates. Woodward 
Canal, Santa Fe Cut, and Connection Slough connect the 
Middle and Old River channels. These connecting chan­
nels shift flows between the Middle and Old River 
channels. However, the total flow between the central 
Delta and the export locations is the amount of exports 
and channel depletions unmet by head of Old River 
diversions (Figure B1-33). 

Figure B1-34 shows the simulated flow split of 
unmet Delta exports betweep Old and Middle River 
channels at Bacon Island for water years 1967-1991. 
The simulation location is north of Santa Fe Cut and 
Woodward Canal, which redistributes flows between Old 
and Middle Rivers, and corresponds to the tidal flow 
measurement stations installed by USGS (in 1987). The 
simulated channel flows indicate that Old River conveys 
about 60% of the net flow and Middle River conveys 
about 40% of the net flow. The USGS measurements 
indicate, however, that Old River conveys 45% and 
Middle River conveys 55% of the total net flow. This 
difference has not been resolved. Both USGS measure­
ments and RMA simulations indicate that the tidal flows 
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are about the same for the Old and Middle River channels 
(Table B1-2). The only difference between the USGS 
measurements and the RMA simulations is the net flow 
split for the two channels. This division of flow remains 
consistent whether the flow is downstreilm during high 
San Joaquin inflows or upstream to supply unmet Delta 
export pwnping. 

Mokelumne River Channel Flows 

Mokelumne River channels are located in the north­
east portion of the Delta. The inflow from the Moke­
lumne and Cosumnes Rivers (the major proportion of 
eastside streamflow) combines with DCC and Georgiana 
Slough flows. The North and South Forks of the Moke­
lumne River channel split just downstream of the DCC 
and rejoin just upstream of Georgiana Slough at the 
northwest comer of Bouldin Island. The mouth of the 
Mokelumne River at the San Joaquin River carries most 
of the Mokelumne River outflow. Little Potato Slough 
connects the South Fork of the Mokelumne River with 
Potato and Little Connection Sloughs, which join the San 
Joaquin River channel at Venice Island. Disappointment 
and Fourteenmile Sloughs also connect with the San 
Joaquin River farther upstream. 

Figure B 1-35 shows the simulated monthly average 
Mokelumne River outflows for historical Delta inflows 
and exports for water years 1967-1991. Mokelumne 
River outflow is the swn of flow in the North and South 
Forlcs of the Mokelumne River and in Georgiana Slough. 
Most Mokelumne River outflow originates from DCC 
and Georgiana Slough diversions from the Sacramento 
River. During periods of high runoff, the eastside 
streams contribute substantial inflow. During high Sacra­
mento River flow, the DCC gates are normally closed. 

Although DCC and Georgiana Slough diversions 
from the Sacramento River are not changed substantially 
by Delta exports, the distribution of flows in the Moke­
lumne River channels that connect with the San Joaquin 
River depend on the unmet export flows. Figure B1-36 
illustrates simulated relationships between unmet export 
flows and proportions ofMokelumne River outflow in the 
connecting channels. Channel flow relationships shift 
during periods of excess San Joaquin River inflow to the 
Delta (i.e., San Joaquin inflow greater than export pwnp­
ing). During normal periods with positive unmet exports 
(i.e., central Delta water flowing toward the Delta export 
pumps), the Mokelumne River channel carries about 
65% of the total Mokelumne River outflow (Figure B1-
36). 

Little Connection Slough carries a greater fraction of 
the Mokelumne River outflow as the magnitude of the 
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unmet export pwnping increases. Little Connection 
Slough conveys water southward from the east end of 
Bouldin Island toward the mouth of Middle River in the 
central Delta. When unmet export values are low, Little 
Connection Slough carries about 15% of the Mokelumne 
River outflow toward the Delta export pwnps. When 
unmet export values are high, Little Connection Slough 
carries about 25% of the Mokelumne River outflow. 

In contrast to the pattern for Little Connection 
Slough, Potato Slough carries a smaller fraction of the 
Mokelwnne Rivez- outflow as the magnitude of the unmet 
export pumping increases. Potato Slough conveys water 
westward along the south edge of Bouldin Island toward 
the mouth of Old River in the central Delta. About 15% 
of the Mokelumne River outflow flows through Potato 
Slough at low unmet exports values, but this fraction is 
reduced to less than 5% at high unmet export values. 
Flow is shifted from Potato Slough to Little Connection 
Slough as the unmet export amount increases. 

Disappointment Slough carries between 5% and 
100/o of the Mokelumne River outflow. Fourteenmile 
Slough carries a small fraction of the Mokelumne River 
outflow when unmet export values are high. 

Little Connection Slough acts as a side channel for 
the San Joaquin River and its flows can reverse during 
high San Joaquin River flows (Figure BI-36). At high 
San Joaquin River inflows, water moves from the San 
Joaquin River upstream into Fourteenmile Slough and 
back out through Disappointment Slough. Similarly, San 
Joaquin River water can move into Little Connection 
Slough and back out through Potato Slough. During most 
conditions, however, these channels transport a fraction 
of the Mokelwnne River outflow to the San Joaquin River 
in the central Delta. 

Source Tracking of Historical 
Delta Inflows 

1he RMA Delta model was used to track water from 
each inflow source as it moved through the Delta. An 
inflow source can be identified at any model node. The 
RMA model used a series of "nwnerical dye" tracers to 
track the contribution of each Delta water source. A 
constant inflow concentration of the tracer (i.e., I ,000 
parts per million [ppm]) was specified at the source to be 
tracked, and the concentrations at the end of each month 
at other Delta locations indicate the relative contribution 
of the water from that source. 

Delta inflow water sources consist of the Sacramento 
River, San Joaquin River, eastside streams, Yolo Bypass, 
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Delta agricultural drainage, salinity intrusion from the 
Benicia boundary, and DW project island discharges. 
Net rainfall (minus evaporation) was not tracked but was 
Iepiesentf:d by small "missing" fractions in the swn of the 
other source contributions. The results of the RMA 
source tracking simulations were incorporated in the 
DeltaDWQ assessment model (Appendix C4, "Delta­
DWQ: Delta Drainage Water Quality Model"). 

The purpose of describing the source of water at 
important Delta locations is to: 

• provide a description of how water from each 
inflow moves through the Delta, 

• describe a general method for simulating the 
movement of salts and passive fish life stages 
through. the Delta channels, and 

• demonstrate how DW project releases into 
Delta channels may replace other sources of 
water at the Delta export or outflow locations. 

Selected Locations for Describing Source Tracking 

Five Delta locations were selected for describing the 
tracking ofDelta water sources: Chipps Island, Antioch, 
the CCWD Rock Slough intake, SWP Banks Pwnping 
Plant, and CVP Tracy Pwnping Plant. The monthly 
contributions from inflow sources at each of these loca­
tions were simulated by the RMA model based on the 
(DA YFLOW) historical Delta inflow and export record 
for 1967-1991. The reasons these locations were selec­
ted are discussed below. 

Water at Chipps Island represents the combined 
Delta outflow from all possible water sources, and source 
contributions of Chipps Island represent the mixture of 
water flowing into Suisun Bay. Sacramento River and 
Yolo Bypass inflow will usually dominate source contri­
butions at Chipps Island. Contributions from other 
sources, including salinity intrusion from Benicia, can be 
important at Chipps Island, however. 

Water at Antioch represents combined San Joaquin 
River outflow from the central Delta and includes some 
portion of Sacramento River diversions through the DCC, 
Georgiana Slough, and Threemile Slough. Eastside 
streams and San Joaquin River inflows contribute directly 
to source contributions at Antioch. Delta agricultural 
drainage may contribute a substantial percentage of the 
water at Antioch. Salinity intrusion from Benicia can be 
important at Antioch during periods of low Delta outflow. 
1he water supply intake for the City of Antioch is located 
here. 

Appendix B 1. Hydrodynamic Modeling 

September 1995 



1be three major Delta export/diversion locations are 
generally in the southwest portion of the Delta but may 
have slightly different source contribution patterns be­
cause of their different locations and intake configur­
ations. The CCWD intake is at the end of Rock Slough, 
which cormects to Old River south of Holland Tract. The 
SWP Banks Pumping Plant draws water from Clifton 
Court, which connects to Old River near Coney Island 
with a tidal gate that is usually open during high tides. 
The CVP Tracy Pumping Plant connects to Old River 
just south of the entrance to Clifton Court. Each of these 
locations was therefore considered separately in the RMA 
Delta model source tracking simulation. 

Table Bl-5 gives the simulated monthly average 
source contributions from the Benicia boundary (repre­
senting salinity intrusion), the Sacramento River, Yolo 
Bypass, the San Joaquin River, the eastside streams, and 
Delta agricultural drainage at the CCWD diversion and 
SWP and CVP export locations for historical inflows and 
exports (presented in Table Bl-3) for water years 1968-
1991. Hydrologic variation accounts for the majority of 
fluctuations in these simulated source contributions. The 
patterns of source water contribution at each location 
depends on the relative source flows and the Delta chan­
nel configuration, as described in the next sections. 

Source Tracking Simulation Results 

The RMA simulations of historical source contri­
butions indicated that some of the source contributions 
were different at the CCWD intake and SWP and CVP 
export locations (Table Bl-5). For example, the sea­
water intrusion effects were simulated by the RMA Delta 
model to be slightly higher at the CCWD intake. San 
Joaquin River source contributions were simulated to be 
generally higher at the CVP location. Agricultural drain­
age effects were often simulated to be higher at the 
CCWD intake. However, the basic patterns of source 
contributions at the three locations were similar. 

1be following example calculations from the simula­
tions of historical conditions_and Alternative 1 are de­
scribed to illustrate the simulated source contributions 
(see Table Bl-5). During August 1968, the simulated 
historical south Delta diversions totaled 7,559 cfs, 
consisting of 194 cfs of CCWD diversions, 775 cfs of 
SWP pmnping, 3,909 cfs ofCVP pumping, and 2,682 cfs 
of agricultural diversions (assuming that these represent 
65% of total Delta agricultural diversions with an 
irrigation efficiency of70% ). During the saine month the 
simulated water from south Delta sources totaled 1 ,994 
cfs, consisting of 707 cfs of San Joaquin River inflow, 
138 cfs of eastside stream inflow, and 1,149 cfs of 
agricultural drainage (30% of diversions). The average 
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export source contribution calculations assumed that the 
south Delta sources are fully mixed by tidal flows and that 
each diversion will have the same source contributions. 

Because the simulated source rates are less than the 
diversion rates, additional water from the Sacramento 
River (5,565 cfs) would be required to satisfy the 
diversions. The source contribution is calculated as the 
source flow divided by the total diversion flow. The 
agricultural drainage of 1,149 cfs would contribute 
15.2% of the total diversion flow. The San Joaquin River 
flow of 707 cfs would contribute 9.4% of the total 
diversion flow. The estimated Benicia contribution 
(salinity intrusion) was about 0.5%, with an effective 
outflow of about 5,500 cfs. The remainder of the water 
would come from eastside streams (2.0%) and Sacra­
mento River inflow (73.6%). 

Chipps Island 

Figure B 1-37 shows simulated monthly average 
contributions of the Sacramento River, Yolo Bypass, San 
Joaquin River, eastside streams, agricultural drainage, 
and salinity intrusion from Benicia at Chipps Island for 
water years 1967-1991. Separate panels in the figure 
show percentages of water from the different inflow 
sources at Chipps Island. All percentages shown for a 
single month sum to 1 000/o of the water at Chipps Island. 

As expected, the Sacramento River is the dominant 
water source most of the time at Chipps Island. Yolo 
Bypass, San Joaquin River, and eastside streams con­
tribute episodically during periods of high inflows. Agri­
cultmal drainage contributes seasonally at Chipps Island, 
but the drainage is usually less than 2% of the Delta 
outflow. Seawater intrusion from Benicia is a significant 
source of water at Chipps Island during periods of low 
Delta outflow. Even small Benicia water source contri­
butions can have a very large effect on the simulated salt 
concentrations (see Appendix B2, "Salt Transport 
Modeling Methods and Results for the Delta Wetlands 
Project"). 

RMA model results for the historical 1967-1991 
Delta inflows and exports suggest that the average con­
tribution at Chipps Island from the Sacramento River was 
71.6%, Yolo Bypass contributed about 4.1%, the San 
Joaquin River contributed an average of 3.8%, eastside 
streams contributed about 2.1 %, agricultural drainage 
contributed 1.3%, and water from the Benicia boundary 
contributed 16.1 %. A small percentage of rainfall ( 1.1%) 
was not tracked with the RMA model. 
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Antioch 

Figure B 1-38 shows the simulated monthly average 
contributions from the seven tracked sources at Antioch. 
The Sacramento River is the dominant source of water at 
Antioch, even though Antioch is located along the lower 
San Joaquin River. Sacramento River water diverted 
through the DCC, Georgiana Slough, and Threernile 
Slough provides the Sacramento River source contri­
bution at Antioch. The Sacramento River is the dominant 
source contribution most of the time. The episodic con­
tributions from the San Joaquin River and eastside 
streams are proportionally larger at Antioch than at 
Chipps Island. 

Yolo Bypass and seawater intrusion from Benicia 
have smaller contributions at Antioch than at Chipps 
Island. Contributions from agricultural drainage are 
larger at Antioch than at Chipps Island because most of 
the agricultural drainage at Antioch is from the Delta 
lowlands (as described in Appendix C4, "DeltaDWQ: 
Delta Drainage Water Quality Model"). 

For the historical Delta inflows and exports for 
1967-1991, the average contribution at Antioch from the 
Sacramento River was 78.2%, Yolo Bypass contributed 
about 2.0%, the San Joaquin River contributed an aver­
age of 8.1%, eastside streams contributed about 5.0%, 
agricultural drainage contributed 2.3%, and water from 
the Benicia boundary contributed 4 .I% (calculated from 
the salinity simulations). The Yolo Bypass contribution 
at Antioch was less than at Chipps Island. The reduced 
Benicia boundary contribution allowed the other inflow 
sources to contribute higher percentages at Antioch than 
at Chipps Island. 

CCWD Rock Slough Intake 

Figure B 1-39 shows the simulated monthly average 
contributions of the tracked Delta inflow sources at the 
CCWD Rock Slough intake. The Sacramento River is 
the dominant source most of the time, often supplying 
800/o-90% of CCWD exports. During periods of high 
San Joaquin River inflow, alarge portion of the CCWD 
exports are contributed by the combination of flows from 
the San Joaquin River and eastside streams. The Sacra­
mento River contribution is reduced during high Sacra­
mento River inflows because the DCC is closed. Agri­
cultural drainage contributions are moderately high 
( 10%) during the irrigation season each year and can be 
extremely high (40%-50%) during winter drainage 
periods as a result of excess rainfall and salt leaching 
practices. 
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Table B 1-5 shows the monthly source contributions 
at CCWD Rock Slough intake for 1968-1991. For the 
historical Delta inflows and exports for 1967-1991, the 
simulated average contribution at the CCWD intake from 
the Sacramento River was 62.3%, Yolo Bypass contri­
buted 0%, the San Joaquin River contributed an average 
of21.3%, eastside streams contributed about 5.6%, agri­
cultural drainage contributed about I 0.1 %, and water 
from the Benicia boundary contributed 0.2%. 

SWP Banks Pumping Plant 

Figure B 1-40 shows the simulated monthly average 
contributions of the Delta inflow sources at the SWP 
Banks Pumping Plant. The Sacramento River contri­
buted most of the water for SWP exports most of the 
time, but the episodic contributions from the San Joaquin 
River and eastside streams are greater than for CCWD 
diversions. Agricultural drainage is not as large a source 
of SWP exports as it is of CCWD diversions, contri­
buting about 5% during the irrigation season and about 
15% during wet winter periods. Yolo Bypass contri­
butions are very small because when Yolo Bypass flows 
are high (during wet periods), San Joaquin and Sacra­
mento inflows are high also and there is no pathway for 
Yolo Bypass water to move toward the exports. The 
average simulated contribution from the Benicia boun­
dary is only about 0.1 %. 

Table B 1-5 shows the monthly source contributions 
at SWP Banks Pumping Plant for 1968-1991. For the 
historical Delta inflows and exports for 1967-1991, the 
simulated average contribution to the SWP Banks Pump­
ing Plant from the Sacramento River was about 54.9%, 
Yolo Bypass contributed 0%, the San Joaquin River 
contributed an average of35.0%, eastside streams contri­
buted about 5.4%, agricultural drainage contributed about 
4.2%, and water from the Benicia boundary contributed 
0.1%. 

CVP Tracy Pumping Plant 

Figure B 1-41 shows the simulated monthly average 
contributions of the Delta inflow sources at the CVP 
Tracy Pumping Plant. Because of the direct connection 
between the San Joaquin River and the CVP pumps at 
Tracy, Old River diversions supply most of the CVP 
exports when San Joaquin inflows are sufficient. During 
many months, however, San Joaquin River inflow is 
limited, and the Sacramento River contributes 60%-80% 
of the CVP Tracy Pumping Plant exports. The eastside 
streams contribute less to CVP exports than to SWP 
exports because the eastside streams enter the central 
Delta and eastside stream water is transported down 
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Middle River and Old River to the export locations. The 
agricultural drainage contribution is similar, but is 
slightly higher for CVP exports than for SWP exports. 

Table Bl-5 shows the monthly source contributions 
at CVP Tracy Pumping Plant for 1968-1991. For the 
historical Delta inflows and exports for 1967-1991, the 
simulated average contribution to the CVP exports at 
Tracy from the Sacramento River was about 39.0%, Yolo 
Bypass contributed 00/o, the San Joaquin River contri­
buted an average of 52.00/o, eastside streams contributed 
about 2. 7%, agricultural drainage contributed about 
5.9%, and water from the Benicia boundary contributed 
0.1%. 

VARIABLES FOR MEASURING 
HYDRODYNAMIC EFFECI'S 

OF DW OPERATIONS 

Assessment of the Delta hydrodynamic impacts of 
DW project operations was accomplished by considering 
hydrodynamic variables in the Delta and selecting those 
that could possibly be changed or influenced by DW 
operations. These selected "impact variables" were then 
described and analyzed with the RMA Delta model to 
determine whether significant changes from conditions 
under the simulated No-Project Alternative would likely 
occur with any proposed DW operations. 

The Delta hydrodynamic variables considered in the 
selection of impact variables included a wide range of 
possible hydrologic and ti~al effects, some of which were 
determined from RMA model simulation results to be 
outside the influence of DW project operations. The 
evaluation of possible impact variables recognized that 
the basic hydrologic conditions in the Sacramento and 
San Joaquin River basins and tidal fluctuations from San 
Francisco Bay are beyond the control of any proposed 
DW operation. 

Possible Hydrudynamic 
Impact Variables 

The following general types of Delta hydrodynamic 
variables might be affected by proposed DW operations 
and these were selected as the response variables: 

• Delta tidal hydraulics that result from changes 
in tidal prism volume caused by flooding or 
diking of tidal wetlands, changes in channel 
geometry, or changes in the operation of tidal 
gates or major siphons; 
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• Delta inflows that result from changes in up­
stream reservoir operations or water transfers to 
the DW islands; 

• Delta exports that result from changes in 
pumping limitations (physical or regulatory), 
export demands, Delta inflows, Delta water 
quality standards, or required minimum Delta 
outflows; 

• Delta outflows that result from changes in re­
quirements for minimum outflows, Delta in­
flows, Delta exports, or net in-Delta diversions; 

• Delta channel net flows, including QWEST 
flows, that respond to changes in Delta inflows, 
diversions, and exports; modified operations of . 
Delta facilities (the DCC, Clifton Court Fore­
bay, and Suisun Marsh salinity control gate); 
and modified channel conveyance capacities 
that might be affected by dredging, widening, 
clearing, cutting of new Delta channels.. or 
installation of barriers or by different hydraulic 
gradients (water surface slope); and 

• Delta source contributions that respond to 
changes in DW diversions and discharges. 

These selected impact variables are summarized in 
Table B 1-6, with the method of analysis and assessment 
and the Delta locations selected to represent possible 
hydrodynamic effects ofDW operations. Possible effects 
ofDW operations on each response variable are briefly 
described below. 

Delta Tidal Hydraulics 

The DW project might change Delta tidal hydraulics 
in local channels adjacent to proposed DW siphons or 
discharge pmnps. These possible effects were evaluated 
with RMA Delta model simulations of tidal flow, velo­
city, and stage with typical Delta inflow and Delta export 
conditions that would allow maximum DW diversions or 
discharges. Simulations of tidal hydraulics during 
periods of maximum diversion and discharge were 
analyzed for Delta channels surrounding each DW island 
(Bacon Island, Bouldin Island, Holland Tract, and Webb 
Tract). Results of these simulations are discussed later in 
this appendix. 

Delta Inflow 

The DW project might affect Delta inflow through 
changes in the upstream storage and release patterns of 
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reservoirs operated by the CVP, the SWP, or other water 
agencies that might transfer water to and/or from the DW 
islands. DW project operations could not cause changes 
in long-term average Delta inflow but might influence the 
monthly pattern of inflow released from upstream reser­
voir storage. For purposes of this EIRIEIS, however, 
potential changes in Delta inflow conditions have not 
been simulated. Appendix AI, "Delta Monthly Water 
Budgets for Operations Modeling of the Delta Wetlands 
Project", describes the assumed Delta inflows that were 
simulated by DWRSIM for the selected No-Project 
Alternative conditions. 

Potential operations of the DW project depend 
directly on Sacramento and San Joaquin River inflows. 
Figure Bl-42 shows simulated monthly inflows for the 
Sacramento and San Joaquin Rivers for the No-Project 
Alternative for water years 1967-1991. Historical in­
flows are shown as a reference baseline for understanding 
the No-Project Alternative conditions. 

Delta Export 

The DW project would change Delta export by 
providing an additional source of water. Possible effects 
of an additional water source on Delta exports have been 
analyzed for unspecified water supply destinations with 
the DeltaSOS model, as described in Appendix A3. The 
effects of these possible export changes on Delta channel 
flows were simulated with the RMA Delta model and are 
described in this appendix. Figure B 1-42 shows monthly 
combined SWP and CVP exports for water years 1967-
1991 for the No-Project Alternative, with the historical 
export conditions shown as a reference baseline. Differ­
ences between values for the No-Project Alternative and 
historical conditions are explained below under "Simu­
lation Results for the No-Project Alternative" in the 
section "Simulated Effects ofDW Operations on Delta 
Channel Flows and Source Contributions". 

Delta Outflow 

The DW project would change Delta outflow by 
diverting water for seasonal storage during periods of 
excess Delta inflows, or by discharging some or all of the 
stored water for increased Delta outflow to potentially 
benefit fish and estuarine habitat conditions later in the 
year during periods of lower Delta outflow. Possible 
effects on Delta outflows have been analyzed for a variety 
of assumed DW project operations with the DeltaSOS 
model, as described in Appendix A3. The effects of these 
outflow changes on Delta channel flows were simulated 
with the RMA Delta model and are described in this 
appendix. Figure Bl-43 shows simulated monthly Delta 
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outflow at Chipps Island for the No-Project Alternative 
for water years 1967-1991, with historical outflow con­
ditions shown for reference. Differences between values 
for the No-Project Alternative and historical conditions 
are explained below under "Simulation Results for the 
No-Project Alternative". 

Delta Channel Net Flow 

The DW project would change flows in some Delta 
channels because diversions to and discharges from the 
DW islands would be modified from No-Project Alterna­
tive agricultural operations. Changes in diversion and 
discharge from no-project conditions include: 

• reduced agricultural diversions, 

• increased riparian or appropriative diversions 
for waterfowl habitat flooding, 

• diversion of excess Delta inflow for seasonal 
storage, and 

• discharge of seasonal storage to increase Delta 
export and/or increase Delta outflow. 

DW operations would also modify hydraulic gra­
dients in some Delta channels. During the diversion 
period, lowered stage levels at the DW siphons may 
cause tidal flows in several central Delta channels to shift 
slightly. During the discharge period, increased stage at 
the DW discharge locations may cause tidal flows in Old 
and Middle Rivers and their connecting canals to shift 
slightly. The effects ofDW diversions and discharges on 
Delta channel flows were simulated with the RMA Delta 
model and are described in this appendix. Potential 
channel scour effects of DW project operations are 
discussed in Chapter 3D, "Flood Control". 

Figure Bl-43 shows monthly diversions from the 
Sacramento River through the DCC and Georgiana 
Slough to the central Delta for the No-Project Alternative 
and for historical conditions. Figure B 1-43 also shows 
central Delta outflow (QWEST flow) downstream of the 
Mokelumne River for the No-Project Alternative and for 
historical conditions. Simulated DCC and Georgiana 
Slough flows depend on Sacramento River inflow and are 
not substantially affected by exports, whereas the central 
Delta outflow (QWEST flow) is reduced by exports. 

Figure B 1-44 shows Delta channel flows at three 
locations that have been selected to describe the overall 
effects of the DW project operations on Delta hydro­
dynamics: 
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• San Joaquin River flow at Antioch includes net 
Delta outflow from the central Delta, along with 
Threemile Slough flow from the Sacramento 
River. 1bis flow is almost the same as the flow 
that will be measured by the USGS UVM 
stations at Jersey Point and Dutch Slough 
(Antioch flow also includes Dutch Slough 
flow). 

• Threemile Slough flow represents flow between 
the Sacramento River near Emmaton and the 
San Joaquin River near Bradford Island, up­
stream of Jersey Point and False River. Three­
mile Slough flows are influenced by Sacra­
mento River flow and San Joaquin River flows 
from the central Delta (QWEST flow). Closure 
of the DCC increases Threemile Slough flow 
because Sacramento River flows are increased 
and QWEST flows are reduced (see Figure B 1-
27). 

• Old River flow at Bacon Island indicates flow in 
Old River past Bacon Island and Holland Tract. 
Negative flows indicate that net flow is moving 
toward the Delta exports pumps. The Old 
River channel carries approximately half the 
total net flow toward the export pumps. The 
remainder flows in Middle River on the east 
side of Bacon and Victoria Islands. Because 
flows in Old and Middle Rivers are about the 
same, Old River flow is assumed to also 
rej,resent Middle River flow. Most periods of 
historical positive flows in Old River (i.e., 
downstream and northward) are reduced or 
eliminated in the No-Project Alternative simu­
lations because of greater simulated exports. 

The sum of Old River and Middle River channel 
flows, if positive, is the excess San Joaquin River diver­
sions to the head of Old River flowing past the export 
pumps toward the central Delta. The sum of these 
channel flows, if negative, is the net flow from the central 
Delta to the export pumps. Because the DW project 
islands are in the central Delta, DW operations would 
directly affect one or more of these selected channel 
flows. DW diversions would reduce Antioch flows, 
increase Threemile Slough flows, and increase reverse 
flows in the lower Old and Middle River channels. DW 
discharges for export would increase Old and Middle 
River flows toward the export pumps. 

Delta SouNe Contributions 

The DW project might change the pattern of source 
contributions of water at Delta exports or in Delta out-
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flow by diverting water that would otherwise have been 
transported to other locations, specifically to the Delta 
export pumps and Delta outflow. During the discharge 
period, the DW seasonal storage facilities would supply 
a new source of water that might replace other inflow 
sources to Delta exports or Delta outflow. Historical 
source contributions were simulated using the water 
quality module of the RMA Delta model as described in 
Appendix B2, "Salt Transport Modeling Methods and 
Results for the Delta Wetlands Project". The possible 
effects ofDW operations on simulated Delta source con­
tributions are described in this appendix, however, 
because these source contributions are determined by 
hydrodynamic processes. These source contribution 
changes were incorporated into the DeltaDWQ assess­
ment model (Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Model"). 

MAXIMUM HYDRODYNAMIC EFFECfS 
ON LOCAL CHANNEL FLOWS, 

VELOCITIES, AND STAGES 

Direct effects ofDW project operations during filling 
and discharge operations would be greatest in Delta 
channels surrounding the DW project islands. Effects of 
the maximum possible proposed diversion rates and 
discharge rates on tidal hydraulics in Delta channels 
swrounding the DW project islands were simulated with 
the RMA Delta hydrodynamic model. These conditions 
would occur at the beginning of diversions or discharge 
periods; average hydrodynamic effects during the entire 
diversion or discharge period would be smaller because 
the diversion and discharge rates decline as the DW 
reservoir islands are filled or emptied. 

For the tidal simulations of maximum DW filling 
operations, Delta inflows and exports were specified to 
produce maximum expected flows and velocities in Delta 
channels during a high inflow period. The proposed DW 
diversion rate would be limited to a daily maximum of 
9,000 cfs for all alternatives evaluated; this rate would 
decrease as the reservoir islands are filled and head 
differential decreases. 

For the tidal simulations of maximum DW discharge 
operations, Delta inflows were specified to produce 
maximum expected flows and velocities in Delta chan­
nels during a typical DW discharge period. Exports were 
set at 5,000 cfs to allow an additional export of 6,000 cfs 
of water discharged from the DW project. Table Bl-7 
lists the assumed Delta flows and exports for simulations 
of maximum DW diversion effects and Table Bl-8lists 
the assumed and simulated Delta channel flows for 
maximum DW discharge effects. 
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Hydrodynamics during Muimum 
DW Divenions 

Simulated Hydrodynamic Changes 

Hydrodynamic changes caused by maximwn DW 
project diversions would not persist throughout an entire 
diversion period of several weeks. After the first few 
days of diversions, hydrodynamic effects would decrease 
as siphoning rates decreased during filling in response to 
decreasing head differential. 

Simulated net Delta channel flows under maximwn 
flow conditions specified for a typical diversion period, 
but without the DW project, are shown in Figure B l-4S. 
The simulated Sacramento River inflow was 80,000 cfs 
to provide the maximwn possible Georgiana Slough flow 
(of about 12,000 cfs) to the central Delta (with the DCC 
closed). San Joaquin River inflow was S,OOO cfs and 
eastside stream inflow was I ,000 cfs. Channel depletion 
was asswned to be 0 cfs. CCWD diversions were set at 
1 SO cfs, North Bay Aqueduct pwnping at SO cfs, CVP 
pumping at approximately 4,200 cfs (winter maximwn), 
and SWP pumping at approximately 8,34S cfs (Table 
B 1-7). The SWP pumping was estimated as 6,680 cfs 
plus one third of the San Joaquin River inflow, as 
specified in the SWP's U.S. Army Corps of Engineers 
(Corps) permit. 

The 199S WQCP would allow a maximwn of 3S% 
of the Delta inflows (30,100 cfs for these river inflows) 
to be exported during February-June and a maximwn of 
6S% to be exported during July-January. The maximwn 
DW diversions of9,000 cfs is asswned to be included in 
the specified percentage for exports. The maximwn DW 
diversions with maximwn SWP and CVP exports (of 
approximately 12,900 cfs) could occur with a combined 
river inflow of about 61 ,000 cfs during those months 
under the 35% inflow criterion. Maximwn DW diver­
sions could occur with a combined river inflow of about 
32,000 cfs during months with an inflow criterion of 
6S%, assuming that outflow and channel depletion would 
be satisfied with the 11 ,200 cfs (3 5% of inflow) reserved 
for these purposes. -

The maximwn DW diversions would occur at four 
siphon stations with capacities of 2,2SO cfs each. Two 
stations are on Bacon Island, one on Middle River and 
one on Old River. 1be other two are on Webb Tract, one 
on the San Joaquin River and the other on False River 
adjacent to Franks Tract. Proposed DW ·project filling 
would cause greatest hydrodynamic changes in Delta 
channels adjacent to the DW project islands in the central 
Delta. The simulated effects of proposed project 
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diversions adjacent to each DW island are described 
below. 

Table Bl-7 lists the net flows in each major Delta 
channel simulated for the typical diversion period, with 
and without the maximwn DW diversions of 9,000 cfs 
(4,500 cfs to Bacon Island and 4,SOO cfs to Webb Tract). 
Figure Bl-4S shows the directions of these net flows in 
the major Delta channels without DW diversions. The 
Sacramento River provides the largest Delta inflow, and 
diversions from the Sacramento River to the San Joaquin 
River and south toward Delta export pwnps are of 
interest for evaluating effects on fisheries (see Chapter 

· 3F, "Fishery Resources"). 

Bl-23 

An extreme tidal stage record for Benicia was used 
in these simulations to approximate maximwn tidal flows. 
The total Delta inflows were 86,000 cfs, and the total 
Delta exports were 12,74S cfs, so the net outflow at 
Benicia was 73,255 cfs. 

1be simulated Georgiana Slough diversion flow was 
about 12,220 cfs without the DW diversions and in­
creased by only 45 cfs with the maximwn DW diversions 
(O.S% change). The simulated DCC flow was 0 cfs 
because the DCC would be closed at this high Sacra­
mento River inflow rate (80,000 cfs). Flow at the mouth 
of the Mokelumne River was 8, 78S cfs, and the re­
mainder of the Georgiana Slough flow (and Mokelumne 
River inflow of700 cfs) entered the San Joaquin River 
channel through Potato, Little Connection, and Disap­
pointment Sloughs. 

The San Joaquin River inflow at Vernalis was S,OOO 
cfs and the simulated diversion at the head of Old River 
was about 3,369 cfs, so the simulated San Joaquin River 
flow past Stockton was 1,630 cfs. Some of the San 
Joaquin River flow entered Empire (Turner) and Co­
lwnbia Cuts and the mouth of Middle River and moved 
toward the export pwnps and Bacon Island DW diver­
sions. Middle River flow at Colwnbia Cut increased 
from about 4,888 cfs to 7,197 cfs (2,309-cfs increase) 
with maximwn DW diversions of 2,250 cfs from Middle 
River onto Bacon Island. Empire Cut flow increased 
from 9S 1 cfs to about 1,169 cfs (218-cfs increase) with 
the maximwn DW diversions. Flows in Middle River 
south of the Bacon Island diversion were not significantly 
changed. 

The flow from the mouth of Old River into Franks 
Tract increased from about S,687 cfs to 6,978 cfs (I ,290-
cfs increase) with maximwn DW diversions. Flows in 
Old River south of the Bacon Island diversion were not 
significantly changed. 
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Webb Tract maximum diversions of 4,500 cfs were 
supplied from the San Joaquin River channel opposite the 
Mokelwnne River mouth and from False River and 
Franks Tract The maximum DW diversions of 9,000 cfs 
were supplied by reduced outflow from the central Delta. 
San Joaquin River flow north of Webb Tract was reduced 
by6,014 cfs,from about 3 .. 324 cfs to -2,690 cfs (reversed 
upstream flow), with the maximum DW diversions. 
False River flow from Franks Tract was reduced by 
2,834 cfs, from about 2,278 cfs to -556 cfs. Dutch 
Slough flow was reduced by 323 cfs, from 432 cfs to 110 
cfs, by the maximum DW diversions. 

The reduced central Delta outflow caused flow 
changes in Threemile Slough, in the San Joaquin River at 
Antioch. and at Chipps Island and Montezuma Slough. 
Threemile Slough flows from the Sacramento River 
increased by 2,879 cfs, from about 1 5,01 5 cfs to 17,894 
cfs, with the maximum DW diversions. Antioch flow 
was reduced by 6,077 cfs, from 20,541 cfs to 14,465 cfs, 
with maximum DW diversions. The increased Georgiana 
Slough and Threemile Slough diversions to the San 
Joaquin River and the reduced San Joaquin River flows 
at Antioch (45 + 2,879 + 6,077 = 9,001 cfs) account for 
the water supply for maximum DW diversions. 

Delta outflow past Chipps Island was reduced by 
about 8,780 cfs, from 70,357 cfs to about 61,577 cfs, 
with maximum DW diversions. Montezuma Slough net 
flow (with the tidal gate operating) was reduced by about 
218 cfs, from 2,896 cfs to about 2,678 cfs, with maxi­
mum DW diversions. The changes in these Delta out­
flows were about equal to the maximum DW diversion of 
9,000cfs. 

The changes in the hourly flow and velocity patterns 
in several major Delta channels are shown below to fully 
disclose the effects of maximum DW diversions on Delta 
hydrodynamics. The major change in flows were simu­
lated to occur in the San Joaquin River channel between 
Antioch and the mouth of Old River. However, because 
the San Joaquin River channel cross-sectional area is 
large, the changes in flow and velocity were quite small 
(as a fraction of tidal flows and velocities). 

A relatively large increase in flow (2,894 cfs) was 
simulated to occur in Threemile Slough with maximum 
DW diversions. The simulated tidal hydraulics for Three­
mile Slough are shown in Figure B 1-46. Simulated tidal 
flows from the Sacramento River to the San Joaquin 
River ranged from about 60,000 cfs to -25,000 cfs. 
Velocities ranged from about 4 ftlsec to about -2 ftlsec. 
The channel cross-sectional area for Threemile Slough is 
therefore approximately 13,500 ft2 (54,000/4 = 13,500). 
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A relatively large reduction in flow was simulated to 
occur in False River with maximum DW diversions. 
However, the tidal flows were quite large, ranging from 
about 50,000 cfs to -50,000 cfs, and the velocities ranged 
from about 2.5 ftlsec to -2.5 ftlsec, with a conveyance 
area of about 20,000 ft2

. 

Relatively large increases in flow were simulated to 
occur in Old and Middle River channels. For example, 
Figure Bl-47 shows the simulated tidal flows and 
velocities in Middle River between Columbia Cut and 
Bacon Island. The tidal flow ranged from 15,000 cfs to 
about -25,000 cfs. The tidal velocity ranged from 0.8 
ftlsec to -1.2 ftlsec. The conveyance area of the Middle 
River channel is therefore about 20,000 ft2

• The net flow 
direction in Middle River was toward the Delta export 
pumps. Maximum DW diversions increased the net flow 
by about 2,309 cfs, but the change in the tidal flow and 
velocity was relatively small (1 0% ). 

Summary of Hydrodynamic Effects during Maxi­
mum DW Diversions 

The hydrodynamic simulation results for maximum 
DW siphoning rates indicate that maximum channel 
flows and velocities would be within the range of con­
ditions normally encountered during tidal fluctuations in 
the Delta channels surrounding the DW project islands. 
Because the maximum DW diversions would occur when 
Delta inflows and exports are relatively high and because 
DW diversions would occur at four separate siphon 
stations located on two islands, the incremental changes 
in tidal stages, flows, and velocities would be relatively 
small. TableBl-7 andFiguresBI-46 andB1-47 indicate 
that maximum DW diversions are not expected to change 
the tidal hydraulics in the Delta channels. 

Hydrodynamics during Maximum 
DW Discharges 

Simulated Hydrodynamic Changes 

Hydrodynamics in the channels surrounding the 
project islands were simulated with maximum DW dis­
charges to estimate maximum expected changes during 
DW project discharge operations for all project alter­
natives. Figure B 1-48 shows simulated net Delta channel 
flows for the hydrodynamic simulations during maximum 
DW discharges, but without the DW project. 

CVP and SWP exports were set at 2,500 cfs each to 
allow maximum DW discharges of 6,000 cfs to be 
exported in the RMA simulations of the No-Project 
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Alternative (Table Bl-8). For simulation ofmaximwn 
DW discharge effects, pwnping at CVP Tracy Pwnping 
Plant was increased to 4,600 cfs (capacity) and at SWP 
Banks Pwnping Plant was increased to 6,400 cfs. 
CCWD diversions were 150 cfs and North Bay Aqueduct 
pwnping was SO cfs. 

Table Bl-8lists the net flows in each major Delta 
channel simulated for the typical discharge period, with 
and without the maximwn DW discharges of 6,000 cfs 
(4,000 cfs from Bacon Island and 2,000 cfs from Webb 
Tract). Figure B 1-48 shows the direction of these net 
flows in the major Delta channels without DW dis­
charges. The Sacramento River provides the largest 
Delta inflow (20,000 cfs), and diversions from the 
Sacramento River to the San Joaquin River and south 
toward Delta export pwnps are of interest for assessment 
of impacts on fisheries (see Chapter 3F, "Fishery 
Resources"). Delta channel depletion was asswned to be 
3,000 cfs. San Joaquin River inflow was 1,000 cfs. The 
DCC was simulated to be open during the maximwn DW 
discharge period. 

Measured tidal stage values at Benicia for a repre­
sentative day with a large tidal fluctuation were used in 
these simulations. The total Delta inflows were 21 ,250 
cfs, and the total Delta exports (without DW exports) 
were 5,200 cfs, with 3,000 cfs ofDelta channel depletion, 
so the expected base Delta outflow was about 13,050 cfs. 
However, the simulated Benicia outflow was 12,220 cfs 
(830 cfs less than expected) and the simulated Delta 
outflow past Chipps Island and in Montezuma Slough 
was I2,480 cfs (570 cfs less than expected). This simply 
means that there was an increase in water elevations dur­
ing the tidal cycle upstream of Chipps Island that reduced 
the net outflow by 570 cfs. In addition, tidal stages be­
tween Chipps Island and Benicia increased during this 
particular tidal cycle, reducing the outflow at Benicia by 
830 cfs. Over a longer time period, the effects of the tidal 
hydraulics on net channel flows would be reduced. 

The simulated Georgiana Slough diversion flow was 
about 2,836 cfs without the DW discharges and did not 
change with maximwn DW discharges for export. The 
simulated DCC flow was-5,810 cfs and also did not 
change with maximwn DW discharges. Flow at the 
mouth of the Mokelumne River was 5,408 cfs, and the 
remainder of the simulated DCC and Georgiana Slough 
flow entered the San Joaquin River channel through 
Potato, Little Connection, and Disappointment Sloughs. 

Threernile Slough flow was about 1;592 cfs and did 
not change substantially with maximwn DW discharges. 
Because DW discharges were simulated for export, very 
little change in Delta channels located "downstream" of 
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Bacon and Webb Tract was caused by maximwn DW 
discharges. 

The San Joaquin River inflow at Vernalis was I ,000 
cfs and the simulated diversion at the head of Old River 
was about 8I3 cfs, so the simulated San Joaquin River 
flow past Stockton was I87 cfs (3%). Diversions at the 
head of Old River increased to I ,089 cfs with maximwn 
DW discharges, indicating a slight reverse flow of -89 cfs 
in the San Joaquin River at Stockton. The increased 
export pwnping of 6,000 cfs caused about 276 cfs to be 
drawn from the San Joaquin River at the head of Old 
River. San Joaquin River flow downstream of the mouth 
of Old River was not changed by maximwn DW dis­
charges. 

Maximwn DW discharges of 2,000 cfs from Webb 
Tract (into False River and Franks Tract) and 4,000 cfs 
from Bacon Island (into Santa Fe Cut) would change 
flows in Old and Middle River channels. Middle River 
flow at Victoria Canal (south of Bacon Island discharge 
pumps) increased from about I,70I cfs to 3,605 cfs 
(1,904-cfs increase) with maximwn DW discharges. 
Middle River flows north of Bacon Island were increased 
by about 474 cfs from maximwn DW discharges from 
Webb Tract. 

Flow near the mouth of Old River into Franks Tract 
was reduced from about 3,270 cfs to 2,486 cfs (about a 
785-cfs reduction) with maximwn DW discharges. This 
flow moves down the San Joaquin and Middle River 
channels to the export pwnps. Reverse flows in Old 
River south of Woodward Canal were increased from 
about 3,230 cfs to about 7,049 cfs (3,819-cfs increase) by 
maximwn DW discharges for export. 

The changes in the tidal flow and velocity patterns in 
several major Delta channels are shown below to fully 
disclose the effects ofmaximwn DW discharges on Delta 
hydrodynamics. The major change in flows were simu­
lated to occur in the Old and Middle River channels be­
tween Webb Tract or Bacon Island and the SWP Banks 
and CVP Tracy export pwnps. 

Because the Bacon Island discharge pwnps would be 
located along Santa Fe Cut, the simulated tidal flows and 
velocities at both ends of Santa Fe Cut were substantially 
increased. Tidal flows without DW discharges ranged 
from 2,000 cfs to -I ,000 cfs, with a net flow of 424 cfs 
from Middle River to Old River. Simulated tidal 
velocities ranged from 0.5 ftlsec to -0.5 ftlsec without 
DW discharges. The maximwn DW discharges of 4,000 
cfs from Bacon Island increased the flow at both ends of 
Santa Fe Cut by about 2,000 cfs. Maximwn DW 
discharges increased the tidal velocities by about 0.5 
ftlsec at both ends of Santa Fe Cut. 
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Figure Bl-49 shows the simulated tidal flows and 
velocities in Middle River south of Bacon Island at 
Victoria Canal. Tidal flows ranged from 4,000 cfs to 
about -8,000 cfs without maximum DW discharges. The 
tidal velocities ranged from about I ftlsec to -1.8 ftlsec 
without maximum OW discharges. The maximum DW 
discharges were simulated to increase flows toward the 
expert pumps by between I ,000 cfs and about 4,000 cfs 
and to increase velocities by between 0.2 ftlsec and about 
0.8 ftlsec, depending on the tidal hydraulics. 

Figure Bl-50 shows the simulated tidal flows and 
velocities in Old River south of Woodward Canal. The 
simulated tidal flows ranged from about 8,000 cfs to 
-14,000 cfs without maximum OW discharges. The tidal 
velocities ranged from about I ftlsec to -1.8 ftlsec without 
maximum DW discharges. The maximwn DW dis­
charges were simulated to increase flows toward the 
expert pumps by between I ,000 cfs and about 4,000 cfs 
and to increase velocities by between 0.2 ftlsec and about 
0.8 ftlsec, depending on the tidal hydraulics. 

Simulated Stage Changes during Maximum DW 
Diveniona·and Discharges 

Table Bl-9 lists simulated channel stages during 
periodsofmaximumDW diversions and discharges. The 
results indicate that stages would not be substantially 
changed by DW operations. The minimum and maxi­
mum stages would be lowered in some channels by as 
much as 0.25 foot (3 inches). However, because these 
south Delta channels normally experience tidal fluctu­
ations of more than 5 feet, this is not considered a sub­
stantial change (5%) for these south Delta channels. 
These simulations did not include DWR's proposed south 
Delta project barriers. These tidal gates are designed to 
help control minimum tidal stages in south Delta chan­
nels and may also reduce the potential effects of DW 
operations on channel stages. 

Measured Tidal Hydraulics in the Old and Middle 
River Channels 

Figure Bl-51 shows the tidal stage measurements 
from the USGS UVM station on Old and Middle River 
on each side of Bacon Island for half the lunar cycle for 
October 17-30, 1987. The tidal stage varied in approxi­
mately the same way at these two locations, indicating a 
nearly flat water surface gradient between these stations. 
The difference between the Middle River stage and the 
Old River stage was usually less than 0.1 foot. The 
variation is produced by the tidal hydraulics in this 
portion of the Delta; Middle River stage is slightly higher 
during falling tides. 
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The largest tidal range was observed on October 26, 
when the low tide was -1.0 foot msl and the high tide was 
about 3.25 feet msl (spring tide). The smallest tidal 
range was observed on October 19, when the low tide 
was about -0.25 foot and the high tide about 2.5 feet 
(neap tide). However, these daily variations in tidal 
fluctuations are moderate, with an average tidal range that 
is similar to the RMA-simulated tidal range of -1.0 foot 
to 2.5 feet msl for the long-term average tidal boundary 
at Benicia (Figure Bl-9). 

The 25-hour moving average tidal stage is also 
shown in Figure B 1-51. The average stage varied from 
about 0.75 foot to about 1.25 feet (maximum during the 
spring tide period). This demonstrates the variations in 
average Delta stage caused by tidal variations in the lunar 
cycle, which may produce a fluctuating tidal component 
of daily average Delta outflow. 

Figure B 1-52 shows the measured tidal flows in Old 
and Middle Rivers during the period of October 17-30, 
1987. The channel flows were quite similar at these two 
locations, with nearly identical flows iit each channel. 
The highest flows correspond to the largest change in 
tidal stage, rather than the highest or lowest tides. The 
flows in both Old River and Middle River fluctuated 
between about -15,000 cfs (flood tide toward the export 
pumps) to about 12,000 cfs (ebb tide toward the bay). 
The 25-hour moving average flow was approximately 
2,500 cfs in each channel, indicating a net combined 
channel flow of about 5,000 cfs moving toward the 
export locations. SWP and CVP exports averaged 5, I 00 
cfs during this period. CVP export pumping is nearly 
constant from Old River. Because the SWP exports are 
diverted from Old River into Clifton Court Forebay on 
high tides, the effects on the tidal flows are not uniform. 

These measured peak tidal flows of about I 0,000 cfs 
(adjusted for 0 net flow) are larger than the peak tidal 
flows simulated with the RMA hydrodynamic model for 
Middle River at Bacon Island without DW discharges 
(Figure Bl-49) and are about the same as the simulated 
peak Old River tidal flows (Figure Bl-50) (adjusted for 
zero net flow). Therefore, these simulated typical tidal 
hydraulics during maximum DW discharge are confumed 
to be representative of actual measured tidal flow 
conditions during October 17-30, 1987. The effects of 
the maximum DW discharges on Old and Middle River 
channel flows are moderate and within the range of 
normal fluctuations of tidal hydraulics in this portion of 
the Delta. 
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Summary of Hydrodynamic Effects during Maxi­
mum Discharges 

The RMA hydrodynamic model results for maximwn 
anticipated DW discharge rates indicate that maximwn 
possible channel flows and velocities are within the range 
of conditions normally encoWltered during tidal fluctua­
tions in the Delta channels surroWlding the DW project 
islands. The comparison with measured tidal flows in 
Old and Middle Rivers confirms that DW discharges will 
not change the range of normal tidal flows. DW dis­
charges will not change the maximwn Delta export 
pumping and therefore will not change the maximwn net 
reverse flows in Old and Middle Rivers. DW discharges 
will change the source of the water but not the maximwn 
flows in Old and Middle Rivers. 

SIMULATED EFFECTS OF DW 
OPERATIONS ON DELTA 
CHANNEL FLOWS AND 

SOURCE CONTRffiUTIONS 

The channel flows and source contributions simu­
lated with the RMA Delta hydrodynamic model for 
historical monthly average inflows and exports for water 
years 1967-1991 were summarized with "channel split" 
and "source contribution" equations that were incor­
porated into the DeltaSOS and DeltaDWQ assessment 
models. This allowed hydrodynamic impact assessment 
of the DW alternatives to be performed for the 70-year 
period of water years 1922-1991 using DeltaSOS without 
the RMA Delta hydrodynamic model being used for the 
entire 70-year period for each alternative. In addition, 
water quality and fishery assessment methods relied on 
the DeltaSOS simulations of channel flows and source 
contributions, which were derived from the RMA Delta 
hydrodynamic simulations of channel flows using the 
1967-1991 historical inflows and exports. 

The No-Project Alternative was the basis of com­
parison for the impact assessments for the EIRIEIS. 
Monthly average Delta channel net flows for each of the 
DW alternatives, including tlie No-Project Alternative, 
were simulated with the DeltaSOS model. The results of 
these simulations are described below for each of the 
impact assessment variables identified in Table Bl-6. 

Simulation Results for the 
No-Project Alternative 

Table Bl-10 presents the asswned monthly Delta 
inflows and simulated monthly exports and channel flows 
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at selected locations for the No-Project Alternative for 
water years 1968-1991. These No-Project Alternative 
conditions can be compared with the historical conditions 
presented in detail above Wlder "Simulations of Monthly 
Average Net Delta Channel Flows Using Historical Delta 
Inflows and Exports" to provide a reference baseline. 
The simulated No-Project Alternative conditions are con­
siderably different from the historical conditions because 
the simulations for the No-Project Alternative were 
performed based on existing demands for SWP and CVP 
exports, which are higher than historical demands, and on 
Delta objectives and requirements that differ from the 
standards that historically governed Delta operations (see 
Appendix A3, "DeltaSOS Simulations of the Delta 
Wetlands Project Alternatives" for an explanation of the 
modeling asswnptions). 

Simulated No-Project Alternative Delta exports are 
generally higher than simulated historical Delta exports 
because of the asswned increase in export demands 
above historical levels (Figure B 1-42). Simulated Delta 
outflows are less for the No-Project Alternative than for 
historical conditions, although the asswned minimwn 
Delta outflows required to satisfy 1995 WQCP objectives 
and carriage-water requirements result in simulated 
outflow that is higher than historical outflow for some 
months of some years. Average annual Delta inflows are 
about the same for historical conditions and the No­
Project Alternative, although the monthly pattern of 
simulated inflows is shifted slightly to satisfY increased 
export demands and minimwn outflow requirements in 
the No-Project Alternative simulations. 

The differences between the simulated DCC and 
Georgiana Slough diversions Wlder the No-Project Alter­
native and historical conditions are related to Sacramento 
River flow and DCC closure criteria being different (see 
Chapter 3A, "Water Supply and Water Project Opera­
tions"). Differences in central Delta outflows (QWEST 
flows) are related to changes in DCC and Georgiana 
Slough diversions and increased Delta exports (Figure 
Bl-43). 

Simulated Delta Channel Flows for the No-Project 
Alternative 

As discussed above Wlder "Possible Hydrodynamic 
Impact Variables", three Delta channel locations were 
selected for analysis of Delta hydrodynamic effects of 
DW project operations. DW project operations would 
most directly modifY channel flows in the San Joaquin 
River downstream of the DW project islands (e.g., 
Antioch), in Threemile Slough, and in Old and Middle 
Rivers between the DW islands and the Delta export 
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pumps. (Old River is used as the selected location 
because flow in the two channels is nearly equivalent.) 

Simulated flows for the No-Project Alternative in the 
San Joaquin River at Antioch are generally less than the 
simulated historical conditions by several thousand cfs 
most of the time (Figure B 1-44 ). Lower San Joaquin 
River net flows in the No-Project Alternative simulation 
are primarily the result of exports being increased in 
comparison with historical conditions, although some 
changes in Sacramento River inflows and diversions 
through the DCC, Georgiana Slough, and Threemile 
Slough also modifY net flows past Antioch. 

Flows in Threemile Slough were considerably higher 
in the No-Project Alternative simulations than under 
simulated historical conditions because for the No­
Project Alternative, 1995 WQCP criteria for DCC 
closure were simulated for November-May and simulated 
exports were usually higher (Figure Bl-44). Because 
more water is required for the increased Delta exports 
and DCC closure is simulated for the fall and spring 
months, flows simulated for Threemile Slough are larger 
under the No-Project Alternative than under historical 
conditions (Tables Bl-4 and Table Bl-10). 

Table Bl-11 presents selected channel flows simu­
lated for the No-Project Alternative for comparison of 
operations of the DW alternatives. 

Simulated flows in Old River (and Middle River) 
were higher in the upstream (negative) flow direction 
toward the Delta export pumps for the No-Project 
Alternative simulation than under historical conditions 
(Figure Bl-44). Periods of downstream flows in Old and 
Middle Rivers caused by San Joaquin River inflows in 
excess of total Delta export pumping were simulated to 
occur in wet years for the No-Project Alternative (e.g., 
1983). 

Simulated Source Contributions for the No-Project 
Alternative 

Simulated source contri6utions from each Delta 
inflow to the CCWD Rock Slough intake and Delta 
export locations (SWP Banks and CVP Tracy Pumping 
Plants) were previously shown in Figures Bl-39 to Bl-
41 for the historical inflows and exports for water years 
I 967-1991. The historical patterns of source contribu­
tions were discussed under "Source Tracking of His­
torical Delta Inflows". 

hnpact assessment of effects of the DW alternatives 
on export water quality, presented in Chapter 3C, "Water 
Quality", depends on the simulated monthly average 
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source contributions for south Delta exports (represen­
tative of CCWD diversions and SWP and CVP exports) 
and monthly water quality estimates for each inflow 
source. 1be DW alternatives are compared with the No­
Project Alternative for impact assessment purposes. 
Table Bl-12 presents the monthly source contributions 
from each Delta inflow for these combined Delta exports 
(including CCWD diversions), as estimated from 
DeltaSOS simulations of Delta exports, for the No­
Project Alternative. 

Simulated DW discharges for export increased both 
the source and diversion flow totals, and reduced the 
contributions from other sources during DW discharges 
for export. For example, for August 1968 the DW 
discharge for Alternative 1 ( 1,623 cfs) was simulated to 
contribute 12.2% of the south Delta exports and to reduce 
the agricultural drainage contribution from 6.4% 
(estimated for the No-Project Alternative) to 5.5% (Table 
B 1-12). The San Joaquin River contribution was 
reduced from 8.5% to 7.5% with the DW discharge. The 
Sacramento River contribution was reduced from 81.6% 
to 71.8%. DW discharges would therefore reduce the 
percentage contributions from other sources. The 
corresponding change in water quality would depend on 
the water quality estimates for this particular month for 
all sources, including DW discharges. 

Simulated DW diversions increased the total south 
Delta diversion flow and changed the simulated contri­
butions from other sources. For example, for December 
1969 the DW diversion (3,892 cfs) for Alternative I was 
simulated to change the agricultural drainage contribution 
from 13.2% (estimated for the No-Project Alternative) to 
9.5% (Table Bl-12). The DW diversions reduced the 
San Joaquin River contribution in south Delta exports 
from 14.5% to 10.8%. The eastside stream contribution 
was reduced from 5.4% to 4.2%. The Sacramento River 
contribution was increased from 66.8% to 75.1 %. The 
contribution from the Benicia boundary was increased 
from 0.1% to 0.3%. These shifts in source contributions 
during DW diversions are controlled by the increased 
total diversions and the limited supply from agricultural 
drainage, eastside streams, and the San Joaquin River. 
The Sacramento River contributions increase to supply 
the increased total diversions, and tidal mixing from 
Benicia increases because of reduced outflow. 

The average source contributions for south Delta 
exports have been used for water quality impact assess­
ment of the DW alternatives, which is presented in 
Chapter 3C. The simulated average source contribution 
effects of the DW alternatives are considered appropriate 
for the monthly average impact assessments used 
throughout this EIRIEIS. Although variations in these 
percentages for monthly average simulated source 
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contributions are expected because of daily variations in 
flows and tidal mixing characteristics, these variations 
cannot be accurately estimated with monthly model 
results. 1berefore, simulated changes in average monthly 
source contnbutions in representative south Delta exports 
are described in this chapter and used in Chapter 3C for 
water quality impact assessment. 

The patterns of simulated source contributions for 
the No-Project Alternative are generally similar to those 
for the historical source contributions shown in Table B I­
S because the source contributions are related to the 
hydrologic inflows, which were approximately the same 
for the historical and No-Project Alternative conditions 
for many months. However, because exports under the 
simulated No-Project Alternative are often higher than 
historical exports, the simulated San Joaquin River, 
eastside stream, and agricultural drainage source contri­
bution percentages are often lower for the No-Project 
Alternative than for the historical conditions. The Sacra­
mento River contributions are generally higher in the No­
Project Alternative simulations because Sacramento 
River water supplies most of the increased exports under 
the No-Project Alternative. 

Simulation Results for Alternative I 

Under Alternative 1, water would be diverted for 
storage on Bacon Island and Webb Tract and a habitat 
management plan (HMP), with limited conjunctive water 
storage, would be implemented on Bouldin Island and 
Holland Tract Chapter 2, "Delta Wetlands Project Alter­
natives", provides a complete description of Alterna­
tive 1. 

Alternative I Operations 

In DeltaSOS simulations of this alternative, the 
maximum storage volume of the two reservoir islands is 
approximately 238 thousand acre-feet (TAF). Maximum 
storage may increase slightly over the life of the project 
because of subsidence on the reservoir islands. Incidental 
storage on the habitat islands during certain seasons 
would be approximately 9 TAF. As simulated in 
DeltaSOS, the maximwn monthly average DW diversion 
rate to the reservoir islands is 4,000 cfs, and the maxi­
mum monthly average DW discharge rate from the 
reservoir islands is 4,000 cfs. The maximum diversion 
rate is assumed to be 9,000 cfs, and the maximum dis­
charge rate is assumed to be 6,000 cfs. 

Under this alternative, DW diversions are treated 
consistently with the 1995 WQCP objectives for Delta 
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exports at the SWP and CVP pumping plants. That is, 
DW diversions are considered to be the same as SWP 
and CVP exports in complying with the WQCP objec­
tives, although DWs new water rights for diversions have 
a lower priority than the senior SWP and CVP water 
rights. As simulated in DeltaSOS, DW diversions to 
storage would occur only when the volume of allowable 
water for export (i.e., the lesser of the amount specified 
by the export limits and the amount of available water) is 
greater than the permitted pumping rate of the export 
pumps. This would occur when two conditions are met: 
I) when all Delta outflow requirements are met and the 
export limit is exceeded and 2) when water that is 
allowable for export is not being exported by the SWP 
and CVP pumps. For purposes of modeling Alterna­
tive I, the second condition is assumed to occur only 
when water that is allowable for export exceeds the per­
mitted pumping rate. 

For DeltaSOS simulations of Alternative I, it is 
assumed that discharges of water from the DW islands 
would be exported in any month when unused capacity 
within the permitted pumping rate exists at the SWP and 
CVP pumps, and strict interpretation of the export limits 
(percentage oftotal Delta inflow) specified in the 1995 
WQCP does not prevent use of that capacity. Such 
unused capacity could exist when the amount of available 
water (i.e., total inflow less Delta outflow requirements) 
is less than the amount specified by the export limits. 
Under this alternative, DW discharges would be treated 
as additions to total Delta inflow. Export of DW 
discharges thus would be limited to the lesser of the 
permitted export pumping capacity and the amount 
calculated under the "percent inflow" export limit, based 
on the adjusted inflow amount (including DW 
discharges). 

Under Alternative I, DW has two choices regarding 
allocation of discharges. lfDW chooses to discharge at 
the maximum DW discharge rate, some of the releases 
must be used to increase Delta outflow while the balance 
is exported, according to the specified "percent inflow" 
criterion. Alternatively, DW could choose to limit dis­
charges so that no allocation to Delta outflow is needed. 
The DeltaSOS simulations of Alternative I assumed that 
DW discharges were limited to allowable exports, with 
none allocated to Delta outflow. 

DW monthly operations were simulated with 
DeltaSOS as reported in Appendix A3. The 70-year 
average annual DW operations were simulated to be 222 
T AF lyr of diversions, with 188 T AF lyr of discharge for 
export. DW diversions would normally occur during one 
of the fall or winter months, and DW discharges would 
generally occur in July and August. 
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Simulated Channel Flows for Alternative I 

Table Bl-11 presents the changes in the selected 
channel flows simulated for Alternative 1 compared with 
the channel flows simulated for the No-Project Alterna­
tive. As presented in detail above under "Simulations of 
Monthly Average Net Delta Channel Flows Using 
Histocical Delta Inflows and Exports", the Delta channel 
flows simulated with the RMA Delta hydrodynamic 
model can be summarized with relatively simple channel 
flow-split relationships that depend on Delta inflows and 
exports. 

The effects ofDW project diversions and discharges 
on export pwnping can be swnmarized according to these 
general channel flow relationships. DW diversions 
would reduce Delta outflow and QWEST flow (outflow 
from the central Delta) by the same amount as the DW 
diversion because DCC and Georgiana Slough flows are 
not changed by increased exports or DW diversions. The 
hydraulic relationship between Threemile Slough flow 
and QWEST flow indicates that Threemile Slough flow 
would increase by about 31% of the reduction in 
QWEST. Antioch flow would therefore decrease by 69% 
of the QWEST reduction. If the DW diversions are 
specified, these corresponding changes in Delta channel 
flows can be easily calculated. 

DW discharges for export pumping would only 
change Delta channel flows in Old and Middle Rivers. 
Because the Old and Middle River channels near Bacon 
Island have approximately equal tidal and net flows, the 
change in flow in each channel would equal approxi­
mately half the DW discharge rate. If the DW discharges 
are from Bacon Island, only the channel flows from 
Bacon Island to the export pumps would change. If the 
DW discharges are from Webb Tract, about half the DW 
discharge would move directly down the Old River 
channel and the other half would flow toward Middle 
River (via the San Joaquin River or Connection Slough). 
Delta outflow and QWEST flows would not be changed 
by DW discharges for Delta export. 

Simulated Source Contributions for Alternative I 

The simulated percent source contributions for 
Alternative I are shown in Table B 1-12. As described in 
detail above under "Source Tracking of Historical Delta 
Inflows", the source contribution from DW discharges 
would be approximately equal to the DW discharges 
divided by the total south Delta diversions (exports and 
agricultural diversions). Because the total simulated 
exports are increased by the amount of the simulated DW 
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discharges, the percent source contribution from all other 
sources will decrease during periods with DW dis­
charges. 

The maximum source contribution from DW dis­
charges will occur with a large DW discharge ( 4,000 cfs 
monthly maximum) during a month with limited SWP 
and CVP pwnping. The maximum simulated DW source 
contribution for Alternative 1 was approximately 35%. 
The RMA source tracking for historical inflows and 
exports demonstrated that there may be differences in the 
source contributions between the export locations. 
However, the average monthly contribution from DW 
discharges is expected to be similar to these simulated 
monthly values. The possible water quality impacts of 
these changes in source contributions at the export loca­
tions are described in the impact assessment in Chapter 
3C, "Water Quality". 

Simulation Results for 
Alternative 2 

Alternative 2 would have the same physical arrange­
ment and operating capacities as Alternative 1. Chap­
ter 2 provides a complete description of Alternative 2. 

Alternative 2 Operations 

The diversion-period modeling assumptions for this 
alternative are the same as for Alternative 1. In Delta­
SOS simulations of Alternative 2, it is assumed that 
releases of water from the DW islands would be exported 
by the SWP and CVP pumps when unused capacity 
within the permitted pumping rate exists at the SWP and 
CVP pumps. DW discharges would be allowed to be 
exported in any month when such capacity exists and 
would not be subject to strict interpretation of the export 
limits (percentage of total Delta inflow). Under this 
alternative, it is assumed that export of DW discharges is 
limited by the 1995 WQCP Delta outflow requirements 
and the permitted combined pumping rate of the export 
pumps but is not subject to strict interpretation of the · 
1995 WQCP "percent inflow" export limit. Because the 
1995 WQCP limits exports to an amount equal to the San 
Joaquin River inflow during the April-May pulse-flow 
period, DeltaSOS does not allow DW discharges to be 
exported during the pulse-flow period. 

Alternative 2 monthly operations were simulated 
with DeltaSOS as reported in Appendix A3. The 70-year 
average annual DW operations were simulated to be 225 
T AF /yr of diversions, and 202 T AF lyr of discharge for 
export. DW diversions would normally occur during one 
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of the fall or winter months, and OW discharges would 
generally occur in Februmy or March or in sununer (June 
or July). The February and March discharges were 
simulated to occur in years when inflows were not high 
enough to allow full SWP and CVP export pumping. 

Simulated Channel Flows for Alternative 2 

Table BI-ll presents the changes in the selected 
channel flows for Alternative 2 compared with the No­
Project Alternative channel flows. OW diversions and 
discharges were simulated to occur during only one or 
two months each year, so that most of the time there is no 
simulated change in Delta channel flows. The simulated 
average monthly change in outflow and QWEST during 
OW diversions for Alternative 2 was 292 cfs. The 
simulated average monthly change in Old and Middle 
River flow during OW discharge for Alternative 2 was 
295 cfs. 

Simulated Source Contributions for Alternative 2 

The simulated source contributions for Alternative 2 
are shown in Table B1-12. The OW percentage source 
contributions for Alternative 2 are slightly higher than for 
Alternative 1 because the allowable OW exports are 
greater Oimited by permitted pumping rate rather than 
percent inflow limits). The possible water quality im­
pacts of these changes in source contributions at the 
export locations are described in the impact assessment 
in Chapter 3C. 

Simulation Results for Alternative 3 

Under Alternative 3, water would be diverted for 
storage in reservoirs on all four OW project islands. A 
habitat reserve would be created on Bouldin Island north 
of State Route 12. Chapter 2 provides a complete de­
scription of Alternative 3. 

Alternative 3 Operations 

In DeltaSOS simulations of this alternative, OW 
initial storage volume is assumed to be approximately 
406 TAF; this volume may increase slightly over the life 
of the project. Incidental storage in the habitat manage­
ment area would be minimal. The maximum monthly 
OW diversion rate to the four islands is simulated to be 
6,000 cfs, which would allow almost the entire OW 
storage volume to be filled in a single month; the initial 
daily average maximum is assumed to be 9,000 cfs. The 
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maximum monthly average OW discharge rate is 
6,000 cfs for simulation purposes (maximum discharge 
rate of 12,000 cfs). 

The diversion-period modeling assumptions for this 
alternative are the same as for Alternatives 1 and 2. The 
discharge-period modeling assumptions for this alterna­
tive are the same as for Alternative 2 (permitted export 
pumping rate limits). 

Alternative 3 monthly operations were simulated 
with DeltaSOS as reported in Appendix A3. The 70-year 
average annual OW operations were simulated to be 356 
T AF lyr of diversions, with 302 T AF lyr of discharge for 
export. OW diversions would normally occur during one 
of the fall or winter months, and OW discharges would 
generally occur in February or March or in sununer 
(June, July, and August). The February and March 
discharges are simulated to occur in years when inflows 
are not high enough to allow full SWP and CVP export 
pumping. Discharges are usually limited by the export 
pumping capacity, and more than one month is required 
to empty the OW storage. 

Simulated Channel Flows for Alternative 3 

Table B1-11 presents the changes in the selected 
channel flows for Alternative 3 compared with the No­
Project Alternative channel flows. OW diversions and 
discharges were simulated to occur during only one or 
two months each year, so that most of the time there was 
no simulated change in Delta channel flows. The simu­
lated average monthly change in outflow and QWEST 
during OW diversions for Alternative 3 was 457 cfs. The 
simulated average monthly change in Old and Middle 
River flow during OW discharge for Alternative 3 was 
452 cfs. 

Simulated Source Contributions for Alternative 3 

The simulated source contributions for Alternative 3 
are shown in TableB1-12. The OW source contributions 
for Alternative 3 are about the same as for Alternative 2 
because the allowable OW exports are the same in most 
months. Alternative 3 requires more months of dis­
charges, however, to empty the OW storage in many 
years. The possible water quality impacts of these 
changes in source contributions at the export locations 
are described in the impact assessment in Chapter 3C. 
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Table Bl-1. Specified Channel Geometry in the RMA Delta Model 

Channel Location 

San Joaquin River: Vernalis to Old River Split 

San Joaquin River: Mossdale to Mokelwnne 

Lower San Joaquin River: Mokelwnne River to Broad Slough 

Old River: Mossdale to Tracy and Grant Line Canal 

Old River: Clifton Court to Rock Slough 

Old River: Rock Slough to San Joaquin River 

Old River: Paradise Cut and Tom Paine Slough 

Clifton Court Forebay 

Indian and Rock Sloughs 

Franks Tract and Big Break 

Middle River and Victoria Canal 

Mokelwnne River: Georgiana, White, Potato, and Little Potato 
Sloughs 

Sutter, Steamboat, and Miner Sloughs: Sacramento Ship 
Channel and Cache Slough 

American River to Delta Cross Channel 

Sacramento River: Delta Cross Channel to Rio Vista 

Sacramento River: Rio Vista to Chipps Island 

Delta (upstream of Chipps Island) 

Suisun Bay 

Suisun Marsh 

Total Delta, Suisun Bay, and Suisun Marsh 

Swface 
Area 

(acres) 

513 

3,586 

7,190 

932 

1,106 

1,147 

272 

2,109 

363 

6,265 

4,111 

3,838 

4,249 

2,037 

1,495 

9,581 

48,794 

24,570 

2,530 

75,894 

Channel 
Volwne 

(acre-feet) 

2,781 

82,935 

153,041 

8,974 

17,033 

21,695 

1,331 

31,635 

3,000 

64,141 

62,178 

52,039 

85,951 

33,586 

29,761 

217,671 

857,206 

442,682 

68,161 

1,368,050 

Mean 
Depth 
(feet) 

5.4 

23.1 

21.3 

9.6 

15.4 

18.9 

4.9 

15.0 

8.3 

10.2 

15.1 

13.6 

20.2 

16.5 

19.9 

22.7 

17.6 

18.0 

26.9 

18.2 



Table B1-2. Tidal Flows, Velocities, and Excursions at Selected Delta Locations 
Simulated with the RMA Delta Hydrodynamic Model for Mean Tide Conditions 

(5.67- Foot Tidal Range at Benicia) 

Average Average Average Tidal 
RMA Flood Tide Flood Tide Channel Excursion c 

Delta Channel Channel Flow a Velocity a Areab Range 
Location Number (cfs) (ft/sec) (ft 2) (miles) 

Benicia 441 321,919 1.8 176,925 12.13 
Suisun Bay 440 133,880 1.7 77,184 11.49 
Roe Island (Port Chicago) 439 126,995 1.4 90,252 9.25 
Honker Bay 438 121,364 1.2 100,714 7.90 
Chipps Island 437 203,222 1.8 111,626 11.80 
Pittsburg 436 145,695 1.4 105,460 8.88 
Sac. R. at Collinsville 435 100,258 1.3 76,762 8.16 
Sac. R. at Rio Vista 430 45,772 0.8 57,548 4.84 
Sac. R. at Walnut Grove 421 6,511 0.8 8,469 4.95 
Sac. R. at Sacramento 410 623 0.1 10,255 0.36 
Mouth of Suisun Slough 458 7,777 0.4 21,137 2.19 
Mouth of Montezuma Slough 465 13,707 0.6 21,293 4.05 
Suisun Marsh salinity control gate 461 4,740 1.0 4,573 6.30 
Threemile Slough 309 18,371 1.4 13,505 8.46 
SJR at Antioch 51 95,332 1.6 61,305 10.18 
SJR at Jersey Point 49 86,076 1.4 59,514 9.24 
SJR at Mokelumne R. 45 57,192 0.9 62,464 5.76 
SJR at Columbia Cut 37 12,580 0.6 22,771 3.43 
SJR at 14-Mile Slough 23 4,072 0.2 17,760 1.44 
SJR below Head of Old River 8 944 0.7 1,274 4.53 
SJR at Vernalis 1 63 0.1 1,184 0.34 
Dutch Slough 274 4,851 1.1 4,231 6.81 
False River 279 39,275 2.0 20,125 13.15 
Fisherman's Cut 280 2,347 0.4 5,544 2.85 
Mouth of Old River 124 2,918 0.1 20,296 0.64 
Old River at Rock Slough 106 9,276 0.8 11,149 5.27 
Old River at Woodward Canal 92 7,739 1.1 7,308 6.58 
Old River at SWP Clifton Court 83 5,693 1.2 4,853 7.20 
Old River at CVP Tracy 80 1,205 0.5 2,382 3.01 
Head of Old River 54 1,061 1.0 1,099 5.96 
Grant Line Canal 210 3,494 0.7 4,949 4.42 
Middle River at Columbia Cut 159 14,731 0.7 19,759 4.72 
Middle River at Victoria Canal 135 4,282 1.0 4,193 6.24 
Head of Middle River 125 35 0.2 139 1.67 
Mouth of Mokelumne River 349 8,098 0.5 14,925 3.70 
Mouth of Cache Slough 398 28,823 1.1 25,375 6.54 
Head of Georgiana Slough 366 942 0.3 3,667 1.62 
Delta Cross Channel 365 2,025 0.4 4,978 2.17 
Head of Steamboat Slough 383 1,474 0.9 1,662 5.25 
Head of Sutter Slough 379 1,942 0.8 2,573 4.48 

Notes: a Average during 12.5-hour period of flood tide flows and velocities 
b Channel area equals average flood flow divided by average flood velocity (A= QN) 
c Excursion is the distance between the position of a "floating object" at high tide and at low tide. 



Table B1-3. Monthly Historical Delta Inflows (cfs) and Exports (cfs) for 1968-1991 

1968 
OCT 16,184 22 2,730 1,328 6,836 102 1,589 107 1,798 1,688 8,000 (422) 7,578 0 16,n9 
NOV 14,617 15 3,479 431 6,376 92 965 n 1,134 1,180 8,385 (768) 7,616 0 16,228 
DEC 17,208 41 3,641 234 7,136 79 429 167 676 (86) 10,392 (890) 9,501 0 20,535 
JAN 20,514 900 2,946 603 5,354 91 640 438 1,170 (508) 8,062 1,224 9,286 0 24,300 
FEB 41,272 6,861 12,715 2,611 7,648 60 1,724 47 1,897 (2,453) 12,670 5,525 18,195 0 54,015 
MAR 36,080 2,848 3,099 1,872 5,869 51 3,288 1,155 4,495 (981) 6,983 5,496 12,478 0 40,386 
APR 14,460 283 1,438 624 6,330 130 3,m 1,481 5,388 1,469 2,049 1,215 3,264 0 9,948 
MAY 13,340 51 893 384 6,002 159 4,173 1,291 5,621 2,298 164 1,516 1,681 0 6,749 
JUN 11,371 27 592 150 5,425 224 4,207 287 4,716 3,753 (988) 1,464 476 0 3,672 
JUL 12,616 3 504 104 5,790 224 4,746 209 s.1n 4,359 (1,613) 1,820 207 0 3,690 
AUG 13,026 8 no 138 5,910 194 3,909 775 4,8n 3,792 (524) 1,583 1,059 0 5,273 
SEP 13,141 27 940 154 5.944 186 
1969 
OCT 11,650 21 1,387 139 5,507 150 3,792 2,319 6,260 1,475 (185) 1,390 1,205 0 5,462 
NOV 13,625 14 1,607 203 6,086 114 2,301 2,634 5,051 (740) 3,326 749 4,075 0 11,138 
DEC 22,976 858 2,537 752 5,855 88 1,107 2,575 3,n2 (2,376) 6,917 2,128 9,044 0 25,728 
JAN 55,502 45,392 13,839 11,015 8,212 60 2,888 2,808 5,759 (4,835) 28,984 12,610 41,594 1,466 123,359 
FEB 71,919 45,264 32,611 9,975 10,396 60 3,003 1,650 4,715 (4,153) 51,084 8,964 60,048 (119) 159,325 
MAR 49,818 10,707 30,929 5,448 7,456 53 2,210 1,145 3,409 101 40,640 (398) 40,241 (280) 93,672 
APR 45,423 1,071 22,152 4,739 6,872 74 1,889 1,255 3,218 962 30,200 (304) 29,896 (280) 69,486 
MAY 40,679 699 24,657 4,018 6,241 109 2,191 978 3,276 2,378 30,374 (1,471) 28,903 (280) 64,679 
JUN 23,161 148 27,931 1,390 6,761 113 1,893 494 2,498 3,742 31,433 (6,154) 25,280 (280) 46,671 
JUL 14,241 32 5,813 696 6,267 154 2,707 527 3,388 4,359 6,684 (481) 6,203 (130) 13,166 
AUG 18,378 21 2,329 571 7,478 1n 4,374 559 5,107 3,792 2,886 1,399 4,285 (80) 12,480 
SEP 21.050 26 3.260 737 8.261 140 2.247 179 
1970 
OCT 16,723 25 4,470 1,096 6,994 105 1,632 274 2,010 785 10,039 (914) 9,125 0 19,518 
NOV 16,967 21 4,635 413 7,065 78 367 629 1,074 967 10,411 (1,001) 9,411 0 19,996 
DEC 35,314 6,352 2,663 1,853 6,702 94 0 727 823 (912) 10,989 4,688 15,676 0 46,272 
JAN 70,386 98,337 11,136 9,372 10,192 49 413 653 1,118 (5,352) 33,060 26,521 59,582 0 193,465 
FEB 66,176 33,056 9,207 4,518 9,632 84 1,483 386 1,953 (516) 21,740 13,898 35,638 0 111,521 
MAR 44,285 3,009 7,192 3,787 7,600 72 1,760 436 2,269 (81) 16,363 4,062 20,425 0 56,085 
APR 14,643 123 1,675 657 6,384 128 3,650 881 4,660 1,394 3,150 871 4,022 0 11,045 
MAY 14,290 48 2,397 474 6,281 166 3,568 286 4,019 2,410 3,567 609 4,176 0 10,780 
JUN 11,806 33 2,741 267 5,552 197 4,237 573 5,005 3,618 1,204 865 2,069 0 6,224 
JUL 13,198 16 1,333 315 5,961 212 4,455 571 5,237 4,359 (462) 1,561 1,099 0 5,266 
AUG 15,004 23 1,046 297 6,490 215 3,565 838 4,616 3,792 752 1,513 2,264 0 7,962 
SEP 18.543 43 1.321 432 7.526 161 2.285 650 3.094 2.636 4.473 1 
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1971 
OCT 15,288 25 1,469 473 6,573 116 2,049 425 2,589 1,219 5,134 349 5,482 0 13,447 
NOV 22,556 226 1,658 1,010 5,119 78 471 1,482 2,034 (2,743) 7,535 1,884 9,420 0 26,159 
DEC 64,085 11,002 5,053 4,086 9,354 63 8 1,846 1,918 (3,213) 18,663 9,518 28,181 0 85,521 
JAN 52,416 6,639 5,213 2,182 7,802 64 24 1,820 1,908 276 13,110 7,708 20,818 0 64,266 
FEB 31,251 836 4,399 1,372 6,643 65 2,316 762 3,145 443 8,982 3,042 12,024 0 34,271 
MAR 30,535 1,272 12,594 1,769 6,400 71 3,811 828 4,710 (666) 6,486 3,871 10,357 0 32,126 
APR 38,332 852 1,964 1,283 6,173 80 3,344 1,015 4,438 951 4,365 6,185 10,550 0 37,043 
MAY 29,242 590 1,836 914 7,870 97 3,616 845 4,557 1,572 5,041 3,398 8,439 0 26,453 
JUN 27,594 185 2,326 640 10,179 142 4,447 1,191 5,m 3,715 4,952 2,299 7,251 0 21,252 
JUL 21,018 14 1,068 455 8,252 165 4,571 1,786 6,521 4,359 420 2,559 2,979 0 11,675 
AUG 22,505 5 893 113 8,688 180 4,380 2,154 6,713 3,792 517 2,801 3,317 0 13,011 
SEP 24,433 36 1,097 668 9,252 128 2,784 1,004 3,913 2,630 5,395 1,676 7,071 0 1 
1972 
OCT 16,100 8 2,257 980 6,811 118 2,863 839 3,819 1,543 5,225 430 5,655 0 13,982 
NOV 15,879 16 1,649 318 6,746 85 2,325 641 3,052 1,045 4,982 500 5,482 0 13,765 
DEC 21,797 57 2,403 939 7,623 92 1,946 401 2,440 (1 ,255) 9,340 450 9,790 0 24,010 
JAN 20,036 115 3,122 619 7,546 66 1,036 516 1,618 897 9,086 31 9,117 0 21,3n 
FEB 22,947 148 2,803 931 8,892 70 3,259 408 3,871 166 8,647 sn 9,224 0 22,793 
MAR 23,939 96 1,382 664 6,976 94 3,911 2,689 6,694 1,278 1,498 3,386 4,884 0 18,110 
APR 13,141 6 1,038 728 5,944 161 3,533 2,674 6,366 993 698 1,383 2,081 0 7,554 
MAY 12,871 8 746 379 5,865 214 4,073 2,223 6,507 2,348 (1 ,043) 1,802 758 0 5,149 
JUN 13,859 17 588 133 6,154 229 3,324 1,807 5,359 3,sn (3,574) 2,678 (896) 2,765 2,896 
JUL 15,027 2 482 81 6,497 181 4,235 669 5,083 4,359 (785) 1,955 1,170 (73) 6,222 
AUG 15,686 15 544 112 6,690 215 4,398 2,386 6,998 3,792 (1 ,202) 2,227 1,025 (915) 6,482 
SEP 16.844 7 1.566 173 7.029 194 3,943 2.886 7.022 1.982 1.364 1.722 
1973 
OCT 16,106 10 1,995 153 6,813 112 3,374 2,938 6,423 467 2,800 1,245 4,045 (566) 11,940 
NOV 23,241 641 2,220 281 6,442 75 0 3,476 3,553 (2,916) 7,524 1,847 9,370 (238) 25,985 
DEC 27,471 469 2,506 472 7,135 67 0 3,389 3,458 300 6,480 2,759 9,240 (20) 27,181 
JAN 60,239 30,223 4,066 6,095 8,842 63 1,474 1,428 2,967 (4,210) 18,n2 13,195 31,968 0 101,866 
FEB 65,371 20,167 8,002 7,541 9,525 64 632 483 1,180 (2,442) 25,475 9,726 35,202 0 102,344 
MAR 51,734 12,144 7,625 4,614 7,711 67 642 575 1,284 (2,212) 20,103 6,813 26,917 0 n,044 
APR 20,703 669 4,210 1,576 7,513 84 2,4n 797 3,357 1,574 8,919 332 9,251 0 22,227 
MAY 16,445 89 2,942 1,163 6,389 190 4,485 1,839 6,512 2,408 2,417 1,446 3,863 0 11,719 
JUN 14,961 37 2,580 765 5,344 194 4,598 2,576 7,367 3,753 (1 '117) 2,351 1,234 0 7,223 
JUL 15,195 14 1,084 380 5,096 233 4,649 2,827 7,707 4,359 (3,980) 3,309 (671) 0 4,607 
AUG 16.151 13 1,069 320 6,826 218 4,497 3,075 7,788 3,792 (2,038) 2,561 524 0 5,973 

17.515 33 1.473 356 7.225 168 3,812 1.800 5.m 2.429 1.698 1.708 3.406 0 11.171 
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1974 
OCT 16,752 11 2,551 472 7,002 105 3,348 2,484 5,937 (247) 4,248 942 5,191 0 14,096 
NOV 48,114 10,950 2,285 2,044 8,663 84 2,998 1,828 4,911 (1 ,560) 9,095 8,862 17,957 0 60,041 
DEC 61,742 10,408 3,593 3,411 9,042 56 1,553 1,734 3,344 (734) 13,178 10,472 23,650 0 76,542 
JAN 74,959 51,283 7,795 5,485 10,800 58 1,237 682 1,978 (1 ,402) 23,014 19,498 42,512 0 138,946 
FEB 52,481 6,028 I 5,102 1,258 7,810 58 3,480 1,926 5,464 123 8,626 8,979 17,606 0 59,282 
MAR 64,796 9,027 4,826 4,622 9,448 66 4,245 1,976 6,286 (728) 13,084 10,792 23,876 0 n,713 
APR 66,390 37,558 5,859 3,834 9,660 78 2,568 1,564 4,209 (291) 15,334 16,949 32,283 0 109,723 
MAY 29,229 174 4,114 1,653 9,954 115 4,387 2,640 7,143 2,438 6,994 2,165 9,159 0 25,590 
JUN 24,453 51 3,866 1,249 9,258 188 4,403 4,555 9,144 3,504 2,951 2,390 5,341 0 16,970 
JUL 21,790 24 1,639 546 7,960 198 4,506 6,008 10,710 3,908 (3,105) 3,924 819 0 9,381 
AUG 23,991 12 1,618 468 8,453 193 4,528 4,n2 9,490 3,792 (1,417) 3,798 2,381 0 12,806 

,100 61 2.850 703 9.448 115 3,326 1.624 5,063 2,636 6.224 1,533 7.757 0 21 
1975 
OCT 20,155 20 3,503 763 7,999 98 3,446 1,060 4,603 1,276 6,833 609 7,442 0 18,562 
NOV 22,039 15 3,897 904 8,551 71 0 1,881 1,952 873 10,832 (303) 10,530 0 24,030 
DEC 25,691 127 4,169 789 7,071 59 10 2,749 2,819 (110) 9,281 1,441 10,722 0 28,067 
JAN 19,467 38 3,n3 304 7,797 67 2,692 2,722 5,482 581 6,016 795 6,810 0 17,520 
FEB 47,601 3,990 6,223 2,533 7,605 83 4,196 2,449 6,728 (3,811) 12,110 6,582 18,692 0 57,430 
MAR 51,033 9,425 5,695 5,336 8,332 73 3,766 2,250 6,089 (1,554) 14,284 7,650 21,934 0 66,953 
APR 33,227 1,719 3,963 2,630 8,978 97 4,220 1,997 6,314 651 8,834 3,197 12,031 0 34,574 
MAY 30,318 286 3,979 2,294 1o,en 112 3,956 1,526 5,592 2,438 10,073 1,252 11,324 0 28,847 
JUN 23,748 28 5,717 1,311 9,052 167 4;003 360 4,527 3,732 9,126 343 9,469 0 22,544 
JUL 18,316 13 1,721 551 7,460 175 4,620 400 5,194 4,259 1,n1 1,706 3,4n 0 11 '149 
AUG 19,531 7 1,684 562 7,816 171 4,498 4,337 9,004 3,241 (1 ,049) 2,835 1,786 
SEP 20.413 109 2.657 699 8.074 137 
1976 
OCT 19,208 18 4,551 913 7,722 87 3,610 3,878 7,574 186 5,491 933 6,424 0 16,930 
NOV 22,286 13 3,912 892 8,623 61 3,839 4,123 8,023 1,130 4,670 1,633 6,302 0 17,949 
DEC 25,591 40 3,752 344 9,592 42 3,888 3,904 7,834 1,904 4,616 2,149 6,765 0 19,989 
JAN 15,159 37 3,332 120 6,535 102 4,062 4,111 8,274 1,011 1,056 1,606 2,662 0 9,362 
FEB 13,252 35 2,194 166 6,051 166 4,593 3,049 8,086 (216) 465 1,532 1,998 0 7,m 
MAR 14,600 51 1,826 170 6,372 144 4,571 3,651 8,366 410 (265) 1,963 1,698 0 7,872 
APR 12,745 0 1,295 183 5,828 173 4,406 468 5,046 330 2,045 938 2,983 0 8,847 
MAY 10,929 40 941 99 5,296 208 4,548 744 5,497 2,438 (746) 1,396 650 0 4,073 
JUN 10,952 1 799 49 5,302 222 3,741 198 4,158 3,722 (427) 1,218 791 0 3,921 
JUL 12,099 0 672 55 5,639 233 3,465 421 4,117 4,359 (584) 1,416 832 0 4,350 
AUG 13,372 4 1,057 74 6,012 212 4,572 2,066 6,848 3,141 (1,747) 2,055 307 0 4,517 
SEP 12.530 4 1.068 357 5.765 191 4,546 3,608 8,344 1,940 (2,415) 2.194 (221) 0 
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1977 
OCT 8,117 1 1,276 28 4,472 135 3,176 1,304 4,614 1,178 396 648 1,044 0 3,630 
NOV 7,836 6 1,138 94 4,389 162 2,522 1,566 4,250 1,174 608 538 1,146 0 3,650 
DEC 7,757 1 967 58 4,366 125 1,572 1,092 2,789 1,n4 1,450 229 1,678 0 4,220 
JAN 9,819 3 1,093 51 4,971 115 3,636 3,302 7,055 (462) (640) 1,341 701 0 4,373 
FEB 8,017 1 790 40 4,443 161 2,254 1,928 4,343 (427) 1,208 472 1,680 0 4,933 
MAR 6,585 4 I 525 50 4,023 125 2,032 1,663 3,820 268 604 387 991 0 3,075 
APR 5,971 1 212 25 3,843 120 1,004 175 1,297 1,823 1,597 (110) 1,487 0 3,088 
MAY 7,610 1 400 31 4,324 110 1,660 1,223 2,992 1,045 1,084 360 1,444 0 4,006 
JUN 6,876 1 118 23 4,032 182 311 249 740 3,753 994 131 1,124 0 2,525 
JUL 8,263 1 93 67 4,441 145 354 351 847 4,359 920 343 1,264 0 3,218 
AUG 7,700 1 124 16 4,350 141 1,096 296 1,532 3,792 494 400 894 0 2,518 
SEP 6.849 1 179 13 4.100 123 1.643 95 1.859 2.284 845 239 1.084 103 2.796 
1978 
OCT 4,502 0 247 9 3,413 136 489 140 764 1,824 1,627 (359) 1,269 91 2,078 
NOV 6,698 0 430 34 4,056 123 1,640 891 2,655 391 1,505 119 1,624 107 4,011 
DEC 11,766 0 507 275 5,541 111 2,172 3,638 5,923 (1,949) 1,596 1,049 2,645 70 8,503 
JAN 45,571 18,734 2,280 4,438 7,639 51 3,878 5,932 9,863 (5,168) 7,813 10,908 18,722 40 66,289 
FEB 44,782 8,633 7,331 3,070 8,928 36 4,072 6,218 10,327 (2,769) 10,802 7,043 17,844 0 56,257 
MAR 55,670 18,401 11,495 3,180 9,099 36 3,992 1,901 5,929 (2,880) 19,717 8,997 28,714 0 85,696 
APR 38,946 1,380 20,062 3,456 6,010 63 2,745 469 3,2n (807) 26,m (362) 26,415 0 61,375 
MAY 25,238 21 19,153 1,915 7,584 90 2,070 904 3,063 2,318 24,083 (3,533) 20,549 0 40,947 
JUN 12,680 17 7,081 708 5,809 137 4,140 3,356 7,633 3,753 3,525 276 3,801 0 9,100 
JUL 14,325 17 1,911 189 6,291 193 4,513 3,398 8,102 4,359 . (2,544) 2,390 (154) 0 3,982 
AUG 15,996 7 1,421 747 6,781 179 4,174 4,090 8,440 3,792 (1,957) 2,510 553 0 5,938 

SEP 17.962 1 2.735 1.001 7.356 124 3,787 3.590 7.499 2.387 2.040 1.670 3.710 0 11 
1979 
OCT 12,509 1 3,333 805 5,754 101 2,957 2,076 5,133 1,866 3,547 347 3,894 0 9,650 
NOV 12,463 3 3,503 471 5,688 89 3,211 2,282 5,581 (87) 4,137 282 4,419 0 10,946 

DEC 13,227 7 2,817 313 5,969 88 3,184 2,790 6,062 1,507 2,058 946 3,004 0 8,795 
JAN 23,232 426 5,243 1,946 5,309 66 2,704 1,340 4,111 (3,842) 10,884 1,067 11,951 0 30,5n 

FEB 32,500 1,665 7,150 4,449 5,153 54 1,229 1,661 2,944 (3,603) 16,150 1,873 18,023 0 46,422 

MAR 29,216 334 8,667 3,482 4,761 68 1,990 2,298 4,355 (809) 13,081 1,693 14,n4 0 38,154 
APR 16,573 30 3,512 1,537 4,495 88 3,187 2,615 5,891 1,254 2,839 1,833 4,671 0 14,508 

MAY 18,016 31 2,528 1,502 7,372 158 2,996 3,105 6,256 2,362 3,611 1,200 4,811 0 13,459 

JUN 12,226 18 2,257 936 5,676 198 2,992 3,163 6,351 3,753 79 1,271 1,349 0 5,335 
JUL 16,442 15 1,336 464 6,911 223 4,557 4,5n 9,356 3,508 (2,925) 2,900 (24) 0 5,394 

AUG 15,705 13 1,454 482 6,695 210 4,566 5,606 10,380 3,792 (4,215) 3,164 (1,051) 0 3,482 

SEP 14.590 7 1.844 538 6.368 172 4.389 4.717 9.2n 2.636 (2.240) 2.436 195 0 
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1980 
OCT 12,600 9 2,795 660 5,786 152 3,917 3,676 7,744 485 1,181 1,175 2,356 0 7,834 
NOV 15,228 10 2,324 649 6,555 112 1,032 4,722 5,866 149 3,565 883 4,448 0 12,195 
DEC 20,356 921 2,491 592 6,476 79 0 5,903 5,984 (687) 4,022 2,197 6,219 0 19,063 
JAN 58,740 40,718 13,092 8,655 8,643 59 0 6,330 6,389 (3,605) 26,345 12,928 39,273 0 118,422 
FEB 54,549 48,251 119,348 8,350 8,115 54 2,758 3,383 6,417 (2,139) 30,786 12,357 43,143 0 126,220 
MAR 55,437 17,825 25,277 4,926 8,204 54 3,242 1,053 4,348 (231) 34,209 4,372 38,581 0 99,348 
APR 22,623 56 10,266 1,784 4,575 75 3,843 1,432 5,352 641 10,856 761 11,618 0 28,735 
MAY 15,922 36 9,930 1,748 3,589 137 2,920 1,584 4,639 2,048 9,297 (155) 9,142 0 20,949 
JUN 17,842 29 5,314 1,432 6,315 165 2,868 2,938 5,971 3,753 4,651 1,000 5,651 0 14,893 
JUL 17,757 27 3,390 716 7,297 174 4,577 2,132 6,881 3,798 2,052 1,558 3,610 0 11 ,211 
AUG 14,943 21 1,973 344 6,472 197 4,549 4,484 9,228 3,792 (2,905) 2,636 (269) 0 4,261 

15,912 8 3,808 521 6.756 181 3.514 4.001 7.695 2.636 1.676 1.437 3.112 0 
1981 
OCT 11,364 7 4,080 458 5,097 165 3,573 2,969 6,705 1,822 1,746 797 2,543 0 7,381 
NOV 10,896 11 3,283 556 3,363 118 3,858 2,491 6,467 1,599 (304) 1,738 1,433 0 6,681 
DEC 16,717 17 2,955 264 6,992 76 3,795 2,905 6,775 667 3,002 1,272 4,274 0 12,511 
JAN 18,543 977 3,256 552 5,628 86 4,091 4,100 8,279 (3,310) 3,309 2,360 5,668 0 18,358 
FEB 24,282 718 2,884 346 4,060 78 3,662 3,512 7,252 (234) 190 4,771 4,960 0 21,212 
MAR 24,537 260 3,127 1,360 4,094 79 1,945 2,817 4,843 (2,073) 5,086 3,304 8,390 0 26,515 
APR 17,252 32 2,536 439 4,807 107 3,689 4,308 8,103 486 (636) 3,039 2,403 ·a 11,671 
MAY 13,805 21 1,970 278 5,414 212 3,142 1,134 4,486 2,429 1,598 1,300 2,897 0 9,159 
JUN 10,746 18 1,501 130 5,242 239 3,463 338 4,039 3,753 395 932 1,327 0 4,603 
JUL 15,321 17 1,267 120 6,583 238 4,359 2,465 7,058 4,361 (1 ,923) 2,359 436 0 5,306 
AUG 14,891 13 1,272 114 6,457 203 4,117 5,013 9,332 3,792 (3,954) 2,951 (1 ,003) 0 3,166 
SEP 12.818 4 1.184 136 
1982 
OCT 9,913 5 1,389 154 4,998 143 2,115 3,683 5,941 293 410 988 1,398 0 5,227 
NOV 32,962 3,767 1,567 1,103 6,512 86 1,438 3,202 4,725 (1 ,354) 5,337 5,374 10,710 0 36,029 
DEC 62,460 24,497 1,854 3,205 9,138 40 786 4,350 5,176 108 8,951 15,118 24,069 0 86,733 
JAN 64,725 21,325 3,896 8,341 9,439 49 1,807 3,326 5,185 (4,779) 19,597 11,820 31,417 0 97,880 
FEB 59,751 26,409 6,657 7,909 8,m 50 3,795 5,622 9,469 (1 ,676) 14,964 13,255 28,219 0 92,932 
MAR 62,925 5,275 10,080 8,224 9,200 48 4,130 6,255 10,436 (4, 164) 19,774 7,679 27,454 0 80,231 
APR 76,703 38,279 23,000 11,614 11,032 53 3,458 6,108 9,619 (2,454) 37,622 12,387 50,009 0 142,431 
MAY 42,433 316 18,687 4,985 6,474 135 2,989 2,881 6,004 2,438 22,557 1,211 23,767 0 57,979 
JUN 26,118 50 7,596 2,337 6,177 171 2,940 831 3,942 3,600 9,829 1,344 11 '173 0 28,561 
JUL 17,664 31 6,174 1,187 7,269 172 2,916 953 4,039 4,137 7,902 (290) 7,612 0 16,879 
AUG 20,666 23 4,024 652 8,149 183 4,357 3,572 8,110 3,792 2,250 1,969 4,218 0 13,462 

11 6.132 711 
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1983 
OCT 19,263 17 8,194 1,394 7,738 83 2,243 2,969 5,294 548 11,676 (996) 10,680 0 23,026 
NOV 31,574 454 6,986 3,824 7,627 69 3,342 2,669 6,082 (2,461) 13,954 1,428 15,382 0 39,215 
DEC 57,838 12,319 16,523 9,041 8,523 61 3,144 5,238 8,443 (1 ,817) 26,825 5,965 32,790 0 89,096 
JAN 47,597 21,679 19,102 8,655 7,161 40 3,871 6,189 10,103 (2,984) 26,755 6,164 32,919 0 89,915 
FEB 79,178 60,586 31,659 11,944 11,361 91 3,954 6,218 10,263 (2,961) 46,626 15,249 61,874 0 176,064 
MAR 78,430 130,590 !40,107 17,969 11,262 150 3,941 1,287 5,381 (5,448) 67,498 24,873 92,371 0 267,163 
APR 60,597 17,948 36,505 6,938 8,890 59 3,668 93 3,820 (131) 48,598 963 49,561 0 118,299 

·MAY 62,414 3,525 31,828 5,448 9,132 96 2,828 376 3,299 1,032 42,436 (149) 42,288 0 98,883 
JUN 48,458 1,108 26,125 4,232 7,275 170 2,980 1,871 5,018 3,753 30,175 157 30,332 0 71,152 
JUL 31,045 50 19,262 3,156 6,606 172 3,978 1,067 5,216 4,359 20,974 (1 '120) 19,854 0 43,938 
AUG 25,083 34 9,051 1,438 9,443 174 4,274 2,756 7,203 3,792 10,264 205 10,469 0 24,610 
SEP 24.656 27 11.328 1.592 9.318 154 3,350 708 4,210 1,842 16,830 (1.789) 15,041 0 31 
1984 
OCT 21,186 189 13,346 1,494 8,301 82 2,085 335 2,501 1,364 19,754 (3, 195) 16,559 0 32,350 
NOV 48,898 5,995 10,894 6,002 9,299 68 956 731 1,757 (4,224) 27,184 2,302 29,487 0 74,257 
DEC 75,518 51,985 19,160 9,182 10,874 54 1,607 483 2,146 (2,036) 38,394 15,040 53,433 0 155,735 
JAN 56,904 16,729 2s,ns 4,206 8,399 46 1,375 302 1,723 806 36,133 3,757 39,889 0 101,085 
FEB 33,588 1,350 11,240 2,412 5,327 68 3,817 1,890 5,984 (469) 13,300 2,714 16,014 0 43,074 
MAR 31,482 1,082 7,515 2,144 5,018 61 4,291 2.sn 6,929 303 7,551 3,978 11,528 0 34,991 
APR 17,962 333 4,292 1,231 4,376 143 3,967 3,587 7,697 1,366 1,314 2,716 4,029 0 14,755 
MAY 15,434 64 3,245 858 5,493 190 2,995 2,756 5,939 2,438 2,072 1,519 3,591 0 11,223 
JUN 15,014 38 2,300 627 6,493 215 2,990 2,972 6,175 3,753 805 1,503 2,309 0 8,051 
JUL 21,671 21 1,907 505 8,443 254 4,684 4,539 9,474 4,359 (1 ,452) 3,247 1,794 0 10,271 
AUG 18,817 16 2,183 587 7,607 250 4,386 4,898 9,532 3,785 (1,614) 2,865 1,250 0 8,287 
SEP 17.722 18 2.922 740 7.286 186 3.123 2.199 5,507 2.223 3.996 1,038 5,034 0 1 
1985 
OCT 13,259 20 4,037 n4 5,979 150 3,620 1,846 5,615 536 4,825 152 4,sn 0 11,937 
NOV 26,322 1,492 2,870 1,186 5,858 103 3,900 4,005 8,009 (2,134) 3,292 4,152 7,444 0 25,995 
DEC 32,616 1,133 4,783 1,271 5,168 57 3,963 4,459 8,479 203 2,612 5,752 8,364 0 31,122 
JAN 16,820 49 4,078 473 3,068 79 3,865 1,900 5,846 426 1,495 2,686 4,182 0 15,147 
FEB 18,303 157 3,248 1,014 3,265 97 4,046 3,484 7,628 (523) 239 3,451 3,690 0 15,617 
MAR 14,335 5 2,747 953 4,521 129 3,956 4,546 8,631 (1 ,042) 268 2,235 2,503 0 10,451 
APR 12,515 0 2,449 892 5,760 148 3,906 3,301 7,354 1,579 721 1,239 1,961 0 6,924 
MAY 13,456 0 2,138 462 5,563 219 2,996 3,013 6,226 2,438 352 1,566 1,918 0 7,392 
JUN 13,331 0 1,754 231 5,380 231 3,005 3,307 6,540 3,552 (1 ,485) 2,085 600 0 5,224 
JUL 16,064 0 2,572 148 6,801 257 4,581 4,648 9,482 4,359 (2,796) 2,747 (49) 0 4,942 
AUG 13,472 0 2,621 157 6,041 228 4,384 5,520 10,129 3,792 (3,n5) 2,661 (1,113) 0 2,329 

12.212 0 1.932 232 5.671 175 4,103 4.458 8,733 2.426 (2.475) 2.132 (343) 0 
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1986 
OCT 9,728 20 2,076 210 4,575 185 3,934 3,599 7,717 932 (1,463) 1,590 127 0 3,384 
NOV 10,434 25 1,932 310 4,705 127 3,725 3,488 7,341 (1,542) 609 1,223 1,832 0 6,902 
DEC 16,135 182 2,209 599 5,835 107 3,878 5,890 9,876 (198) (1,105) 2,765 1,660 0 9,447 
JAN 20,000 143 2,063 1,152 5,445 145 3,888 5,052 9,086 (965) 201 3,374 3,575 0 15,236 
FEB 69,013 115,593 I 8,759 14,819 10,009 72 3,947 2,062 6,085 (7,428) 28,5n 31,726 60,302 3,754 205,n4 
MAR 75,117 58,769 25,080 9,930 10,821 58 2,439 706 3,205 (3,088) 45,604 14,345 59,949 (970) 169,749 
APR 25,868 1,153 19,621 3,510 4,271 84 2,787 1,832 4,704 228 23,976 (2,213) 21.763 (1,425) 46,647 
MAY 12,784 43 8,n9 1,965 3,573 181 3,003 3,087 6,271 2,262 7,4n (320) 7,158 (901) 15,939 
JUN 11,839 43 6,243 1,050 5,562 223 2,997 2,968 6,186 3,753 4,331 (105) 4,226 (101) 9,337 
JUL 16,911 43 2,899 489 7,049 230 4,458 3,937 8,622 4,322 (995) 2,338 1,343 0 7,397 
AUG 15,140 34 3,189 542 6,530 224 4,393 5,354 9,968 3,792 (2,173) 2,444 271 0 5,144 

18,169 20 4,187 681 6,234 195 4,017 6,298 10,507 1,756 (545) 2,818 2,272 0 10,795 
1987 
OCT 15,473 20 3,748 853 5,383 134 4,007 3,439 7,579 1,868 1,191 1,849 3,039 

~I 
10,647 

NOV 12,700 25 2,846' 738 5,815 148 3,699 3,024 6,871 1,694 1,427 1,050 2,476 7,744 
DEC 13,133 25 3,713 566 5,253 148 4,018 3,107 7,273 1,162 1,504 1,285 2,789 9,003 
JAN 13,194 25 2,309 485 2,585 121 4,011 2,129 6,262 (1,087) (1n) 2,563 2,386 0 
FEB 17,434 31 2,140 581 3,333 109 4,037 2,710 6,857 (3,560) 1,511 2,986 4,498 0 16,889 
MAR 21,616 220 3,421 1,112 4,241 133 2,383 3,093 5,610 (2,198) 4,593 2,749 7,342 0 22,957 
APR 11,845 46 2,872 427 5,249 184 4,346 2,504 7,033 1,856 308 1,325 1,634 0 6,301 
MAY 10,014 43 2,182 379 4,423 239 3,003 2,083 5,322 2,335 143 1,117 1,260 0 4,960 
JUN 10,084 43 1,993 326 5,048 244 3,003 1,947 5,192 3,753 (264) 1,034 no 0 3,501 
JUL 15,169 43 1,635 316 6,538 246 4,443 4,282 8,968 4,359 (3,312) 2,n1 (541) 0 3,836 
AUG 14,464 34 1,630 337 6,332 240 4,573 5,007 9,817 3,792 (3,983) 2,895 (1,088) 0 2,856 
SEP 11,644 20 1,599 250 5,505 225 4,291 4,571 9,084 2,636 (3,443 2,332 (1,111) 0 1 
1988 
OCT 9,526 20 1,372 127 4,190 182 4,005 1,733 5,919 1,330 (1,090) 1,493 403 0 3,796 
NOV 8,143 25 1,551 113 4,230 153 3,937 1,379 5,470 64 383 783 1,166 0 4,299 
DEC 15,n2 25 1,280 154 6,715 125 4,040 4,834 9,001 (1,241) (45) 2,174 2,129 0 9,472 
JAN 25,445 1,574 1,486 336 5,303 128 4,070 6,236 10,435 (1,224) (2,516) 5,845 3,329 0 19,627 
FEB 12,645 17 1,441 176 5,873 133 4,252 6,015 10,399 721 (368) 1,634 1,266 0 3,159 
MAR 11,368 26 2,245 265 5,424 185 4,090 4,181 8,456 899 (1,106) 1,664 558 0 4,550 
APR 16,917 46 2,150 293 7,050 206 4,090 4,290 8,585 (701) 1,362 1,898 3,260 0 11,519 
MAY 10,993 43 1,784 193 4,326 194 2,976 3,105 6,274 1,984 (1,260) 1,820 560 0 4,755 
JUN 10,597 43 1,714 206 4,887 209 2,998 2,705 5,910 3,447 (1,345) 1,542 197 0 3,203 
JUL 14,668 43 1,359 197 6,391 247 4,487 3,250 7,981 4,360 (2,867) 2,552 (315) 0 3,927 
AUG 1'3,310 34 1,560 173 5,993 255 4,539 4,017 8,809 3,792 (3,547) 2,572 (975) 0 2,476 
SEP 11 
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1989 
OCT 9,330 20 1,129 57 4,827 197 3,553 1,892 5,642 1,664 (708) 1,164 456 0 3,232 
NOV 11,376 25 1,276 83 5,426 152 3,608 2,338 6,099 (9) 695 1,159 1,854 0 6,672 
DEC 12,410 25 1,374 102 5,730 147 4,173 2,875 7,197 (557) 372 1,459 1,831 0 7,272 
JAN 12,847 25 1,257 131 5,858 138 4,190 5,884 10,213 408 (3,231) 2,591 (639) 0 3,641 
FEB 12,078 16 1,236 204 5,626 137 4,104 3,975 8,216 (1 ,097) (437) 1,686 1,249 0 6,416 
MAR 43,450 428 12,027 1,472 7,407 125 4,119 6,036 10,279 (1 ,922) 1,876 7,917 9,793 0 39,019 
APR 21,310 46 1,918 664 5,907 145 3,994 6,326 10,464 1,646 (3,044) 4,402 1,358 0 11,829 
MAY 13,823 33 1,952 356 5,386 205 3,004 3,023 6,231 2,392 (89) 1,838 1,749 0 7,544 
JUN 13,310 33 1,586 165 5,314 228 3,001 2,054 5,281 3,485 (481) 1,795 1,315 0 6,328 
JUL 18,801 40 1,286 132 7,602 264 4,747 4,523 9,532 4,360 (3,345) 3,371 26 0 6,368 
AUG 1-8,351 29 1 '171 147 7,471 262 4,712 6,365 11,338 3,719 (4,967) 3,835 (1 ,132) 0 4,642 
SEP 16.492 18 1.355 147 6.926 219 4,430 6.124 10,772 674 (2,782) 3,028 246 0 
1990 
OCT 14,299 17 1,403 111 6,283 178 4,224 6,146 10,547 349 (2,976) 2,750 (226) 0 4,935 
NOV 13,866 23 1,313 228 6,017 144 3,894 5,665 9,703 582 (2,523) 2,560 36 0 5,145 
DEC 15,424 25 1,383 142 6,613 146 4,120 6,195 10,461 2,085 (3,676) 3,052 (624) 0 4,430 
JAN 18,332 24 1,204 174 5,500 133 4,011 6,152 10,296 (172) (3,307) 3,992 685 0 9,610 
FEB 15,310 22 1,514 316 6,804 164 4,542 6,998 11,704 (2, 1 01) (1 ,705) 2,611 906 0 7,558 
MAR 12,475 25 1,706 467 5,681 148 3,983 6,105 10,235 651 (2,804) 2,400 (404) 0 3,787 
APR 15,808 48 1,355 351 6,775 208 4,402 5,396 10,006 1,303 (2,372) 2,749 377 0 6,253 
MAY 10,420 33 1,281 285 5,039 217 2,775 407 3,398 772 2,707 362 3,069 0 7,851 
JUN 10,537 33 1 '118 233 5,181 215 2,992 293 3,498 3,416 814 791 1,605 0 5,008 
JUL 13,530 33 1,011 163 6,058 238 3,667 2,353 6,257 4,360 (1 ,857) 2,051 194 0 4,122 
AUG 13,416 25 1,001 171 5,957 223 2,940 3,311 6,472 3,669 (1 ,729) 2,046 318 0 4,471 
SEP 10.381 37 907 170 5.206 234 3.307 2.587 6.126 2.685 (1.590) 1 
1991 
OCT 7,620 15 993 234 4,323 185 1,107 2,258 3,549 1,816 821 403 1,224 0 3,498 
NOV 7,723 26 1,115 201 4,353 149 1,588 2,121 3,858 650 1,390 313 1,703 0 4,558 
DEC 10,818 25 918 64 5,260 148 2,277 2,780 5,205 196 910 991 1,901 0 6,245 
JAN 8,984 25 816 68 4,722 146 1,883 2,883 4,912 969 66 910 976 0 4,013 
FEB 8,133 16 758 87 4,473 137 2,606 1,778 4,521 (2,948) 2,712 174 2,886 0 7,420 
MAR 25,755 893 1,779 1,226 5,184 111 3,722 5,929 9,763 (4,737) 1,504 4,743 6,247 0 24,626 
APR 10,879 46 1,168 510 4,747 100 2,882 4,518 7,499 1,316 (1 ,930) 1,944 14 0 3,787 
MAY 7,332 43 1,049 471 3,515 130 1,277 1,281 2,686 2,212 912 478 1,390 0 3,998 
JUN 8,930 43 568 269 3,935 155 894 878 1,925 3,716 431 811 1,242 0 4,169 
JUL 9,514 43 594 181 4,878 173 1,633 no 2,574 4,279 297 738 1,035 0 3,479 
AUG 9,515 34 537 166 4,878 167 1,659 1,993 3,817 3,739 (666) 1,066 400 0 2,696 
SEP 9,948 36 574 192 5.005 161 1.852 2.224 4.235 2.632 (174) 1.048 874 

Note: Negative values shown in parentheses. 



Table B1-4. RMA Delta Model Simulated Historical Channel Flows (cfs) and Exports (cfs) for 1968-1991 

1968 
OCT 4,154 7,123 8,714 (613) 17,210 120 1,855 813 8,519 2,607 360 7,906 (100) 1,360 1,798 
NOV 3,564 6,763 7,684 (1 ,048) 16,788 111 2,242 1,215 9,113 2,790 380 8,065 1,071 642 1,134 
DEC 4,531 7,578 9,581 (1 ,054) 20,220 180 2,315 1,326 10,627 3,188 441 9,573 1.653 195 676 
JAN 6,708 3,759 117,no 2,110 24,273 262 1,en 1,007 6,495 2,146 313 8,605 996 (497) 1,170 
FEB 14,095 6,499 40,475 5,997 51,664 798 1,844 853 11,172 3,351 552 17,169 435 (2,031) 1,897 
MAR 12,618 5,971 33,078 5,559 39,884 566 2,197 918 6,805 2,181 372 12,364 (2, 150) (449) 4,495 
APR 3,439 6,963 7,594 ns 10,789 (6) 1,232 198 3,214 1,162 164 3,989 (4,114) 883 5,388 
MAY 3,010 6,730 6,172 1,054 7,353 (74) 791 (30) 1,217 628 84 2,271 (5,029) 1,956 5,621 
JUN 2,248 6,064 4,051 1,142 3,237 (156) 514 (118) (753) 123 9 389 (4,857) 4,521 4,716 
JUL 2,593 6,557 4,581 1,451 3,202 (156) 456 (184) (1 ,308) (35) (8) 143 (5,526) 5,185 s.1n 
AUG 2,780 6,657 5,211 1,176 5,213 (117) 650 (67) 62 332 42 1,238 (4,848) 4,127 4,8n 
SEP 
1969 
OCT 2,451 6,191 5,172 956 5,885 (103) 1,214 121 734 510 65 1,690 (5, 113) 1,148 6,260 
NOV 3,134 6,762 6,n4 542 10,115 (19) 1,332 274 3,334 1,206 164 3,876 (3,676) 242 5,051 
DEC 6,620 9,205 15,390 298 26,155 298 1,897 n6 10,723 3,119 446 11,021 (1 ,260) (2,910) 3,n2 
JAN 20,568 8,718 93,606 13,825 125,212 2,253 8,330 5,723 31,538 8,711 1,525 45,363 3,609 (5,467) 5,759 
FEB 27,723 10,906 107,248 11,494 158,589 2,888 19,035 13,721 51,298 13,993 2,350 62,792 15,033 (3,695) 4,715 
MAR 18,298 7,682 52,750 (229) 93,168 1,621 18,000 12,925 40,427 11 '188 1,704 40,198 14,593 453 3,409 
APR 16,452 7,085 39,207 (346) 69,494 1,146 12,983 9,151 30,308 8,459 1,265 29,962 9,735 857 3,218 
MAY 12,834 12,951 27,934 (5,050) 65,055 1,059 14,347 10,172 37,156 10,139 1,474 32,106 10,811 1,988 3,276 
JUN 6,866 8,140 13,980 (6,786) 46,214 690 16,180 11,554 32,290 8,986 1,262 25,504 12,954 4,264 2,498 
JUL 3,272 6,619 6,197 (644) 12,n1 31 3,435 2,159 6,630 2,096 283 5,986 (749) 5,185 3,388 
AUG 4,783 8,146 9,091 1,089 12,381 26 1,714 431 3,348 1,187 173 4,437 (4,019) 4,127 5,107 

5,925 8,711 11,707 59 20,288 182 2,158 987 8,621 2,612 373 
1970 
OCT 4,387 7,256 9,292 (1 ,042) 19,614 167 2,769 1,675 10,336 3,094 429 9,294 725 747 2,010 
NOV 4,454 7,433 9,390 (1 ,237) 20,425 183 2,826 1,795 11,042 3,297 456 9,805 1,724 554 1,074 
DEC 12,335 5,837 35,866 5,332 45,637 679 1,808 881 9,753 3,009 490 15,085 1,119 (389) 823 
JAN 26,917 11,051 159,245 32,972 193,891 3,509 6,703 4,668 34,571 9,794 2,074 67,543 6,720 (5,983) 1,118 
FEB 25,155 10,244 88,996 15,516 111,090 1,980 5,472 3,736 22,096 6,342 1,175 37,612 3,620 (63) 1,953 
MAR 15,939 7,076 40,166 4,466 55,841 878 4,305 2,887 15,681 4,546 723 20,147 2,082 323 2,269 
APR 3,523 6,974 7,586 468 11,769 13 1,353 305 4,196 1,427 198 4,664 (3,286) 983 4,660 
MAY 3,379 6,880 6,947 208 11,420 5 1,714 544 4,510 1,527 207 4,718 (2,508) 2,026 4,019 
JUN 2,419 6,095 4,499 592 s,ne (106) 1,939 610 1,340 686 86 1,932 (3,720) 4,387 5,005 
JUL 2,808 6,657 5,078 1,230 4,792 (125) 1,039 62 (216) 252 31 1,014 (5,011) 5,185 5,237 
AUG 3,478 7,231 6,630 1,127 7,903 (63) 830 28 1,333 665 93 2,460 (4,386) 4,127 4,616 

166 e.6n 676 14.755 73 983 211 5.121 1.676 240 5.797 



Table Bl-4. Continued 

1971 
OCT 3,760 7,135 7,935 15 13,826 53 1,104 323 5,909 1,906 263 5,924 (1,542) 926 2,589 
NOV 6,522 9,057 13,864 116 24,027 257 1,255 461 10,135 2,995 428 10,251 (598) (709) 2,034 
DEC 24,178 9,934 66,407 9,691 86,850 1,501 3,149 2,089 20,388 5,770 986 30,079 2,148 (4,796) 1,918 
JAN 19,258 8,294 50,864 7,622 64,957 1,060 3,172 2,055 14,090 4,149 706 21,712 1,403 (363) 1,908 
FEB 10,778 5,242 ~6,736 3,810 34,334 457 2,783 1,616 7,602 2,418 383 11,412 (358) 568 3,145 
MAR 10,471 5,172 26,636 4,634 31,525 403 1,924 669 4,892 1,672 282 9,526 (2,698) (29) 4,710 
APR 13,500 6,306 32,654 6,129 37,234 514 1,531 411 4,605 1,606 293 10,734 (2,941) 864 4,438 
MAY 8,704 10,792 18,634 1,859 26,622 307 1,412 320 8,015 2,390 366 9,874 (3,346) 1,654 4,557 
JUN 9,247 4,783 21,964 5,173 21,548 209 1,734 402 (363) 278 78 4,810 (4,633) 3,745 5,m 
JUL 5,714 9,041 10,518 2,230 11,232 4 916 (77) 782 472 83 3,012 (6,460) 5,185 6,521 
AUG 6,266 9,564 11,780 2,384 12,955 38 821 (115) 1,235 591 104 3,619 (6,524) 4,127 6,713 
SEP 7.037 9.833 13.893 1.396 19.831 174 868 103 5,980 1,869 282 7 
1972 
OCT 4,077 7,290 8,493 138 14,420 65 1,668 534 5,947 1,900 265 6,085 (2,263) 1,216 3,819 
NOV 3,972 7,354 8,369 129 14,248 62 1,261 371 5,887 1,896 264 6,016 (1,816) 586 3,052 
DEC 6,262 8,849 13,068 (30) 23,086 238 1,738 704 9,995 2,965 422 9,965 (562) (400) 2,440 
JAN 6,535 3,700 16,391 2,026 22,103 219 2,076 1,044 5,718 1,942 285 7,744 494 188 1,618 
FEB 7,312 4,004 18,173 3,074 21,789 213 1,943 760 3,626 1,364 213 6,700 (1,779) 420 3,871 
MAR 7,958 4,309 19,500 4,771 18,625 152 1,244 108 (854) 140 53 3,917 (5,484) 898 6,694 
APR 2,970 6,587 6,251 1,061 7,497 (71) 966 8 1,267 635 87 2,328 (5,451) 1,224 6,366 
MAY 2,818 6,616 5,649 1,373 5,406 (112) 727 (116) (203) 244 31 1,170 (6,015) 2,343 6,507 
JUN 3,036 6,966 5,677 1,444 5,204 (116) 539 (141) (414) 196 27 1,030 (5,440) 4,345 5,359 
JUL 3,406 7,362 6,186 1,582 5,659 (107) 436 (187) (456) 182 27 1,126 (5,495) 5,185 5,083 
AUG 3,677 7,628 6,908 2,039 5,518 (109) 586 (228) (1,331) (69) (2) 708 (7,008) 4,127 6,998 
SEP 4,230 7,891 8,406 1,570 9,686 (27) 1,347 119 1.316 637 97 2.886 C5.8rn 2.039 7 
1973 
OCT 4,007 7,607 8,340 1,048 11,260 3 1,640 341 2,933 1,081 156 3,981 (4,782) 615 6,423 
NOV 6,698 9,453 14,744 588 24,061 257 1,678 608 9,285 2,756 398 9,873 (1,589) (1,336) 3,553 
DEC 9,289 4,739 23,532 3,836 28,709 349 1,825 730 5,165 1,760 279 9,001 (1,327) (1,288) 3,458 
JAN 22,542 9,442 82,288 14,345 102,289 1,809 2,684 1,570 19,944 5,673 1,042 34,289 654 (4,842) 2,967 
FEB 24,794 10,072 75,986 10,587 101,805 1,800 4,786 3,292 25,799 7,218 1,236 36,386 4,026 (1,986) 1,180 
MAR 18,990 8,161 56,183 7,021 76,548 1,292 4,563 3,128 20,347 5,791 952 27,368 3,670 (1,678) 1,284 
APR 6,798 s,m 17,436 2,231 23,225 240 2,685 1,513 5,805 1,938 290 8,036 (676) 926 3,357 
MAY 4,185 7,469 8,527 817 12,296 23 2,125 680 3,805 1,302 185 4,622 (4,576) 2,126 6,512 
JUN 3,456 7,165 6,550 1,432 6,799 (85) 1,943 441 310 369 55 1,742 (6,105) 4,521 7,367 
JUL 3,467 7,413 6,317 2,140 4,139 (137) 978 (125) (2,109) (283) (32) 31 (7,521) 5,185 7,707 
AUG 3,865 7,713 7,285 2,125 5,916 (101) 994 (112) (1,309) (72) 0 816 (7,390) 4,127 7,788 
SEP 4.496 7.989 8.876 1.320 11.301 4 1.218 137 2.465 949 140 
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1974 
OCT 4,292 7,661 8,968 727 13,398 46 1,950 598 4,438 1,485 212 5,165 (3,969) 441 5,937 
NOV 17,446 7,736 51,390 9,909 58,821 941 1,n3 537 7,418 2,362 462 17,327 (2,997) (539) 4,911 
DEC 23,181 9,629 63,127 1o,5n 78,029 1,324 2,437 1,245 14,an 4,322 m 25,454 (434) (2,320) 3,344 
JAN 28,999 11,509 1,15,263 22,745 139,505 2,526 4,680 3,193 24,219 6,945 1,401 46,964 3,123 (2,039) 1,978 
FEB 19,279 8,340 50,082 9,006 59,143 945 3,221 1,882 9,065 2,798 519 18,071 (2,227) 413 5,464 
MAR 24,507 10,044 63,794 11,233 n,091 1,304 3,118 1,704 13,303 3,880 728 24,536 (3,075) (140) 6,286 
APR 25,229 10,328 93,545 18,993 109,193 1,940 3,589 2,266 15,661 4,641 965 34,654 (573) 296 4,209 
MAY 8,739 10,623 18,424 1,692 26,785 310 2,763 1,260 8,385 2,464 378 1o,on (4,519) 1,689 7,143 
JUN 7,026 9,805 13,706 2,115 17,202 122 2,681 1,003 3,546 1,178 190 5,661 (6,974) 3,616 9,144 
JUL 5,985 9,366 11,105 3,291 8,926 (39) 1,516 (85) (2,118) (336) (20) 1,173 (9,925) 4,735 10,710 
AUG 6,n9 9,953 12,882 3,062 12,739 35 1,456 (26) (83) 210 58 2,979 (8,656) 4,127 9,490 
SEP 7.264 9.991 14.426 1.273 21.145 199 2.036 686 
1975 
OCT 5,644 8,495 11,433 328 18,981 156 2,387 1,072 7,566 2,316 333 7,894 (2,297) 950 4,603 
NOV 6,356 8,871 13,026 (478) 24,382 263 2,490 1,396 11,364 3,347 4n 10,886 504 515 1,952 
DEC 7,564 9,960 15,766 (16) 27,729 329 2,661 1,508 11,951 3,478 505 11,935 (159) 192 2,819 
JAN 6,317 3,691 15,701 3,005 17,757 134 2,550 1,222 2,060 943 150 5,065 (2,919) 379 5,482 
FEB 17,211 7,620 44,811 6,803 56,709 897 3,903 2,445 11,866 3,481 588 18,669 (2,150) (3,336) 6,728 
MAR 18,674 8,093 52,629 8,187 66,398 1,090 3,566 2,167 13,763 3,984 695 21,950 (2,256) (1 ,021) 6,089 
APR 11,527 5,550 29,268 5,052 34,763 466 2,692 1,271 5,509 1,820 313 10,561 (3,591) 705 6,314 
MAY 9,115 10,740 19,410 1,310 29,693 367 2,637 1,223 10,319 2,987 451 11,629 (3,175) 1,857 5,592 
JUN 6,823 9,354 13,275 214 22,492 225 3,431 2,091 9,273 2,751 400 9,487 (1 ,735) 4,109 4,527 
JUL 4,703 8,172 8,713 1,400 10,718 (6) 1,312 185 2,070 840 125 3,470 (4,700) 5,085 5,194 
AUG 5,214 8,648 9,886 2,453 9,465 (30) 1,488 32 (369) 155 40 2,084 (8,044) 3,5n 9,004 
SEP 5,621 a.n2 11,009 1,n6 13,582 50 2,033 497 2,616 964 151 4,392 (6, 164) 2,682 7 
976 

OCT 5,282 8,245 10,838 742 16,624 110 3,005 1,541 5,797 1,825 267 6,539 (4,573) 498 7,574 
NOV 6,384 9,180 12,936 1,311 18,485 147 2,720 1,172 5,558 1,742 263 6,869 (5,356) 621 8,023 
DEC 7,464 10,236 15,232 1,664 21,362 204 2,643 1,095 6,139 1,890 291 7,803 (5,247) 541 7,834 
JAN 3,650 7,350 7,687 1,126 9,870 (23) 2,442 876 2,188 875 126 3,314 (5,825) 564 8,274 
FEB 2,821 6,605 6,064 1,180 6,801 (84) 1,n4 337 743 497 68 1,923 (5,957) 533 8,086 
MAR 3,425 7,239 7,184 1,583 7,517 (70) 1,607 181 348 378 57 1,931 (6,763) 841 8,366 
APR 2,824 6,504 5,995 650 8,335 (54) 1,100 154 2,358 948 127 3,008 (3,937) 949 5,046 
MAY 2,220 5,960 4,457 947 4,609 (128) 818 (14) 190 370 41 1.137 (4,884) 2,163 5,497 
JUN 2,130 5,899 3,780 912 3,476 (151) 634 (30) (243) 268 26 669 (4,180) 4,490 4,158 
JUL 2,443 6,331 4,288 1,076 3,860 (144) 523 (83) (357) 230 24 719 (4,391) 5,185 4,117 
AUG 2,895 6,867 5,534 1,611 4,428 (131) 955 (58) (1 ,054) 19 2 557 (6,364) 3,4n 6,848 
SEP 2.687 6,555 5,440 1,767 3,801 (144) 1,069 (95) (1,607) (140) (18) 160 (7,463) 1 
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1977 
OCT 1,526 4,747 3,132 397 3,974 (141) 1,066 169 860 582 62 1,257 (3,586) 910 4,614 
NOV 1,477 4,580 3,076 294 4,211 (136) 961 156 1,145 662 72 1,439 (3,250) 640 4,250 
DEC 1,479 4,478 3,134 (82) 5,518 (110) 784 174 2,390 1,009 118 2,308 (1 ,967) 487 2,789 
JAN 1,919 5,568 4,151 1,099 3,639 (147) 1,075 18 (518) 178 15 581 (5,920) 269 7,055 
FEB 1,508 4,694 ,3,182 406 4,056 (139) 733 54 879 588 63 1,285 (3,526) 454 4,343 
MAR 1,205 3,996 2,446 363 2,854 (163) 527 (4) 422 . 483 45 785 (3,241) 556 3,820 
APR 1,103 3,590 2,012 (127) 3,625 (148) 158 (31) 1,641 834 87 1,514 (1 ,284) 1,482 1,297 
MAY 1,419 4,490 2,756 243 3,780 (145) 358 (44) 1,051 647 67 1,294 (2,791) 1,436 2,992 
JUN 1,209 3,988 1,717 73 2,423 (172) 14 (89) 764 595 55 837 (1 ,361) 4,181 740 
JUL 1,468 4,640 2,143 213 2,728 (167) (15) (123) 655 554 54 868 (1 ,748) 5,185 847 
AUG 1,366 4,436 2,100 273 2,467 (171) 58 (120) 427 492 45 700 (2,145) 4,127 1,532 
SEP 1,239 4,054 2,156 134 3,037 (160) 150 (81) 918 628 62 1,052 (2,038) 2,341 1 
1978 
OCT 813 2,727 1,366 (166) 2,614 (168) 171 8 1,273 755 73 1,107 (740) 1,496 764 
NOV 1,246 3,995 2,576 48 4,105 (138) 414 14 1,533 788 85 1,581 (2,196) 390 2,655 
DEC 2,505 6,143 6,005 760 8,107 (58) 645 (58) 2,066 844 107 2,826 (4,899) (1 ,535) 5,923 
JAN 16,353 7,416 58,407 11,569 66,690 1,100 2,040 461 8,217 2,474 500 19,786 (6,718) (5,799) 9,863 
FEB 16,078 7,246 46,781 8,249 55,718 878 4,590 2,829 8,913 2,681 490 17,162 (5,279) (2,312) 10,327 
MAR 20,618 8,761 65,928 9,954 85,057 1,464 6,916 4,669 19,107 5,471 946 29,061 1,440 (2,345) 5,929 
APR 13,839 6,167 34,223 (338) 60,752 974 11,796 8,267 26,533 7,466 1,107 26,195 8,602 (108) 3,277 
MAY 7,626 8,749 16,185 (4,287) 42,103 610 11,235 7,850 25,951 7,246 1,025 21,664 8,043 1,442 3,063 
JUN 2,788 6,226 5,444 (54) 9,544 (32) 4,258 2,638 4,143 1,404 188 4,089 (3,922) 3,791 7,633 
JUL 3,152 7,171 5,698 1,974 3,569 (148) 1,562 123 (2,064) (267) (33) (90) (7,359) 5,185 8,102 
AUG 3,830 7,583 7,255 2,120 5,886 (102) 1,274 (40) (1 ,309) (80) (1) 811 (7,801) 4,127 8,440 
SEP 4,708 7,985 9,305 1.362 11.927 17 2.067 550 2.662 987 148 4.024 (5.787l 2.445 7 
1979 
OCT 2,790 6,185 5,905 41 10,095 (20) 2,305 959 4,216 1,451 194 4,257 (3,020) 1,539 5,133 
NOV 2,785 6,234 6,115 42 10,509 (12) 2,431 1,070 4,392 1,497 201 4,434 (3, 138) 328 5,581 
DEC 3,009 6,585 6,522 458 9,905 (23) 2,097 718 3,389 1,221 166 3,847 (3,946) 404 6,062 
JAN 7,699 4,079 20,459 1,798 29,978 373 3,294 2,085 9,470 2,867 416 11,268 (155) (3,365} 4,111 
FEB 11,236 5,330 29,654 1,849 45,821 682 4,349 2,922 16,135 4,620 690 17,984 2,026 (3,145) 2,944 
MAR 10,006 4,860 24,762 1,700 37,636 522 5,210 3,465 12,876 3,786 566 14,576 978 (277) 4,355 
APR 5,265 3,340 13,098 2,398 15,207 83 2,441 1,070 2,127 944 145 4,525 (3,431) 793 5,891 
MAY 4,880 7,643 9,908 1,013 14,103 60 1,887 506 4,231 1,411 204 5,244 (4,574) 1,982 6,256 
JUN 2,564 6,187 4,803 1,016 4,994 (121) 1,711 351 250 372 46 1,266 (5,302) 4,435 6,351 
JUL 3,957 7,823 7,400 2,526 4,864 (122) 1,253 (114) (2,477) (398) (43) 49 (8,736) 4,334 9,358 
AUG 3,684 7,634 6,920 2,710 3,440 (150) 1,389 (120) (3,421) (654) (78) (711) (9,591) 4,127 10,380 
SEP 3.366 7 
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1980 
OCT 2,799 6,380 6,057 880 7,724 (66) 2,145 635 1,681 750 102 2,561 (5,564) 622 7,744 
NOV 3,729 7,167 7,949 614 11,968 17 1,813 510 4,021 1,3n 194 4,635 (4,016) 359 5,866 
DEC 5,679 8,651 12,848 1,044 19,266 163 1,924 603 6,397 1,978 290 7,441 (3,829) (940) 5,984 
JAN 21,934 9,193 ,91,354 14,499 118,796 2,130 7,878 5,378 27,393 7,643 1,366 41,892 2,291 (4,238) 6,389 
FEB 19,415 8,319 91,394 13,598 121,471 2.1n 11,052 7,695 30,059 8,413 1,476 43,657 5,215 (1,717) 6,417 
MAR 20,602 8,581 64,618 4,722 98,901 1,739 14,784 10,489 34,292 9,553 1,517 39,014 10,446 216 4,348 
APR 7,543 3,951 18,625 1,055 29,034 353 6,161 4,108 10,414 3,154 459 11,469 839 703 5,352 
MAY 4,201 6,578 8,939 (1,838) 21,478 203 5,886 3,929 12,571 3,676 507 10,733 1,078 1,m 4,639 
JUN 4,680 7,695 9,102 231 15,138 79 3,255 1,869 6,089 1,911 271 6,320 (3,286) 3,888 5,971 
JUL 4,516 7,967 8,500 1,287 10,709 (7) 2,355 827 2,270 889 132 3,557 (5,263) 4,625 6,881 
AUG 3,418 7,359 6,444 2,184 4,251 (134) 1,667 122 (2,137) (297) (34) 47 (8, 168) 4,127 9,228 
SEP 3.888 7.457 7.719 1.066 10.053 (20) 2.612 1.068 2.379 925 133 3,445 (5,429) 2.693 7 
1981 
OCT 2,406 5,891 5,072 284 7,826 (65) 2,720 1,293 2,n9 1,062 139 3,063 (4,106) 1,494 6,705 
NOV 2,284 5,720 4,933 333 7,440 (72) 2,340 906 2,519 995 128 2,852 (4, 184) 901 6,467 
DEC 4,262 7,718 8,906 868 12,858 35 2,202 752 3,950 1,350 194 4,818 (4,566) 294 6,n5 
JAN 4,971 8,152 12,015 1,169 17,469 127 2,450 927 5,411 1,691 244 6,580 (5,288) (2,488) 8,279 
FEB 8,082 4,350 20,588 4,684 20,824 195 2,175 706 242 438 97 4,926 (5,019) 158 7,252 
MAR 8,182 4,320 20,870 3,268 25,895 294 2,221 957 5,012 1,697 264 8,280 (2,270) (1 ,484) 4,843 
APR 4,460 7,905 9,221 1,423 11,625 11 2,027 508 2,420 925 140 3,843 (6,041) 683 8,103 
MAY 3,191 6,799 6,584 439 10,034 (21) 1,482 376 3,487 1,251 169 3,926 (3,112) 1,808 4,486 
JUN 2,116 5,768 3,874 592 4,662 (128) 1,114 194 844 561 65 1,436 (3,470) 4,027 4,039 
JUL 3,501 7,493 6,364 1,948 4,822 (123) 1,075 (40) (1 ,472) {104) (9) 476 (6,n3) 5,185 7,058 
AUG 3,370 7,449 6,291 2,453 3,125 (156) 1,213 (127) (3,107) (556) (69) (654) (8,726) 4,127 9,332 
SEP 2,754 6,647 5,435 1,423 4,859 (123) 1,059 0 (534) 159 20 889 (6,098) 2,693 
1982 
OCT 1,969 5,507 4,260 718 5,005 (120) 1,221 161 757 530 63 1,475 (4,673) 543 5,941 
NOV 11,399 5,553 31,067 6,180 34,406 460 1,290 2n 3,330 1,271 240 9,510 (3,416) 119 4,725 
DEC 23,487 9,788 n,525 15,985 88,167 1,528 1,518 387 10,632 3,234 692 26,617 (3,362) (1,480) 5,176 
JAN 24,4n 10,039 n,476 12,666 98,412 1,734 2,697 1,412 20,868 5,820 1,045 33,534 (1,443) (5,411) 5,185 
FEB 22,362 9,362 n,119 14,340 92,459 1,613 4,180 2,523 15,328 4,388 858 29,668 (5,007) (1,221) 9,469 
MAR 23,699 9,735 59,443 7,892 79,618 1,354 6,187 4,034 20,134 5,560 942 28,026 (3,525) (3,627) 10,436 
APR 29,810 11,606 103,837 14,828 141,639 2,573 13,550 9,516 37,790 10,330 1,820 52,618 4,291 (1,753) 9,619 
MAY 13,437 13,525 28,907 (2,743) 59,304 946 10,985 7,631 30,428 8,271 1,218 27,685 4,903 1,492 6,004 
JUN 7,698 9,666 15,498 (567) 28,916 351 4,480 2,936 13,461 3,849 557 12,894 30 3,711 3,942 
JUL 4,563 7,588 8,696 (400) 16,416 104 3,652 2,299 7,783 2,386 334 7,383 (1,189) 4,963 4,039 
AUG 5,657 8,827 10,698 1,641 13,437 47 2,716 1,122 2,796 1,011 157 4,437 (6,015) 4,127 8,110 
SEP 7.308 9.801 14.915 149 
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1983 
OCT 5,398 7,898 11,207 (1 ,047) 22,974 234 4,942 3,234 11,n9 3,443 487 10,732 (383) 648 5,294 
NOV 10,891 5,238 27,045 2,901 37,812 526 4,292 2,744 10,740 3,185 489 13,641 (1 ,539) (1,162) 6,082 
DEC 21,555 8,962 62,083 5,961 90,482 1,572 9,867 6,788 28,361 7,793 1,260 34,322 2,079 (3,402) 8,443 
JAN 17,301 7,518 62,748 6,388 90,525 1,573 11,367 7,879 27,731 7,649 1,238 34,119 1,973 (3,618) 10,103 
FEB 30,932 11,971 1~8,427 19,671 175,471 3,186 18,502 13,255 47,018 12,817 2,318 66,689 8,768 (2,505) 10,263 
MAR 30,516 12,170 198,181 38,249 266,543 4,946 23,315 16,988 68,302 18,4n 3,596 106,551 18,981 (4,909) 5,381 
APR 22,844 9,214 69,252 1,373 117,884 2,117 21,169 15,332 48,645 13,361 2,080 50,018 17,368 411 3,820 
MAY 20,698 19,790 45,894 (5,835) 99,031 1,733 18,487 13,302 53,164 14,247 2,135 47,329 15,136 
JUN 17,647 7,519 41,262 (108) 72,289 1,201 15,167 1o.no 31,072 8,653 1,298 30,964 9,n4 
JUL 10,589 4,993 24,656 (234) 43,582 636 11,219 7,810 18,989 5,440 792 18,755 5,1n 
AUG 7,276 9,667 14,300 84 24,685 268 5,381 3,488 10,438 3,034 444 10,522 
SEP 7.276 9.274 14.896 (1.740) 31.635 404 6.707 4.527 16.n1 4.764 679 

1984 
OCT 6,1n 8,113 12,987 (3,119) 32,760 426 7,886 5,411 19,791 5,612 787 16,672 5,266 1,037 2,501 
NOV 17,830 7,681 47,711 3,645 71,985 1,200 6,528 4,485 24,229 6,792 1,056 27,874 5,202 (2, 153) 1,757 
DEC 29,280 11,494 116,958 18,154 157,197 2,859 11,328 7,975 40,195 11,108 1,997 58,349 9,889 (3,621) 2,148 
JAN 21,234 8,7n 64,836 3,931 101,812 1,797 15,049 10,723 36,980 10,311 1,625 40,911 13,345 123 1,723 
FEB 11,249 5,352 28,426 2,531 41,3n 594 6,504 4,352 12,943 3,809 580 15,474 833 (34) 5,984 
MAR 10,857 5,264 27,156 3,862 34,834 467 4,590 2,924 7,690 2,408 386 11,552 (2,342) 561 6,929 
APR 5,765 3,526 14,513 3,144 15,254 85 2,857 1,393 761 565 98 3,905 (4,852) 1,115 7,697 
MAY 3,801 7,199 1.na 530 11,8n 15 2,257 850 4,136 1,403 195 4,666 (3,859) 2,075 5,939 
JUN 3,478 7,172 6,597 1,193 7,639 (68) 1,728 376 1,102 592 84 2,295 (5,100) 4,521 6,175 
JUL 5,931 9,293 10,915 2,908 9,n8 (23) 1,615 58 (1 ,066) (43) 17 1,842 (8,633) 5,185 9,474 
AUG 4,908 8,450 9,223 2,470 8,241 (54) 1,803 192 (922) 7 18 1,548 (8,290) 4,120 9,532 

,630 .7,885 9,231 736 13,787 53 2,091 721 4,593 1,523 218 
1985 
OCT 3,066 6,420 6,685 (74) 11,875 14 2,683 1,337 5,202 1,708 233 5,128 (2,898) 643 5,615 
NOV 7,727 1o,2n 17,625 2,082 24,293 262 2,225 680 6,647 2,004 312 8,729 (5,613) (513) 8,009 
DEC 11,247 5,493 28,604 5,365 32,636 425 3,157 1,6n 4,020 1,407 251 9,385 (5,013) (1 ,385) 8,479 
JAN 5,343 3,381 13,545 2,456 15,837 96 2,707 1,380 2,288 993 151 4,744 (3,010) (213) 5,848 
FEB 5,872 3,580 14,883 3,379 15,173 84 2,373 876 293 440 82 3,672 (5,138) (69) 7,628 
MAR 3,390 6,688 7,583 1,054 9,934 (22) 2,162 605 2,350 900 129 3,404 (6,234) (510) 8,631 
APR 2,783 6,298 6,005 835 7,754 (66) 1,939 492 1,n5 n6 106 2,610 (5,380) 928 7,354 
MAY 3,052 6,721 6,184 879 7,928 (62) 1,651 348 1,782 n9 104 2,661 (4,766) 2,158 6,226 
JUN 2,869 6,758 5,347 1,395 4,n1 (125) 1,403 162 (516) 163 21 an (5,748) 4,320 6,540 
JUL 3,765 7,758 6,823 2,328 4,443 (130) 2,000 337 (2,309) (344) (38) 19 (8,255) 5,185 9,482 
AUG 2,688 6,952 5,356 2,191 2,284 (174) 2,070 364 (3,012) (526) (69) (621) (8,644) 4,127 10,129 
SEP 2.562 6.460 5.072 1.692 3.369 (152) 1.651 165 (1.664) (152) (22) 28 C7.387l 2.483 8.733 
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1986 
OCT 1,904 5,482 4,052 1,051 3,574 (148) 1,731 314 (462) 192 17 589 (5,952) 808 7,717 
NOV 2,121 5,695 4,707 908 5,262 (115) 1,652 293 539 455 54 1,447 (5,600) 52 7,341 
DEC 4,010 7,566 9,150 1,690 10,738 (5) 1,937 341 1,571 665 100 3,261 (7,544) (1 ,529) 9,876 
JAN 5,547 8,506 !12,059 1,686 15,842 96 1,819 306 3,767 1,235 188 5,453 (6,824) (1 ,602) 9,086 
FEB 26,245 10,972 175,436 38,298 208,706 3,n4 5,411 3,619 33,192 9,371 2,125 71,490 652 (6,965) 6,085 
MAR 29,125 11,427 123,142 18,572 168,171 3,057 14,710 10,469 45,001 12,395 2,220 63,573 12,016 (2,552) 3,205 
APR 8,825 4,227 22,722 (1 ,720) 45,132 667 11,556 8,063 22,415 6,360 913 20,695 6,882 649 4,704 
MAY 3,076 5,663 s.n2 (1 ,327) 15,983 94 5,256 3,431 9,238 2,7n 3n 7,911 (1,085) 1,668 6,271 
JUN 2,551 5,823 5,021 (313) 9,594 (31) 3,751 2,302 4,624 1,550 204 4,311 (2,913) 3,ne 6,188 
JUL 4,125 7,870 7,617 1,982 6,946 (81) 2,151 520 (604) 110 25 1,378 (7,252) 5,148 8,622 
AUG 3,506 7,355 6,654 2,033 5,096 (118) 2,365 636 (1,499) (130) (10) 534 (8,192) 4,127 9,968 
SEP 4,784 8,170 9,530 1,824 10,875 (3) 2,899 1,197 1,378 625 102 3,202 (7,762 1,814 1 
1987 
OCT 3,794 7,229 7,845 816 11 '102 0 2,601 1,078 3,283 1,167 166 4,099 (5,136) 1,541 7,579 
NOV 2,837 6,364 6,082 645 8,516 (51) 2,128 en 2,448 960 129 3,093 (4,787) 996 6,811 
DEC 2,990 6,511 6,527 499 9,787 (26) 2,594 1,117 3,263 1,178 161 3,762 (4,605) 359 7,273 
JAN 3,004 6,565 6,597 592 9,649 (28) 1,832 492 3,040 1,118 151 3,632 (4,336) 90 6,262 
FEB 4,542 7,n3 10,490 705 16,257 103 1,790 471 5,732 1,780 251 6,437 (4,400) (3,025) 6,857 
MAR 7,083 3,939 18,336 2,997 22,379 225 2,398 1,086 4,029 1,433 220 7,026 (2,769) (1,664) 5,610 
APR 2,552 6,139 5,516 687 7,338 (74) 2,150 695 1,849 807 107 2,536 (4,825) 1,043 7,033 
MAY 2,000 5,459 4,027 470 5,341 (114) 1,639 408 1,352 691 82 1,822 (3,863) 2,212 5,322 
JUN 1,913 5,474 3,368 808 3,058 (159) 1,494 302 (249) 266 24 559 (4,337) 4,521 5,192 
JUL 3,445 7,450 6,281 2,370 3,353 (152) 1,417 (14) (2,858) (489) (60) (488) (8,332) 5,185 8,968 
AUG 3,235 7,251 6,082 2,437 2,808 (163) 1,475 (31) (3,215) (588) (73) (778) (8,915) 4,127 9,817 
SEP 2,370 6,288 4,637 1,890 1,964 (1801 1,450 24 
1988 
OCT 1,856 5,378 3,905 763 4,210 (136) 1,190 136 325 416 45 1,088 (4,738) 998 5,919 
NOV 1,537 4,750 3,299 491 4,004 (140) 1,315 234 704 533 57 1,195 (4,075) 342 5,470 
DEC 3,850 7,608 8,344 1,824 8,886 (42) 1,321 5 522 401 62 2,346 (7,431) (696) 9,001 
JAN a,4n 4,569 22,970 6,164 20,340 186 1,531 31 (2,650) (385) (9) 3,514 (8,402) (2,002) 10,435 
FEB 2,734 6,693 5,821 2,117 3,423 (150) 1,475 (32) (2,391) (362) (45) (274) (8,864) 552 10,399 
MAR 2,369 6,103 5,084 1,273 4,724 (126) 1,862 358 (339) 211 26 934 (6,534) 822 8,458 
APR 4,300 7,899 8,n1 1,743 9,810 (24) 1,799 292 1,062 558 88 2,805 (6,782) 1,128 8,585 
MAY 2,261 5,944 4,663 866 5,245 (116) 1,444 230 613 479 57 1,479 (4,958) 1,712 6,274 
JUN 2,061 5,764 3,811 1,036 3,147 (157) 1,354 185 (611) 159 12 425 (5,087) 3,791 5,910 
JUL 3,265 7,299 5,931 2,142 3,444 (151) 1,183 (56) (2,417) (362) (45) (275) (7,577) 5,185 7,981 
AUG 2,838 6,884 5,295 2,109 2,428 (171) 1,382 (8) (2,808) (465) (61) (699) (7,985) 4,127 8,809 

19 (1.974) (228) (34) (309) (7.118) 2.693 8.133 
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1989 
OCT 1,785 5,317 3,655 808 3,614 (148) 997 68 (17) 328 32 791 (4,711) 1,393 5,642 
NOV 2,381 6,090 5,190 847 6,291 (95) 1,156 118 1,102 611 78 1,949 (4,867) 348 6,099 
DEC 2,694 6,492 5,868 1,160 6,540 (89) 1,283 100 663 4n 63 1,823 (5,808) 156 7,197 
JAN 2,790 6,762 6,110 2,065 4,110 (137) 1,342 (79) (1 ,998) (262) (31) 67 (8,715) (47) 10,213 
FEB 2,569 6,390 5,682 1,442 5,294 (114) 1,226 7 (383) 187 26 1,059 (6,855) 23 8,216 
MAR 15,506 7,089 38,841 8,420 37,353 518 1,831 201 522 460 155 8,942 (8,252) (432) 10,279 
APR 6,971 4,016 17,152 5,336 12,791 38 1,760 140 (4,342) (815) (78) 994 (8,676) 995 10,464 
MAY 3,164 6,873 6,412 995 7,970 (61) 1,537 2n 1,595 727 99 2,590 (4,914) 2,222 6,231 
JUN 2,866 6,724 5,364 1,105 5,711 (107) 1,231 162 407 421 55 1,512 (4,686) 4,426 5,281 
JUL 4,804 8,617 8,742 2,942 5,883 (101) 1,208 (155) (2,788) (489) (49) 154 (9,085) 5,185 9,532 
AUG 4,670 8,545 8,706 3,326 4,644 (125) 1,249 (259) (4,005) (825) (94) (679) (10,612) 4,008 11,338 
SEP 
1990 
OCT 3,285 7,270 6,851 2,317 4,621 (126) 1,443 (63) (2,216) (323) (35) 101 (9,052) 730 10,547 
NOV 3,156 7,053 6,703 2,020 5,302 (113) 1,355 (44) (1 ,395) (97) (6) 625 (8,279) 426 9,703 
DEC 3,699 7,601 7,675 2,362 5,950 (100) 1,430 (64) (1 ,716) (194) (15) 646 (8,990) 589 10,461 
JAN 4,826 8,421 9,908 2,516 9,423 (30) 1,310 (106) (492) 116 35 2,024 (8,869) (13) 10,296 
FEB 3,652 7,524 7,915 2,519 5,916 (100) 1,573 (58) (2,004) (291) (26) 515 (9,894) (465) 11,704 
MAR 2,703 6,540 5,808 1,947 3,917 (141) 1,631 72 (1 ,875) (222) (26) 72 (8,533) 602 10,235 
APR 3,854 7,651 7,893 2,309 6,472 (90) 1,363 (69) (1 ,394) (108) (3) 915 (8,643) 1,258 10,006 
MAY 2,147 5,559 4,618 80 7,660 (68) 1,003 225 3,064 1,162 147 3,144 (2,375) 1,070 3,398 
JUN 2,095 5,661 3,953 459 5,231 (117) 824 104 1,330 693 82 1,789 (3,149) 3,512 3,498 
JUL 2,887 6,878 5,205 1,667 3,642 (147) 854 (75) (1 ,494) (97) (13) 173 (6,190) 5,185 6,257 
AUG 2,894 6,841 5,435 1,594 4,296 (134) 879 (65) (1 ,079) 13 1 515 (6,184) 4,127 6,472 
SEP 2,025 5,740 3,943 1.188 2.918 (162) 830 
1991 
OCT 1,435 4,417 2,883 193 4,167 (137) 806 130 1,307 711 78 1,500 (2,795) 1,246 3,549 
NOV 1,463 4,482 3,039 199 4,444 (131) 918 162 1,417 739 82 1,616 (2,949) 807 3,858 
DEC 2,221 5,865 4,860 669 6,263 (95) 862 55 1,403 701 88 2,072 (4,264) 348 5,205 
JAN 1,729 5,134 3,741 567 4,550 (129) n6 38 817 559 63 1,384 (4,061) 458 4,912 
FEB 1,535 4,744 3,2n 452 4,090 (138) 721 36 813 568 61 1,265 (3,734) 373 4,521 
MAR 8,608 4,576 22,478 5,544 21,439 208 1,671 158 (1 ,059) 36 47 4,485 (7,692) (1 ,642) 9,763 
APR 2,239 5,874 4,844 1,241 4,392 (132) 1,141 13 (429) 190 22 812 (6,363) 932 7,499 
MAY 1,401 4,207 2,738 (60) 4,701 (127) m 160 1,995 902 101 1,935 (2,102) 1,712 2,686 
JUN 1,712 4,929 3,287 39 5,373 (114) 405 30 2,126 931 109 2,165 (1 ,897) 2,737 1,925 
JUL 1,751 5,225 2,860 552 2,944 (162) 401 (38) 154 394 38 706 (3,020) 5,157 2,574 
AUG 1,n3 5,300 3,122 m 2,716 (166) 439 (83) (348) 250 20 429 (3,998) 3,999 3,817 
SEP 1,930 5,487 3,757 725 4.046 (140) 512 {62) 330 425 46 1 

Note: Negative values shown in parentheses. 
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Table Bl-5. Simulated Historical Percentage Source Contributions at the CCWD Diversion and SWP and CVP Export Locations 

emil RLI~P~1 JBMI\N~~~N~; ~~)} SWP ~uM~ (~~Node N6~ t9~) / / ··-·•·-•----···• _.- CVP Pump (RMANOde No.181) . -• 

W~tE!i' ·······• <-·· .. _ •• -_ • < x~~~ ~~~a~> A~Y aedrc~·- < ~ Yaio ~stsld$ .t Ag. Benicia Yolo···-·· Etl.$tiiicl& Ag. Benicia 
. : ... ·.·>:-:-:.; ..... .. ...... >.···:····.:.;-:.,· ....... ............ ............ 

Sa,c; A. Sac~ R. SJR Byp~~~ ·.Year·•·· Selc._R,·• • $Jff • --~¥P~~~ steams orfi:IM · Boury~t!Y EP~. Sypa~s .Streams Dr~ ins Boundary sireams Drains Boundary 

1968 
OCT 53.9 15.8 0.0 21.3 9.0 0.00 11.4 81.4 0.0 3.9 3.3 0.00 3.3 92.2 0.0 1.2 3.3 0.00 
NOV 7.7 85.1 0.0 3.8 3.5 0.00 0.2 99.3 0.0 0.1 0.4 0.00 0.0 98.8 0.0 0.0 1.2 0.00 
DEC 0.5 97.7 0.0 l 0.2 0.1 0.00 0.0 99.3 0.0 0.0 0.0 0.00 0.0 99.4 0.0 0.0 0.0 0.00 
JAN 1.1 79.8 0.0 0.2 17.6 0.00 0.0 95.3 0.0 0.0 4.4 0.00 0.0 88.2 0.0 0.0 11.4 0.00 
FEB 2.2 50.3 0.0 1.7 43.7 0.00 0.0 87.3 0.0 0.0 11.4 0.00 0.0 82.4 0.0 0.0 17.1 0.00 
MAR 37.3 20.9 0.0 28.4 12.9 0.00 22.5 39.7 0.0 25.5 11.9 0.00 10.2 70.1 0.0 11.5 8.0 0.00 
APR 84.4 2.6 0.1 11.5 1.3 0.00 70.8 11.5 0.1 16.0 1.6 0.00 52.5 34.3 0.0 11.7 1.4 0.00 
MAY 91.0 0.3 0.1 3.9 4.7 0.00 90.3 2.6 0.1 6.2 0.8 0.00 79.6 12.6 0.1 5.6 2.2 0.00 
JUN 90.0 0.1 0.2 1.1 8.6 0.11 91.8 0.4 0.1 2.0 5.7 0.06 89.4 1.7 0.1 1.7 6.9 0.07 
JUL 88.4 0.0 0.1 0.3 10.4 0.70 92.0 0.1 0.1 0.5 6.9 0.44 91.1 0.3 0.1 0.4 7.6 0.48 
AUG 89.9 0.0 0.1 0.4 9.1 0.56 92.2 0.6 0.0 0.6 6.1 0.41 87.3 4.3 0.0 0.6 7.3 0.38 
SEP 92.9 0.0 0.0 0.8 6.0 0.28 93.1 1.6 0.0 1.2 3.8 0.19 81.5 12.1 0.0 1.1 5.2 0.17 
1969 
OCT 96.1 0.0 0.0 1.2 2.6 0.15 93.4 3.3 0.0 1.8 1.5 0.10 71.0 25.5 0.0 1.3 2.1 0.07 
NOV 95.6 0.3 0.0 2.7 0.3 0.03 85.0 10.0 0.0 3.0 0.9 0.02 49.5 47.4 0.0 1.7 0.5 0.01 
DEC 49.7 9.7 0.0 5.4 31.6 0.00 24.5 48.4 0.0 2.6 22.0 0.00 5.3 63.1 0.0 0.6 29.7 0.00 
JAN 0.1 39.0 0.0 0.2 58.4 0.00 0.0 94.1 0.0 0.0 5.6 0.00 0.0 83.0 0.0 0.0 16.5 0.00 
FEB 0.0 69.8 0.0 0.0 29.3 0.00 0.0 97.9 0.0 0.0 1.9 0.00 0.0 91.1 0.0 0.0 8.8 0.00 
MAR 0.0 99.6 0.0 0.0 0.4 0.00 0.0 99.9 0.0 0.0 0.1 0.00 0.0 99.8 0.0 0.0 0.2 0.00 
APR 0.0 98.9 0.0 0.0 1.1 0.00 0.0 100.0 0.0 0.0 0.0 0.00 0.0 99.5 0.0 0.0 0.5 0.00 
MAY 0.0 92.1 0.0 0.0 7.9 0.00 0.0 99.7 0.0 0.0 0.3 0.00 0.0 97.2 0.0 0.0 2.8 0.00 
JUN 0.0 88.0 0.0 0.0 12.0 0.00 0.0 99.2 0.0 0.0 0.8 0.00 0.0 95.9 0.0 0.0 4.1 0.00 
JUL 20.9 58.4 0.0 5.3 15.5 0.00 2.6 86.9 0.0 1.3 9.2 0.00 0.6 91.8 0.0 0.3 7.2 0.00 
AUG 82.2 4.0 0.0 4.3 9.4 0.00 72.1 14.8 0.0 6.2 6.9 0.00 55.1 32.7 0.0 4.7 7.6 0.00 

SEP 65.1 14.7 0.0 9.8 10.4 0.00 38.8 49.2 0.0 5.1 7.0 0.00 14.5 n.5 0.0 2.1 5.9 0.00 
1970 
OCT 20.0 70.2 0.0 4.7 5.2 0.00 0.1 99.6 0.0 0.0 0.3 0.00 0.0 99.1 0.0 0.0 0.9 0.00 
NOV 0.5 97.8 0.0 0.2 1.5 0.00 0.0 99.8 0.0 0.0 0.2 0.00 0.0 98.7 0.0 0.0 1.3 0.00 
DEC 0.9 83.5 0.0 0.5 12.5 0.00 0.0 94.5 0.0 0.0 4.6 0.00 0.0 90.6 0.0 0.0 6.4 0.00' 
JAN 0.0 38.2 0.0 0.1 59.5 0.00 0.0 88.4 0.0 0.0 10.7 0.00 0.0 64.0 0.0 0.0 35.1 0.00 

FEB 0.0 94.9 0.0 0.0 5.0 0.00 0.0 99.2 0.0 0.0 0.8 0.00 0.0 98.6 0.0 0.0 1.4 0.00 
MAR 0.1 97.4 0.0 0.2 2.3 0.00 0.0 99.7 0.0 0.0 0.3 0.00 0.0 99.5 0.0 0.0 0.5 0.00 

APR 72.6 10.6 0.0 15.6 1.3 0.00 54.5 25.0 0.0 19.8 0.6 0.00 39.5 45.9 0.0 13.7 0.9 0.00 

MAY 80.5 5.2 0.0 9.2 5.1 0.00 65.2 21.5 0.0 12.1 1.1 0.00 43.2 46.3 0.0 7.6 2.8 0.00 
JUN 85.8 1.9 0.0 3.0 9.3 0.00 75.9 12.9 0.0 4.3 6.8 0.00 53.9 35.6 0.0 2.9 7.6 0.00 

JUL 87.7 0.2 0.0 1.5 10.6 0.08 88.2 2.1 0.0 2.2 7.3 0.05 79.5 9.9 0.0 2.0 8.5 0.05 

AUG 89.6 0.0 0.0 1.8 8.5 0.06 89.4 1.6 0.0 2.6 6.3 0.05 80.8 9.2 0.0 2.3 7.6 0.04 
SEP 88.4 0.1 0.0 4.2 7.3 0.01 82.4 6.7 0.0 4.6 6.2 0.01 63.8 25.1 0.0 3.7 7.4 0.01 



Table Bl-5. Continued 

>>····· 9PWP P~mP.·~tJ~~~9~~··~~-*~l. ?••••· ·····•·•••·••••·········· ·••••·••••••••••·•••••·••·•••• ... ••••••• 
SWr ~uffip<(~~Npd~ Np- 1 ~~t ....... 

. 

pvPpli~P (f!MI\ NOde No.181) 
······· .. 

·.• . 

Water .. < . < .. Y6!o .• ~asfiilti~ \ ~9; ~Qt§~ • ~~.Ft··· 
-:::.·:::· ·::- ·-·.::.:::· .. Yotcf·. eastside 1 Dr~~~s Benlc:ia . ..: .... 

Yot6 EastSide . Ag. Benicia 

···v~.···· .·1Sac:~ R ••·.··sJJ=t •· ~yp~~* !Sti:eaifiii Ptair;s·.· Eli?~~~~y .$JR······· 13v!#is# sirei!Ms J3091ld~ry ··sac.Ft SJR Bypass streams brains Boundary! 
1971 

I 
OCT 87.1 1.5 0.0 7.5 4.0 0.00 71.2 18.0 0.0 7.0 3.8 0.00 45.9 45.8 0.0 4.7 3.6 0.00 
NOV 63.8 8.4 0.0 10.7 13.8 0.00 24.8 60.2 0.0 4.0 8.8 0.00 7.0 71.1 0.0 1.1 19.0 o.oo I 

DEC 0.5 30.7 0.0 0.2 66.0 0.00 0.0 80.0 0.0 0.0 19.3 0.00 1.0 54.1 0.0 0.2 40.3 0.00. 
JAN 0.4 82.7 0.0 I 0.5 16.0 0.00 0.0 97.2 0.0 0.0 2.7 0.00 0.0 92.3 0.0 0.0 7.5 0.00 
FEB 11.9 64.9 0.0 14.8 8.0 0.00 0.8 94.2 0.0 2.1 2.8 0.00 0.2 98.6 0.0 0.5 0.7 0.00 
MAR 51.6 20.0 0.0 24.4 3.9 0.00 34.4 36.2 0.0 24.5 4.8 0.00 20.2 61.7 0.0 14.4 3.7 0.00 
APR 70.6 7.3 0.0 20.3 1.8 0.00 52.9 21.5 0.0 24.2 1.3 0.00 34.3 48.9 0.0 15.6 1.2 0.00 
MAY 79.7 2.8 0.0 12.5 5.1 0.00 68.1 13.4 0.0 17.6 0.9 0.00 49.4 35.9 0.0 12.5 2.3 0.00 
JUN 87.7' 0.6 0.1 2.5 9.0 0.00 82.5 7.6 0.1 5.5 4.3 0.00 61.7 28.6 0.1 4.1 5.6 0.00 
JUL 87.6 0.0 0.0 1.8 10.6 0.00 90.3 0.9 0.0 3.0 5.8 0.00 83.3 6.5 0.0 2.9 7.3 0.00 
AUG 91.5 0.0 0.0 0.3 8.1 0.00 94.2 0.7 0.0 0.6 4.4 0.00 87.2 6.2 0.0 0.7 5.9 0.00 
SEP 88.3 0.0 0.0 4.7 J. 6.9 0.00 86.5 3.3 0.0 5.7 4.5 0.00 72.3 17.0 0.0 4.9 5.9 0.00 
1972 
OCT 80.0 2.3 0.0 13.5 4.2 0.00 64.8 17.5 0.0 14.6 3.2 0.00 37.5 50.8 0.0 8.7 3.1 0.00 
NOV 80.2 5.6 0.0 12.7 1.5 0.00 59.7 24.6 0.0 14.4 1.2 0.00 37.0 53.1 0.0 8.7 1.2 0.00 
DEC 61.8 15.2 0.0 11.6 8.4 0.00 32.1 54.7 0.0 6.5 4.2 0.00 11.2 79.0 0.0 2.3 6.2 0.00 
JAN 32.3 50.0 0.0 8.5 7.6 0.00 0.2 98.7 0.0 0.0 1.1 0.00 0.0 98.8 0.0 0.0 1.2 0.00 
FEB 53.3 29.7 0.0 14.0 2.6 0.00 32.2 52.3 0.0 12.0 3.0 0.00 17.4 74.1 0.0 6.5 1.8 0.00 
MAR 89.1 2.2 0.1 6.9 1.6 0.00 81.0 8.4 0.1 10.0 0.5 0.00 60.5 31.0 0.1 7.5 0.9 0.00 
APR 90.6 0.4 0.0 6.7 2.3 0.00 84.8 3.9 0.0 10.7 0.5 0.00 68.0 21.8 0.0 8.6 1.6 0.00 
MAY 92.6 0.1 0.0 2.8 4.5 0.04 92.5 1.1 0.0 4.7 1.6 0.03 83.5 8.4 0.0 5.0 3.0 0.02 
JUN 91.1 0.0 0.0 0.7 8.0 0.14 93.0 0.3 0.0 1.2 5.4 0.09 89.6 2.3 0.0 1.3 6.7 0.09 
JUL 88.8 0.0 0.0 0.1 10.9 0.20 93.1 0.0 0.0 0.2 6.5 0.14 92.2 0.2 0.0 0.2 7.2 0.14 
AUG 91.3 0.0 0.0 0.2 8.2 0.31 94.4 0.2 0.0 0.3 4.9 0.21 91.4 2.0 0.0 0.3 6.1 0.20 
SEP 94.8 0.0 0.0 1.0 4.1 0.08 93.2 2.8 0.0 1.5 2.4 0.06 71.0 24.4 0.0 1.1 3.4 0.04 
1973 
OCT 97.2 0.3 0.0 1.8 0.8 0.01 88.6 8.3 0.0 2.2 0.9 0.01 55.0 42.8 0.0 1.4 0.8 0.01 
NOV 70.8 7.4 0.0 3.3 15.5 0.00 32.0 51.9 0.0 1.4 12.5 0.00 20.6 58.1 0.0 0.5 16.9 0.00 
DEC 59.3 14.6 0.0 3.6 20.2 0.00 21.0 60.5 0.0 1.5 15.8 0.00 8.7 65.3 0.0 0.3 22.6 o.oo I 
JAN 5.8 14.7 0.0 2.0 74.0 0.00 0.1 82.6 0.0 0.0 16.4 0.00 0.0 68.5 0.0 0.0 30.7 0.00' 
FEB 0.1 69.7 0.0 0.1 29.2 0.00 0.0 94.9 0.0 0.0 4.7 0.00 0.0 81.4 0.0 0.0 18.3 o.oo I 

MAR 0.0 72.8 0.0 0.1 26.4 0.00 0.0 95.6 0.0 0.0 4.2 0.00 0.0 82.7 0.0 0.0 17.0 0.00 
APR 11.1 60.0 0.0 20.7 7.7 0.00 1.5 86.9 0.0 6.8 4.6 0.00 0.4 96.4 0.0 1.6 1.5 0.00 
MAY 74.9 6.7 0.0 13.6 4.8 0.00 60.2 19.9 0.0 18.3 1.6 0.00 38.7 46.8 0.0 11.7 2.8 0.00 
JUN 85.6 0.8 0.0 4.5 9.0 0.01 79.6 6.9 0.0 7.7 5.8 0.00 57.9 29.7 0.0 5.6 6.8 0.00 
JUL 88.3 0.2 0.1 1.4 9.8 0.22 90.6 0.9 0.1 2.3 6.1 0.15 82.8 7.1 0.1 2.3 7.6 0.14 
AUG 90.2 0.1 0.0 1.2 8.1 0.36 92.0 0.9 0.0 2.0 4.8 0.25 82.5 8.9 0.0 1.9 6.4 0.22 
SEP 91.8 0.0 

--
0.0 2.7 

-
5.5 

-
0.06 

--
89.8 3.0 

--
0.0 3.8 3.5 L_ 0.04 71.2 21.2 0.0 3.0 4.6 0.03 
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Table Bl-5. Continued 

:-·:·.:·-·.-... :·:··:-:-:::·<:" 99WD R~rri~ "J tB~ N~~~ Ncf~QEI) ) .. ••••••••• ~Pf~J!jp(~~A~~~Ncfj~a~ •··•··· CVP Pump (RMA NOde No: 181) 

w~i~ .. <·• ...•.. ..... .·• 

~c.~· . §J~ st~~s . ~J~! t[;~~A~ e::~~!y 
·.::-·: ... 

Yolo Easislde Ag. BeniCia Yolo Eastside 

s~~···· 
Ag. Benicia 

···•v&~t. St!¢.R. ayr~isS streams brains Boundary Sac~ R. SJR Bypass sit earns bra iris Boundary 

1974 
OCT 91.2 2.0 0.0 6.0 0.7 0.01 75.9 15.8 0.0 7.0 1.2 0.00 41.2 54.4 0.0 3.8 0.7 0.00 
NOV 63.0 9.6 0.1 18.7 6.9 0.00 48.5 24.2 0.0 20.6 5.0 0.00 25.2 57.1 0.0 10.9 5.7 0.00 
DEC 25.4 13.7 0.0 22.3 36.0 0.00 6.9 68.2 0.0 5.7 18.0 0.00 1.4 78.4 0.0 1.1 18.5 0.00 
JAN 0.2 66.3 0.0 I 0.2 32.0 0.00 0.0 95.3 0.0 0.0 4.3 0.00 0.0 86.4 0.0 0.0 13.3 0.00 
FEB 35.2 39.8 0.0 21.1 3.6 0.00 18.8 60.5 0.0 16.9 3.5 0.00 5.0 89.3 0.0 4.4 1.2 0.00 
MAR 27.8 28.0 0.0 40.1 4.0 0.00 17.5 42.5 0.0 35.5 4.6 0.00 6.7 76.8 0.0 13.7 2.7 0.00 
APR 17.4 39.3 0.0 39.3 4.0 0.00 4.1 81.5 0.0 11.6 2.8 0.00 0.7 96.2 0.0 2.0 1.1 0.00 
MAY 64.8 12.9 0.0 18.1 4.3 0.00 48.9 29.4 0.0 20.8 0.9 0.00 24.4 63.4 0.0 10.4 1.8 0.00 
JUN 81.5 3.2 0.0 7.9 7.4 0.00 69.9 14.4 0.0 12.0 3.7 0.00 39.1 49.5 0.0 6.7 4.7 0.00 
JUL 89.5 0.1 0.1 1.5 8.9 0.01 91.4 1.4 0.0 2.8 4.4 0.01 73.5 17.7 0.0 2.6 6.2 0.00 
AUG 90.7 0.0 0.0 1.5 7.7 0.01 91.9 1.5 0.0 2.7 3.9 0.00 74.3 17.9 0.0 2.3 5.5 0.00 
SEP 83.4 1.7 0.0 7.0 7.8 0.00 71.6 14.4 0.0 9.0 5.0 0.00 41.7 47.7 0.0 5.3 5.3 0.00 
1975 
OCT 68.6 16.7 0.0 11.4 3.3 0.00·. 49.5 38.0 0.0 10.7 1.8 0.00 23.1 70.3 0.0 5.0 1.6 0.00 
NOV 33.6 56.2 0.0 8.2 2.0 0.00 0.1 99.6 0.0 0.0 0.3 0.00 11.1 85.0 0.0 2.4 1.5 0.00 
DEC 29.7 56.8 0.0 10.9 0.6 0.00 1.3 97.6 0.0 0.5 0.1 0.00 0.7 97.4 0.0 0.2 0.2 0.00 
JAN 71.5 22.1 0.0 5.9 0.2 0.00 47.1 47.3 0.0 5.1 0.3 0.00 13.3 85.0 0.0 1.5 0.1 0.00 
FEB 18.3 34.3 0.0 14.6 30.8 0.00 12.3 52.8 0.0 11.6 21.5 0.00 1.8 81.8 0.0 1.8 14.0 0.00 
MAR 13.0 33.8 0.0 38.7 13.8 0.00 7.5 51.0 0.0 30.1 10.8 0.00 1.5 85.7 0.0 6.1 6.4 0.00 
APR 44.9 19.7 0.1 34.4 0.9 0.00 29.2 36.0 0.0 33.7 1.0 0.00 13.8 69.7 0.0 15.9 0.5 0.00 
MAY 50.1 17.2 0.0 27.2 5.5 0.00 35.5 34.7 0.0 28.7 1.1 0.00 17.5 66.1 0.0 14.1 2.3 0.00 
JUN 39.2 32.5 0.0 17.3 11.0 0.00 24.2 52.0 0.0 16.7 7.1 0.00 9.3 78.6 0.0 6.1 6.0 0.00 
JUL 84.3 1.3 0.0 3.6 10.8 0.00 80.7 6.4 0.0 5.9 7.0 0.00 69.8 17.3 0.0 4.8 8.2 0.00 
AUG 90.1 0.2 0.0 2.3 7.5 0.01 90.2 2.2 0.0 . 3.8 3.8 0.00 71.1 20.6 0.0 3.0 5.2 0.00 
SEP 88.7 0.4 0.0 4.6 6.3 0.00 80.8 7.9 0.0 7.8 3.5 0.00 49.1 41.8 0.0 4.7 4.4 0.00 
1976 
OCT 73.4 15.5 0.0 10.8 0.4 0.00 53.3 35.1 0.0 11.2 0.4 0.00 17.7 78.4 0.0 3.7 0.1 0.00 
NOV 79.9 9.4 0.0 9.5 1.1 0.00 62.3 26.3 0.0 11.2 0.2 0.00 26.6 68.2 0.0 4.8 0.4 o.oo I 

DEC 86.8 7.6 0.0 4.7 0.8 0.00 69.8 25.1 0.0 4.9 0.2 0.00 31.3 66.2 0.0 2.2 0.3 0.00 
JAN 93.5 4.2 0.0 1.7 0.7 0.00 78.6 19.3 0.0 1.9 0.2 0.00 39.7 59.0 0.0 1.0 0.4 0.00 
FEB 97.1 1.0 0.0 1.6 0.3 0.01 88.2 9.7 0.0 2.1 0.1 0.00 59.7 38.7 0.0 1.4 0.2 0.00 
MAR 96.9 0.3 0.0 1.4 1.4 0.03 92.3 5.4 0.0 2.0 0.2 0.02 65.7 32.0 0.0 1.5 0.8 0.01 
APR 95.9 0.5 0.0 2.2 1.4 0.01 90.5 6.3 0.0 2.8 0.4 0.01 72.8 23.9 0.0 2.3 1.0 0.01 
MAY 94.7 0.1 0.0 0.8 4.3 0.05 95.2 2.2 0.0 1.4 1.1 0.03 84.8 11.5 0.0 1.2 2.4 ·0.03 
JUN 90.8 0.0 0.0 0.2 8.7 0.24 92.6 0.8 0.0 0.4 6.0 0.13 87.8 4.2 0.0 0.3 7.5 0.14 
JUL 89.0 0.0 0.0 0.0 10.4 0.52 91.8 0.2 0.0 0.1 7.6 0.36 89.7 1.2 0.0 0.1 8.7 0.36 
AUG 91.7 0.0 0.0 0.1 7.5 0.79 93.5 1.1 0.0 0.2 4.7 0.54 83.5 9.8 0.0 0.1 6.0 0.48 
SEP 92.8 0.0 0.0 1.6 4.6 1.09 92.9 1.3 0.0 2.7 2.4 0.71 78.7 14.7 0.0 2.3 3.6 0.60 

-- -



1977 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1978 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1979 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

95.8 
97.3 
96.7 
97.8 
98.4 
98.4 
94.5 
95.3 
89.6-
85.1 
86.5 
90.2 

92.2 
97.2 
81.2 
26.7 
26.2 

1.3 
0.0 
0.0 

48.6 
84.8 
87.4 
85.6 

73.7 
74.6 
87.1 
29.9 

0.5 
0.3 

47.2 
74.1 
83.9 
89.4 
88.9 
90.7 

0.0 
0.2 
0.9 
0.1 
0.2 
0.2 
0.2 
0.1 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
1.7 

23.5 
50.9 
95.9 
95.5 
34.1 
3.2 
0.9 
0.8 

9.6 
14.6 

7.1 
14.3 
47.2 
82.4 
24.8 
4.6 
0.7 
0.1 
0.1 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.3 
1.0 
1.6 
0.6 
0.6 
0.7 
0.8 
0.3 
0.2 
0.0 
0.0 
0.0 

0.0 
0.1 
2.4 

19.2 
21.5 

1.7 
0.0 
0.0 
7.2 
1.2 
2.5 
7.3 

11.9 
9.8 
5.7 
4.6 
0.2 
1.4 

26.4 
16.4 
6.4 
1.8 
1.3 
2.2 

2.2 
1.1 
0.6 
0.1 
0.1 
0.1 
3.9 
3.9 
9.7 

14.1 
12.4 
8.6 

6.7 
1.6 

13.5 
49.4 
27.3 
44.5 

4.1 
4.4 

10.1 
10.6 
8.9 
6.3 

4.8 
0.6 
0.1 

47.2 
50.2 
15.7 

1.5 
4.9 
9.0 
8.4 
8.4 
6.1 

0.69 
0.44 
0.22 
0.38 
0.39 
0.55 
0.53 
0.48 
0.55 
0.81 
1.16 
1.28 

1.15 
0.89 
0.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
0.33 
0.04 

0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,01 
0.31 
1.35 
1.00 

91.1 
90.4 
83.5 
94.0 
92.7 
93.9 
95.4 
96.2 
91.1 
87.4 
89.1 
91.9 

89.0 
91.9 
81.7 
29.0 
17.7 

0.0 
0.0 
0.0 

32.1 
86.9 
88.4 
75.7 

55.0 
53.2 
68.6 

5.7 
0.0 
0.0 

29.7 
59.4 
76.0 
90.9 
91.1 
90.0 
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4.8 
7.1 

14.0 
3.9 
5.7 
4.7 
2.5 
2.2 
0.1 
0.0 
0.0 
0.0 

2.3 
4.9 
2.7 
9.0 

48.4 
96.6 
99.6 
99.8 
56.3 
5.3 
2.3 
9.3 

29.5 
36.2 
25.3 
74.0 
92.8 
98.9 
43.3 
17.0 
7.4 
1.2 
1.1 
2.1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.3 
1.4 
1.8 
0.9 
0.9 
0.9 
1.1 
0.4 
0.3 
0.1 
0.0 
0.0 

0.0 
0.1 
3.2 

34.0 
20.7 
0.0 
0.0 
0.0 
6.8 
1.5 
4.2 

11.7 

12.8 
9.4 
6.0 
0.7 
0.0 
0.0 

25.5 
22.5 
10.6 

2.9 
2.4 
4.1 

1.4 
0.8 
0.6 
0.1 
0.1 
0.1 
0.6 
0.8 
8.2 

12.0 
10.2 
7.3 

7.9 
2.3 
9.6 

25.1 
12.2 

3.3 
0.4 
0.2 
4.8 
6.2 
4.9 
3.3 

2.7 
0.6 
0.1 

18.0 
6.9 
1.1 
1.4 
1.1 
6.0 
4.8 
4.5 
3.2 

0.44 
0.28 
0.16 
0.23 
0.25 
0.32 
0.35 
0.31 
0.34 
0.53 
0.75 
0.88 

0.77 
0.62 
0.14 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
0.22 
0.03 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.21 
0.90 
0.63 

68.9 
65.8 
57.2 
71.3 
71.2 
77.3 
91.8 
88.0 
88.3 
84.8 
87.9 
91.2 

84.3 
77.9 
58.6 
11.7 

2.2 
0.0 
0.0 
0.0 
7.0 

70.0 
73.3 
46.0 

23.9 
21.7 
33.1 

0.9 
0.0 
0.0 

11.9 
33.3 
51.0 
77.2 
75.1 
66.6 

Yolo EaStside Ag. • · Benicia I .... ··r ····· ··:-r: 
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27.3 
31.8 
40.8 
27.0 
27.6 
21.6 

4.8 
8.9 
0.1 
0.0 
0.0 
0.1 

5.0 
19.2 
18.2 
42.1 
85.9 
93.2 
99.2 
98.5 
87.4 
21.2 
16.3 
42.8 

67.7 
73.9 
64.0 
81.1 
79.3 
97.9 
77.3 
51.1 
34.4 
13.1 
15.5 
25.7 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.7 
1.0 
1.2 
0.7 
0.7 
0.7 
1.0 
0.4 
0.3 
0.1 
0.0 
0.0 

~0 

0.1 
~3 

1&8 
~6 

0~ 

0~ 

~0 

1.5 
12 
&7 
~1 

5.6 
3.8 
2.9 
0.1 
0.0 
0.0 

10.1 
12.6 
7.1 
3.0 
2.4 
3.0 

1.8 
1.2 
0.7 
0.1 
0.1 
0.0 
1.9 
2.4 

11.0 
14.6 
11.4 
7.9 

10.0 
2.2 

18.3 
30.6 

9.0 
6.7 
0.8 
1.5 
4.2 
7.5 
6.5 
4.1 

2.8 
0.3 
0.0 

17.0 
20.2 

2.1 
0.6 
3.0 
7.5 
6.5 
6.2 
4.2 

0.33 
0.20 
0.11 
0.18 
0.19 
0.26 
0.34 
0.28 
0.33 
0.52 
0.76 
0.86 

0.72 
0.53 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 
0.18 
0.02 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
0.73 
0.46 
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. SJ~f· Yohf $s\$1de Ag.·.· .· .. Elenida YOlo eastside Ag. Benicia 
fE!i!lt .. §Et¢,.F:L >~¥P~~¥ $1r~ifis • Pi'~Jri!i .· Ji¢1Jh##fY ~9-ffi •~v~ss ·streams brains Boundary sac. A. SJR Bwass Sti'eams brains Boundary 

1980 
OCT 90.8 1.5 0.0 6.6 1.0 0.21 76.8 12.9 0.0 9.3 0.9 0.12 42.8 51.3 0.0 5.2 0.7 0.07 
NOV 87.2 3.8 0.0 8.6 0.1 0.02 61.1 29.3 0.0 9.1 0.1 0.01 17.4 79.7 0.0 2.6 0.1 0.00 
DEC 74.8 5.5 0.0 8.0 9.9 0.00 44.0 40.1 0.0 6.7 7.8 0.00 10.0 76.2 0.0 1.5 9.6 0.00 
JAN 0.6 40.7 0.0 I 0.5 55.9 0.00 0.0 92.0 0.0 0.0 7.7 0.00 3.7 72.6 0.0 0.6 17.6 0.00 
FEB 0.0 76.6 0.0 0.1 22.5 0.00 0.0 98.3 0.0 0.0 1.6 0.00 0.0 94.5 0.0 0.0 5.3 0.00 
MAR 0.0 98.6 0.0 0.0 1.4 0.00 0.0 99.8 0.0 0.0 0.2 0.00 0.0 99.8 0.0 0.0 0.2 0.00 
APR 0.2 98.6 0.0 1.0 0.3 0.00 0.0 100.0 0.0 0.0 0.0 0.00 0.0 100.0 0.0 0.0 0.0 0.00 
MAY 0.3 90.8 0.0 1.1 7.7 0.00 0.0 99.4 0.0 0.0 0.6 0.00 0.0 97.9 0.0 0.0 2.1 0.00 
JUN 49.8 25.4 0.0 15.1 9.7 0.00 32.2 47.7 0.0 14.7 5.4 0.00 7.6 83.6 0.0 3.5 5.4 0.00 
JUL 81.5 3.2 0.0 5.2 10.1 0.00 71.5 14.2 0.0 7.7 6.6 0.00 47.0 40.9 0.0 5.0 7.1 0.00 
AUG 89.5 0.3 0.0 1.5 8.5 0.09 89.9 2.8 0.0 2.5 4.8 0.06 68.9 23.1 0.0 1.9 6.0 0.05 
SEP 85.6 4.0 0.0 4.2 6.2 0.03 71.7 18.9 0.0 5.4 4.0 0.02 33.3 59.9 0.0 2.5 4.3 0.01 
1981 
OCT 79.1 11.6 0.0 5.6 3.6 0.01 60.1 31.7 0.0 5.9 2.2 0.00 25.0 70.2 0.0 2.5 2.3 0.00 
NOV 82.4 8.5 0.0 6.9 2.2 0.01 64.8 26.2 0.0 7.9 1.1 0.00 33.7 60.9 0.0 4.1 1.3 0.00 
DEC 89.2 5.4 0.0 4.6 0.1 0.00 72.6 21.5 0.0 5.0 0.2 0.00 38.4 58.5 0.0 2.6 0.1 0.00 
JAN 63.2 6.1 0.0 5.0 23.1 0.00 56.5 20.9 0.0 6.4 13.7 0.00 24.2 56.4 0.0 2.7 15.2 0.00 
FEB 88.3 3.6 0.4 2.8 4.3 0.00 72.3 18.4 0.3 3.4 5.1 0.00 37.1 57.5 0.1 1.8 3.3 0.00 
MAR 50.3 17.6 0.1 12.8 18.1 0.00 30.5 44.0 0.1 10.0 14.6 0.00 7.4 77.2 0.0 2.4 12.5 0.00 
APR 90.7 1.9 0.0 6.3 1.0 0.00 77.2 13.1 0.0 8.2 1.4 0.00 42.6 52.0 0.0 4.5 0.8 0.00 
MAY 89.8 2.2 0.0 4.6 3.5 0.00 77.7 15.5 0.0 5.8 1.0 0.00 52.3 41.3 0.0 3.8 2.6 0.00 
JUN 90.1 0.5 0.0 1.4 7.9 0.01 85.9 6.1 0.0 2.5 5.5 0.00 72.2 18.9 0.0 1.9 7.1 0.00 
JUL 89.8 0.0 0.0 0.3 9.6 0.25 92.0 1.1 0.0 0.4 6.2 0.17 82.1 9.6 0.0 0.4 7.7 0.15 
AUG 89.7 0.0 0.0 0.2 8.7 1.36 92.9 1.1 0.0 0.3 4.8 0.92 78.8 13.5 0.0 0.3 6.6 0.77 
SEP 92.3 0.0 0.0 0.6 6.2 0.97 92.8 2.0 0.0 0.9 3.6 0.63 75.3 18.4 0.0 0.7 5.1 0.51 
1982 
OCT 97.1 0.0 0.0 1.6 0.9 0.46 90.3 6.2 0.0 2.0 1.2 0.28 53.6 44.2 0.0 1.2 0.9 0.17 
NOV 88.8 1.3 0.2 7.1 0.9 0.07 72.7 15.6 0.1 9.1 0.8 0.05 32.1 61.8 0.1 4.0 0.9 0.02 
DEC 46.3 5.4 0.1 28.4 18.6 0.00 30.8 28.0 0.0 28.1 12.2 0.00 8.4 64.1 0.0 7.6 19.3 0.00 
JAN 7.1 8.6 0.0 26.7 54.2 0.00 3.5 47.8 0.0 16.2 30.1 0.00 0.6 62.8 0.0 2.7 32.9 0.00 
FEB 15.7 24.1 0.0 45.3 14.2 0.00 9.5 42.0 0.0 40.8 7.1 0.00 1.4 86.7 0.0 6.0 5.7 0.00 
MAR 4.4 30.3 0.0 29.9 33.5 0.00 2.0 63.3 0.0 20.6 13.0 0.00 0.2 86.4 0.0 1.8 11.2 0.00 
APR 0.0 74.7 0.0 0.2 24.6 0.00 0.0 98.6 0.0 0.0 1.4 0.00 0.0 95.6 0.0 0.0 4.4 0.00 
MAY 0.0 95.1 0.0 0.0 4.9 0.00 0.0 99.8 0.0 0.0 0.2 0.00 0.0 98.8 0.0 0.0 1.2 0.00 
JUN 6.8 66.9 0.0 13.6 12.7 0.00 0.0 97.2 0.0 0.1 2.7 0.00 0.0 95.8 0.0 0.0 4.2 0.00 
JUL 28.8 42.6 0.0 14.7 13.9 0.00 10.7 70.4 0.0 9.5 9.4 0.00 2.2 89.2 0.0 1.9 6.7 0.00 
AUG 81.9 4.7 0.0 4.6 8.8 0.00 70.2 17.9 0.0 6.4 5.5 0.00 39.3 51.3 0.0 3.6 5.8 0.00 
SEP 44.0 44.0 0.0 --~&_ L___~.4 0.00 17.4, 77.3 0.0 3.9 1.3 0.00 2.8 95.3 0.0 0.6 1.2 0.00 
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1983 
OCT 24.6 63.0 0.0 10.6 1.9 0.00 3.0 95.7 0.0 1.1 0.3 0.00 0.3 99.1 0.0 0.1 0.4 0.00 
NOV 10.4 49.1 0.0 24.8 13.2 0.00 4.2 74.9 0.0 12.1 7.3 0.00 0.6 91.9 0.0 1.7 5.3 0.001 
DEC 0.1 49.2 0.0 0.6 48.1 0.00 0.0 96.7 0.0 0.0 3.1 0.00 0.0 90.3 0.0 0.0 9.5 0.00 I 

JAN 0.0 44.2 0.0 I 0.4 53.2 0.00 0.0 97.0 0.0 0.0 2.8 0.00 0.0 91.1 0.0 0.0 8.6 0.00 
FEB 0.0 76.5 0.0 0.0 22.8 0.00 0.0 98.6 0.0 0.0 1.3 0.00 0.0 94.8 0.0 0.0 5.1 0.00 
MAR 0.0 71.5 0.0 0.0 27.6 0.00 0.0 97.8 0.0 0.0 1.9 0.00 0.0 90.6 0.0 0.0 9.2 0.00 
APR 0.0 99.2 0.0 0.0 0.8 0.00 0.0 99.8 0.0 0.0 0.1 0.00 0.0 99.8 0.0 0.0 0.2 0.00 
MAY 0.0 98.1 0.0 0.0 1.9 0.00 0.0 99.9 0.0 0.0 0.1 0.00 0.0 99.4 0.0 0.0 0.6 0.00 
JUN 0.0 89.9 0.0 0.0 10.1 0.00 0.0 99.5 0.0 0.0 0.5 0.00 0.0 97.0 0.0 0.0 3.0 0.00 
JUL 0.0 84.1 0.0 0.0 15.9 0.00 0.0 98.8 0.0 0.0 1.2 0.00 0.0 96.6 0.0 0.0 3.4 0.00 
AUG 26.2 51.2 0.0 12.3 10.2 0.00 12.1 73.7 0.0 8.4 5.8 0.00 1.6 93.6 0.0 1.1 3.8 0.00 
SEP 0.1 92.3 0.0 0.1 . - 7.4 0.00 0.0 99.4 0.0 0.0 0.6 0.00 0.0 98.4 0.0 0.0 1.6 0.00 
1984 ' 
OCT 0.0 96.0 0.0 0.0 4.0 0.00 0.0 99.8 0.0 0.0 0.2 0.00 0.0 98.9 0.0 0.0 1.1 0.00 
NOV 0.0 68.7 0.0 0.0 29.1 0.00 0.0 96.1 0.0 0.0 3.2 0.00 0.0 80.3 0.0 0.0 19.0 0.00 
DEC 0.0 64.6 0.0 0.0 34.1 0.00 0.0 96.3 0.0 0.0 3.1 0.00 0.0 85.1 0.0 0.0 14.6 0.00 
JAN 0.0 98.5 0.0 0.0 1.5 0.00 0.0 99.8 0.0 0.0 0.2 0.00 0.0 99.7 0.0 0.0 0.3 0.00 
FEB 0.2 91.2 0.0 1.0 7.6 0.00 0.0 99.4 0.0 0.0 0.6 0.00 0.0 99.3 0.0 0.0 0.7 0.00 
MAR 18.7 58.9 0.0 21.9 0.5 0.00 8.7 75.5 0.0 15.4 0.4 0.00 1.2 96.5 0.0 2.2 0.1 0.00 
APR 63.8 16.9 0.2 17.4 1.7 0.00 45.3 35.7 0.1 18.5 0.4 0.00 19.0 72.3 0.1 7.7 0.9 0.00 
MAY 74.7 8.5 0.0 12.1 4.7 0.00 57.1 26.9 0.0 14.7 1.4 0.00 26.5 63.5 0.0 6.8 3.2 0.00 
JUN 86.3 0.9 0.0 4.2 8.7 0.00 78.7 8.5 0.0 6.6 6.2 0.00 52.5 35.6 0.0 4.4 7.6 0.00 
JUL 89.7 0.1 0.0 1.5 8.6 0.02 90.3 1.8 0.0 2.7 5.2 0.01 72.5 18.6 0.0 2.2 6.7 0.01 
AUG 90.7 0.0 0.0 2.0 7.2 0.03 88.9 2.4 0.0 4.0 4.6 0.02 65.3 25.9 0.0 2.9 5.8 0.01 
SEP 83.3 3.0 0.0 8.0 5.7 0.00 68.3 17.3 0.0 10.1 4.3 0.00 36.5 53.5 0.0 5.4 4.6 0.00 
1985 
OCT 67.4 19.5 0.0 11.9 1.3 0.00 47.2 40.6 0.0 11.2 1.0 0.00 19.4 75.3 0.0 4.6 0.7 0.00 
NOV n.1 4.9 0.0 10.7 5.6 0.00 63.8 17.3 0.0 14.3 3.0 0.00 32.6 54.9 0.0 7.3 4.1 0.00 
DEC 55.4 15.0 0.1 11.9 16.5 0.00 41.5 34.1 0.0 13.4 10.0 0.00 12.5 74.8 0.0 4.0 8.2 0.00 
JAN 59.3 21.2 0.1 11.0 8.0 0.00 39.1 43.0 0.1 9.8 7.7 0.00 16.2 74.9 0.0 4.0 4.6 0.00 
FEB 74.7 8.8 0.1 11.3 5.0 0.00 57.3 24.1 0.1 13.2 5.2 0.00 29.0 60.6 0.0 6.7 3.6 0.00 
MAR 80.5 3.0 0.0 9.6 6.7 0.00 66.5 14.2 0.0 13.1 6.1 0.00 34.9 52.4 0.0 6.9 5.7 0.00 
APR 87.5 2.2 0.0 9.1 1.1 0.00 73.0 13.1 0.0 12.9 1.0 0.00 43.7 47.8 0.0 7.7 0.9 0.00 
MAY 89.8 0.9 0.0 5.0 4.3 0.01 80.4 10.4 0.0 7.8 1.4 0.01 50.5 41.2 0.0 4.9 3.3 0.00 
JUN 90.4 0.1 0.0 1.4 8.0 0.07 88.3 3.9 0.0 2.3 5.5 0.04 66.0 25.0 0.0 1.7 7.2 0.03 
JUL 89.8 0.0 0.0 0.4 9.3 0.47 89.8 3.0 0.0 0.6 6.1 0.32 65.5 26.6 0.0 0.5 7.2 0.23 
AUG 89.2 0.1 0.0 0.4 8.5 1.94 88.8 3.8 0.0 0.7 5.4 1.28 60.5 31.9 0.0 0.4 6.3 0.87 
SEP 90.8 0.1 0.0 1.0 5.9 2.25 90.0 3.5 0.0 1.7 3.4 1.41 64.2 29.3 0.0 1.2 4.3 1.01 
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1986 
OCT 94.6 0.3 0.0 1.9 1.7 1.57 87.8 7.2 0.0 2.6 1.3 0.97 56.9 39.4 0.0 1.7 1.4 0.63 
NOV 92.5 0.5 0.0 3.1 1.4 0.76 84.5 8.7 0.0 4.1 0.6 0.45 53.4 41.4 0.0 2.6 1.0 0.29 
DEC 80.2 0.6 0.0 4.0 13.8 0.11 75.5 7.9 0.0 6.4 8.9 0.06 40.2 44.2 0.0 3.4 11.3 0.03 
JAN 77.1 0.9 0.0 I 8.1 12.9 0.01 67.8 7.9 0.0 12.7 10.5 0.00 38.1 41.8 0.0 7.2 12.2 0.00 
FEB 5.6 5.7 0.0 3.3 82.0 0.00 0.2 86.5 0.0 0.1 12.4 0.00 0.0 79.3 0.0 0.0 20.2 0.00 
MAR 0.0 75.8 0.0 0.0 23.5 0.00 0.0 98.1 0.0 0.0 1.6 0.00 0.0 92.0 0.0 0.0 7.8 0.00 
APR 0.0 99.9 0.0 0.0 0.1 0.00 0.0 100.0 0.0 0.0 0.0 0.00 0.0 99.9 0.0 0.0 0.1 0.00 
MAY 7.7 71.5 0.0 16.6 4.2 0.00 1.0 93.9 0.0 4.4 0.7 0.00 0.1 97.6 0.0 0.5 1.8 0.00 
JUN 43.0 34.3 0.0 13.4 8.7 0.00 23.8 59.9 0.0 11.2 5.1 0.00 4.4 88.7 0.0 2.1 4.8 0.00 
JUL 85.9 1.7 0.0 2.8 9.5 0.02 82.0 7.6 0.0 4.1 6.2 0.01 56.8 33.0 0.0 2.9 7.2 0.01 
AUG 88.5 0.8 0.1 2.4 8.1 0.14 83.2 7.5 0.0 4.0 5.2 0.09 52.1 39.4 0.0 2.5 5.9 0.06 
SEP 88.1 3.7 0.0 4.6 3.6 0.04 74.6 17.2 0.0 6.5 1.8 0.02 32.3 62.6 0.0 2.8 2.3 0,01 

1987 
OCT 80.9 7.2 0.0 8.3 3.6 0.00 64.8 23.0 0.0 10.4 1.8 0.00 32.0 60.8 0.0 5.1 2.1 0.00 
NOV 85.3 4.4 0.0 8.2 2.1 0.00 69.7 18.5 0.0 10.7 1.1 0.00 38.4 54.3 0.0 5.9 1.5 0.00 
DEC 82.2 9.5 0.0 7.9 0.1 0.00 63.2 27.5 0.0 8.9 0.2 0.00 29.7 65.9 0.0 4.2 0.1 0.00 
JAN 87.0 3.8 0.0 6.5 1.3 0.00 72.9 17.3 0.0 8.1 0.3 0.00 45.1 47.9 0.0 5.0 1.0 0.00 
FEB 63.0 3.9 0.0 6.2 24.9 0.00 56.0 15.0 0.0 7.9 19.1 0.00 30.6 42.4 0.0 4.3 21.3 0.00 

MAR 51.2 14.7 0.0 11.8 20.8 0.00 32.7 37.4 0.0 10.3 18.2 0.00 7.5 76.1 0.0 2.4 13.5 0.00 

APR 84.6 4.4 0.0 7.8 3.0 0.00 68.5 18.6 0.0 9.6 3.0 0.00 40.8 51.2 0.0 5.7 2.2 0.00 
MAY 88.7 2.0 0.0 4.8 4.5 0.02 77.2 14.5 0.0 6.1 2.1 0.01 48.9 43.4 0.0 3.9 3.8 0.01 
JUN 88.0 0.5 0.1 2.4 8.8 0.18 82.6 6.9 0.0 3.5 6.8 0.10 60.5 28.7 0.0 2.5 8.2 0.07 
JUL 87.6 0.1 0.1 1.0 9.8 1.54 89.8 1.4 0.1 1.6 6.1 1.05 74.5 15.6 0.1 1.4 7.6 0.87 

AUG 88.0 0.0 0.1 0.9 8.2 2.85 90.0 1.4 0.1 1.8 4.9 1.94 72.5 18.1 0.1 1.5 6.3 1.56 

SEP 89.3 0.0 0.1 1.0 5.9 3.92 90.1 2.0 0.1 1.9 3.5 2.63 69.3 22.7 0.1 1.4 4.6 2.02 
1988 
OCT 94.4 0.0 0.0 1.4 2.3 2.01 91.6 3.3 0.0 2.2 1.6 1.31 70.8 24.5 0.0 1.7 2.0 1.00 

NOV 96.2 0.2 0.0 1.6 0.5 1.00 89.4 6.4 0.0 2.2 0.9 0.64 65.0 31.9 0.0 1.6 0.6 0.46 
DEC 90.0 0.1 0.0 1.2 6.8 0.29 89.5 3.3 0.0 1.9 3.6 0.17 62.5 28.4 0.0 1.3 6.3 0.12 

JAN 79.8 0.0 1.8 1.5 15.3 0.08 80.7 3.2 1.6 2.4 10.7 0.05 50.2 31.7 1.0 1.5 14.5 0.03 

FEB 95.2 0.0 1.7 1.2 1.4 0.07 92.1 2.3 1.3 2.2 1.8 0.04 65.1 30.5 0.9 1.6 1.6 0.03 

MAR 95.5 0.2 0.6 2.3 1.2 0.23 88.4 6.3 0.4 3.3 1.3 0.14 55.6 40.7 0.3 2.1 1.2 0.09 

APR 95.4 0.3 0.1 2.4 1.7 0.08 89.1 6.8 0.1 3.4 0.5 0.05 58.1 38.3 0.1 2.2 1.3 0.03 

MAY 94.1 0.4 0.1 1.9 3.5 0.05 88.7 7.8 0.0 2.7 0.8 0.03 59.1 36.5 0.0 1.8 2.6 0.02 

JUN 90.8 0.1 0.1 1.1 7.6 0.26 88.5 4.6 0.1 1.7 4.9 0.16 66.2 25.8 0.0 1.3 6.6 0.12 

JUL 88.6 0.0 0.1 0.4 9.6 1.33 91.1 1.1 0.1 0.8 6.1 0.91 79.8 11.0 0.1 0.7 7.7 0.80 

AUG 88.7 0.0 0.1 0.4 8.1 2.86 90.7 1.5 0.1 0.8 5.2 1.90 74.6 16.7 0.1 0.6 6.5 1.56 

SEP 90.4 0.0 0.1 0.5 5.9 3.34 91.6 1.8 0.1 0.9 3.6 2.18 74.0 18.9 0.1 0.7 4.7 1.76 
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1989 
OCT 
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DEC 
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JUL 
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1990 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
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SEP 
1991 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
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Yolo I Easisldej. Ag. 
SJFi I Bypass streams Drains 

Benicia 
Boundary 

94.4 
97.6 
96.7 
95.6 
95.2 
86.3 
95.0 
90.8 
90.4 
90.6 
91.6 
97.1 

97.7 
97.8 
97.9 
96.7 
93.7 
96.2 
95.7 
93.5 
89.8 
89.3 
90.3 
92.3 

93.5 
94.1 
97.4 
98.5 
98.0 
78.0 
92.3 
87.2 
86.3 
86.0 
88.0 
90.7 

0.0 
0.0 
0.1 
0.0 
0.0 
0.2 
0.1 
0.3 
0.1 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 

0.0 
0.1 
0.2 
0.1 
0.1 
0.2 
0.1 
0.2 
0.3 
0.0 
0.0 
0.0 

0.0 0.5 3.2 2.00 92.8 2.8 0.0 0.8 2.3 1.34 74.4 20.9 0.0 0.6 3.0 1.07 
0.0 0.8 0.4 0.71 93.3 3.9 0.0 1.1 0.8 0.47 69.3 28.5 0.0 0.9 0.6 0.34 
0.0 1.0 0.9 0.23 93.0 3.9 0.0 1.4 0.4 0.15 68.9 28.2 0.0 1.0 0.8 0.11 
0.1 I 0.8 2.7 0.47 93.4 2.2 0.1 1.3 2.5 0.30 67.7 27.8 0.1 1.0 3.1 0.21 
0.1 1.5 2.7 0.44 91.4 2.6 0.1 2.3 3.2 0.27 68.2 26.7 0.0 1.7 3.2 0.20 
o.1 8.1 5.2 o.o5 n.1 4.6 0.1 13.5 4.6 o.o3 47.1 39.7 o.o 8.2 4.9 o.o2 
0.3 3.4 1.2 0.02 88.4 3.8 0.3 6.8 0.7 0.01 56.2 38.4 0.2 4.3 0.9 0.01 
0.0 4.3 4.6 0.00 84.0 7.0 0.0 7.3 1.6 0.00 55.6 36.0 0.0 4.8 3.5 0.00 
0.0 1.1 8.4 0.02 88.1 3.8 0.0 2.0 6.1 0.01 70.1 20.6 0.0 1.5 7.7 0.01 
0.1 0.2 8.9 0.28 93.3 0.8 0.0 0.4 5.3 0.19 82.4 9.9 0.0 0.4 7.1 0.17 
0.1 0.2 7.2 0.98 94.2 . 0.7 0.1 0.5 3.9 0.65 81.9 11.3 0.0 0.4 5.9 0.55 
0.1 0.7 •• 1.6 0.67 96.0 1.6 0.0 1.2 0.7 0.41 72.8 24.7 0.0 0.9 1.3 0.31 

--i 

0.1 0.6 1.0 
0.1 1.3 0.2 
0.1 0.8 0.7 
0.0 1.0 1.3 
0.1 1.6 4.0 
0.1 2.5 0.6 
0.1 1.8 1.9 
0.0 4.6 1.7 
0.0 2.7 7.3 
0.0 0.6 9.7 
0.0 0.6 8.4 
0.0 0.8 5.8 

0.0 2.4 3.4 
0.0 3.5 2.0 
0.0 1.6 0.2 
0.0 1.0 0.1 
0.0 1.1 0.1 
0.6 6.6 12.9 
0.6 4.9 1.9 
0.2 7.0 5.1 
0.1 6.2 7.1 
0.1 1.7 12.0 
0.1 0.9 10.2 
0.0 1.3 7.1 

0.67 
0.61 
0.52 
0.17 
0.15 
0.42 
0.45 
0.11 
0.04 
0.38 
0.69 
1.04 

0.69 
0.40 
0.20 
0.15 
0.20 
0.09 
0.03 
0.05 
0.06 
0.20 
0.80 
0.88 

96.3 
95.0 
96.1 
94.2 
90.5 
91.8 
94.1 
86.0 
88.0 
91.5 
91.8 
92.4 

85.4 
85.1 
91.1 
92.5 
93.1 
72.1 
85.6 
n.8 
81.2 
87.9 
90.4 
91.3 

1.9 
2.2 
2.0 
1.9 
1.8 
2.6 
1.8 
7.5 
3.4 
0.8 
1.2 
1.5 

8.6 
8.9 
5.7 
5.8 
4.7 
5.1 
3.8 

10.1 
4.1 
0.3 
0.5 
1.3 

0.0 
0.0 
0.1 
0.0 
0.1 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.4 
0.4 
0.2 
0.1 
0.0 
0.1 
0.0 

1.0 
2.3 
1.4 
1.7 
2.7 
4.4 
3.3 
5.6 
4.3 
0.9 
0.9 
1.3 

2.7 
4.1 
2.3 
1.4 
1.5 

11.3 
8.1 
9.8 
9.4 
2.8 
1.3 
1.8 

0.3 
0.1 
0.2 
1.4 
4.4 
0.7 
0.4 
0.8 
4.2 
6.5 
5.6 
4.0 

2.9 
1.6 
0.4 
0.2 
0.1 
9.6 
1.7 
1.9 
5.3 
8.8 
7.2 
5.0 

0.41 
0.37 
0.31 
0.10 
0.09 
0.26 
0.28 
0.10 
0.03 
0.25 
0.48 
0.69 

0.46 
0.25 
0.13 
0.09 
0.12 
0.06 
0.02 
0.02 
0.03 
0.11 
0.52 
0.59 

70.3 
68.5 
69.7 
69.9 
63.2 
60.4 
71.6 
64.4 
n.4 
84.3 
80.7 
80.3 

54.9 
55.2 
66.2 
66.4 
74.0 
41.8 
59.7 
55.7 
73.1 
86.1 
86.5 
82.8 

27.8 
29.4 
28.5 
26.4 
29.8 
35.9 
23.9 
29.5 
13.0 
6.5 

10.6 
12.4 

38.7 
39.6 
31.4 
32.4 
24.2 
38.7 
32.4 
32.5 
10.6 
0.7 
2.6 
8.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.3 
0.2 
0.1 
0.0 
0.0 
0.0 

0.8 
1.6 
1.1 
1.3 
1.9 
2.9 
2.8 
4.3 
3.6 
0.8 
0.8 
1.1 

1.7 
2.7 
1.7 
1.0 
1.2 
6.6 
5.7 
7.0 
8.4 
2.7 
1.3 
1.7 

0.8 
0.2 
0.5 
1.7 
4.7 
0.5 
1.4 
1.7 
5.9 
8.1 
7.5 
5.5 

4.4 
2.3 
0.3 
0.1 
0.1 

11.7 
1.7 
4.5 
7.8 

10.3 
9.0 
6.9 

Q.30 
0.26 
0.22 
0.07 
0.07 
0.17 
0.21 
0.07 
0.03 
0.23 
0.42 
0.60 

0.30 
0.16 
0.09 
0.07 
0.10 
0.03 
0.01 
0.02 
0.03 
0.11 
0.49 
0.53 



Impact 
Variable 

Tidal Hydraulics 

Delta export 

Delta outflow 

Delta channel flow 

Table Bl-6. Impact Variables Selected for Assessment of 
DW Project Operation Effects on Delta Hydrodynamics 

Method of Analysis 
and Assessment 

RMA model for maximum diversion and 
discharge 

70-year simulation of export using 
DeltaSOS 

70-year simulation of outflow using 
DeltaSOS 

70-year simulations using DeltaSOS 

Locations for 
Assessment 

Channels adjacent to DW islands 

CCWD Rock Slough 
SWPBanks 
CVP Tracy 

Chipps Island 

San Joaquin River at Antioch 
Threemile Slough 
Old River at Bacon Island 

(represents Middle River at 
Bacon Island) 

EIR/EIS 
Chapter 

3B 

3A 

3C and3F 

3B 



Table B1-7. Summary of Typical Net Delta Channel Flows during Periods of Maximum DW Diversion of 9,000 cfs 
(4,500 cfs to Bacon Island and 4,500 cfs to Webb Tract) 

Diversion Conditions 

RMA Base Flow with Changed Base Velocity with Changed 
Model Flow Diversions Flow Velocity Diversions Velocity 

Delta Channel Location Number (cfs) (cfs) (cfs) (ft/sec) (ft/sec) (ft/sec) 

CVP Tracy pumping 4,199 4,199 (0) 1.07 1.07 0.00 
SWP Banks pumping 8,344 8,345 0 1.00 1.00 0.00 
CCWD pumping 150 149 (0) 0.14 0.14 0.00 
North Bay Aqueduct 406 (50) (50) 0 (0.05) (0.05) (0.00) 
Eastside streams 1,000 1,000 0 
Channel depletion 0 0 0 
Sacramento R. at Freeport 79,999 80,000 0 3.21 3.21 0.00 
SJR Vernalis 1 5,000 4,999 (0) 2.03 2.03 0.00 
SJR at head of Old River 8 1,630 1,638 8 1.10 1.12 0.02 
SJR above Turner Cut 25 1,961 1,975 14 0.10 0.10 0.00 
SJR above Columbia Cut 31 1,010 806 (204) 0.04 0.04 (0.01) 
SJR above mouth of Middle River 37 2,009 1,718 (291) 0.09 0.08 (0.01) 
SJR below Mokelumne 45 3,324 (2,690) (6,014) 0.07 (0.03) (0.10) 
SJR at Jersey Point 49 20,109 14,354 (5,755) (0.44) (0.33) 0.11 
SJR at Antioch 50 20,541 14,465 (6,077) 0.39 0.30 (0.10) 
Head of Old River 54 3,369 3,361 (8) 2.43 2.45 0.02 
Old River south of Tracy 80 339 326 (13) 0.16 0.16 (0.00) 
Old River north of Clifton Court 83 (7,434) (7,449) (15) (1.55) (1.56) (0.02) 
Old River at Woodward Canal 92 (6,106) (6,118) (12) (0.80) (0.81) (0.01) 
Old River at Rock Slough 106 (4,980) (4,925) 55 (0.41) (0.41) 0.00 
Mouth of Old River 124 (5,687) (6,978) (1,290) 0.28 0.35 0.07 
Middle River at Victoria Canal 135 (3,069) (3,065) 4 (0.71) (0.72) (0.01) 
Middle River at Columbia Cut 159 (4,888) (7,197) (2,309) (0.23) (0.35) (0.12) 
Empire-Turner Cut 175 951 1,169 218 0.18 0.22 0.05 
Grant Line Canal 213 2,999 3,006 (7) (0.68) (0.69) (0.01) 
Mouth of Rock Slough 244 575 566 (10) 0.18 0.19 0.00 
Connection Slough 248 2,025 2,232 207 0.29 0.33 0.03 
E. Santa Fe Cut 258 701 750 49 0.15 0.17 0.02 
W. Santa Fe Cut 259 701 749 48 (0.18) (0.20) (0.02) 
Dutch Slough 274 432 110 (323) 0.13 0.05 (0.07) 
False River 279 2,278 (556) (2,834) (0.16) (0.02) 0.15 
Fishermans Cut 280 508 294 (214) 0.11 0.07 (0.03) 
Threemile Slough 309 15,015 17,894 2,879 0.97 1.18 0.21 
Little Connection 319 2,463 2,773 310 (0.23) (0.26) (0.03) 
White Slough 322 (870) (919) (49) (0.09) (0.10) (0.01) 
Little Potato 324 4,157 4,222 64 0.80 0.82 0.02 
Potato 327 825 530 (294) 0.05 0.03 (0.02) 
Mokelumne Mouth 349 8,782 8,763 (19) (0.61) (0.62) (0.01) 
DCC 365 0 0 0 0.00 0.00 0.00 
Georgiana Slough 366 12,220 12,265 45 (2.47) (2.49) (0.01) 
Cache Creek at Yolo Bypass 404 (50) (50) (0) (0.00) (0.00) (0.00) 
Sacramento R. at Rio Vista 430 67,729 67,684 (45) 1.14 1.15 0.00 
Sacramento R. at Collinsville 435 52,403 49,454 (2,949) 0.78 0.74 (0.04) 
Chipps Island 437 70,357 61,577 (8,780) 0.69 0.61 (0.08) 
Roe Island 439 37,582 33,570 (4,012) 0.47 0.43 (0.04) 
Benicia 441 . 73,252 64,255 (8,997) 0.47 0.42 (0.05) 
Montezuma Slough 461 2,896 2,678 (218) 0.65 0.61 (0.04) 

Notes: This table presents results for the analysis of the maximum diversion rate typical only of 
the first several days of fiUing an empty reservoir under maximum tidal conditions. 
Negative values shown in ~arentheses. 



Table Bl-8. Summary of Typical Net Delta Channel Flows during Periods of Maximum DW Discharge of 6,000 cfs 
( 4,000 cfs from Bacon Island and 2,000 cfs from Webb Tract) 

Discharge Conditions 

RMA Base Flow with Changed Base Velocity with Changed 
Model Flow Discharges Flow Velocity Discharges Velocity 

Delta Channel Location Number (cfs) (cfs) (cfs) (ft/sec) (ft/sec) (ft/sec) 

CVP Tracy pumping 2,500 4,600 2,100 1.07 2.11 1.04 
SWP Banks pumping 2,502 6,402 3,900 1.00 2.84 1.83 
CCWD pumping 150 150 0 0.14 0.14 0.00 
North Bay Aqueduct 406 (50) (50) (0) (0.05) (0.05) 0.00 
Eastside streams 250 250 0 
Channel depletion 3,000 3,000 0 
Sacramento R. at Freeport 19,998 19,998 (0) 1.49 1.49 (O:OO) 
SJR at Vernalis 1 999 999 0 0.77 0.80 0.03 
SJR at head of Old River 8 1 (275) (276) 0.01 (0.22) _(0.23) 
SJR above Turner Cut 25 (85) (355) (270) (0.00) (0.02) (0.02) 
SJR above Columbia Cut 31 (587) (904) (317) (0.02) (0.03) (0.01) 
SJR above mouth of Middle River 37 635 449 (186) 0.03 0.02 (0.01) 
SJR below Mokelumne 45 1,414 1,422 8 0.04 0.04 (0.00) 
SJR at Jersey Point 49 3,896- 3,961 65 (0.13) (0.13) (0.00) 
SJR at Antioch 50 3,981 4,052 71 0.12 0.13 0.00 
Head of Old River 54 813 1,089 276 0.78 1.05 0.27 
Old River south of Tracy 80 (38) (7) 31 0.00 0.01 0.01 
Old River north of Clifton Court 83 (3,833) (8,484) (4,651) (0.78) (1.79) (1.02) 
Old River at Woodward Canal 92 (3,230) (7,049) (3,819) (0.41) (0.93) (0.53) 
Old River at Rock Slough 106 (2,814) (4,174) (1,359) (0.22) (0.34) (0.12) 
Mouth of Old River 124 (3,270) (2,486) 785 0.16 0.12 (0.04) 

\.., Middle River at Victoria Canal 135 (1,701) (3,605) (1,904) (0.38) (0.86) (Q.48) 
Middle River at Columbia Cut 159 (2,917) (3,390) (474) (0.13) (0.16) (0.03) 
Empire-Turner Cut 175 441 488 47 0.07 0.09 0.01 
Grant Line Canal 213 421 678 257 (0.13) (0.18) (0.06) 
Mouth of Rock Slough 244 454 630 176 0.15 0.21 0.06 
Connection Slough 248 1,153 1,526 373 0.16 0.22 0.06 
E. Santa Fe Cut 258 435 (1,521) (1,956) 0.08 (0.43) (0.51) 
W. Santa Fe Cut 259 433 2,478 2,044 (0.10) (0.75) (0.66) 
Dutch Slough 274 122 128 6 0.06 0.06 0.00 
False River 279 1,026 1,071 45 (0.10) (0.10) 0.00 
Fishermans Cut 280 61 45 (17) 0.03 0.03 (0.00) 
Threemile Slough 309 1,592 1,579 12 (0.02) (0.02) (0.00) 
Little Connection 319 1,842 1,945 (102) (0.17) (0.18) (0.01) 
White Slough 322 (739) (751) (12) (0.08) (0.08) (0.00) 
Little Potato 324 3,060 3,079 19 0.59 0.60 0.00 
Potato 327 470 378 (92) 0.03 0.02 (0.00) 
Mokelumne Mouth 349 5,408 5,403 5 (0.38) (0.38) 0.00 
DCC 365 5,810 5,806 3 (1.19) (1.19) 0.00 
Georgiana Slough 366 2,836 2,837 (1) (0.78) (0.78) 0.00 
Cache Creek at Yolo Bypass 404 (268) (268) 0 (0.02) (0.02) 0.00 
Sac. R. at Rio Vista 430 10,266 10,268 2 0.19 0.19 0.00 
Sac. R. at Collinsville 435 8,413 8,426 13 0.17 0.17 0.00 
Chipps Island 437 12,433 12,515 82 0.18 0.18 0.00 
Roe Island 439 10,764 10,794 30 0.19 0.19 (0.00) 
Benicia 441 12,220 12,292 72 0.14 0.14 0.00 
Montezuma Slough 461 47 48 1 0.10 0.10 (0.00) 

{ Notes: This table presents results for the analysis of the maximum diversion rate typical only of 
' the first several days of filling an empty reservoir under maximum tidal conditions. " 

Negative values shown in Earentheses. 



Table Bl-9. Simulated Stage Differences during Periods of Maximum DW Diversion (9,000 cfs) and Maximum DW Discharge (6,000 cfs) 
at Selected Nodes of the RMA Delta Hydrodynamic Model 

Simulated Stage Differences with Maximum DW Diversion (ft) Simulated Stage Differences with Maximum DW Discharge (ft) 

Channel location 

SJR at Vernalis 

Head of Old River 

SJR at Stockton 

SJR at Turner Cut 

SJR at Columbia Cut 
SJR at mouth of Middle River 

Mouth of Old River 

Mokelumne River mouth 
False River mouth 

Head of Mk:fdle River 

Old River at Tracy 

Old River at DMC 

aifton Court gates 
Old River at Victoria 

Old River at Rock Slough 
Mouth of Old River 

Mouth of Middle River 

Middle River at Victoria Canal 
Mouth of Columbia 

Turner Cut 

Tom Paine Slough 

Grant Une Canal 

Victoria Canal 
Connection Slough 

Dutch Slough 

False River 

Franks Tract 

S. Mokelumne River 
N. Mokelumne River 

Georgiana Slough 

Sacramento R. at DCC 

Sacramento R. at Threemile Slough 

Sacramento R. at Benicia 

RMA 

Model 

Node 

1 

8 

15 

26 

31 

35 

38 

40 
44 

52 

65 

70 

73 
82 

93 
103 

108 

113 

133 

142 
160 

175 

185 
208 

222 
226 

232 

268 
285 

295 

342 

352 

361 

Base Diversion 

Mean Mean 

Stage Stage 

7.0-l 7.05 

2.41 2.31 

0.96 0.81 
0.73 0.57 

0.72 0.57 

0.72 0.57 

0.72 0.57 

0.72 0.57 
0.65 0.56 

0.98 0.85 

0.21 0.05 

-0.03 -0.20 

0.06 -0.11 

0.49 0.32 

0.65 0.49 

0.71 0.56 

0.37 0.21 

0.32 0.15 
0.72 0.56 

0.71 0.56 

2.04 1.88 

0.16 -0.00 

0.18 0.01 
0.69 0.53 

0.70 0.56 
0.88 0.57 

0.71 0.56 

0.85 0.71 
0.91 0.76 

2.25 2.15 

7.88 7.86 

0.84 0.78 
-0.11 -0.11 

Base Diversion Base Diversion 

Min Min Max Max 

Change Stage Stage Change Stage Stage 

-0.02 6.98 6.97 -0.01 7.21 7.18 

-0.09 1.84 1.77 -0.07 3.32 3.18 
-0.14 -0.73 -0.89 -0.16 3.06 2.92 
-0.15 -1.30 -1.48 -0.19 2.95 2.82 

-0.15 -1.22 -1.40 -0.17 2.87 2.74 
-0.15 -1.14 -1.34 -0.20 2.76 2.64 
-0.15 -1.12 . -1.31 -0.19 2.70 2.56 
-0.15 -1.10 -1.29 -0.19 2.69 2.55 
-0.09 -1.44 -1.55 -0.11 2.77 2.70 
-0.14 -0.09 '-0.20 -0.11 2.46 2.30 
-0.16 -1.26 -1.40 -0.14 2.10 1.91 
-0.18 -1.78 -1.98 -0.20 1.95 1.77 
-0.17 -1.72 -1.91 -0.19 1.97 1.80 
-0.17 -1.45 -1.65 -0.21 2.52 2.35 
-0.17 -1.31 -1.50 -0.18 2.79 2.64 
-0.15 -1.13 -1.33 -0.20 2.70 2.55 
-0.16 -1.46 -1.63 -0.17 2.35 2.17 
-0.17 -1.54 -1.71 -0.18 2.33 2.17 
-0.16 -1.21 -1.38 -0.17 2.84 2.71 
-0.16 -1.33 -1.52 -0.19 2.97 2.83 
-0.16 2.04 1.88 -0.16 2.04 1.88 
-0.17 -1.36 -1.52 -0.16 2.07 1.89 
-0.17 -1.69 -1.88 -0.19 2.13 1.96 
-0.16 -1.21 -1.38 -0.17 2.79 2.66 
-0.14 -1.19 -1.35 -0.17 2.62 2.51 
-0.12 -1.20 -1.35 -0.16 2.63 2.53 
-0.15 -1.15 -1.34 -0.19 2.69 2.55 

-0.14 -1.06 -1.23 -0.17 2.93 2.80 
-0.14 -0.97 -1.14 -0.17 2.92 2.79 
-0.10 0.92 0.82 -0.11 3.78 3.68 
-0.02 7.48 7.46 -0.02 8.39 8.38 
-0.06 -1.41 -1.49 -0.08 3.22 3.20 

0.00 -3.69 -3.69 0.00 2.81 2.81 

Base Discharge Base Discharge Base Discharge 

Mean Mean Min Min Max Max 

Change Stage Stage Change Stage Stage Change Stage Stage Change 

-0.03 1.62 1.36 -0.25 0.99 0.88 -0.11 2.69 2.28 -0.40 
-0.13 

-0.14 
-0.14 

0.66 0.33 -0.33 -0.52 -0.72 -0.20 2.19 1.67 -0.521 
0.58 0.54 -0.04 -1.44 -1.50 -0.06 2.89 2.89 -0.00 
0.54 0.53 -0.00 -1.68 -1.69 -0.00 2.87 2.89 0.02 

-0.13 0.54 0,53 -0.00 -1.59 -1.59 -0.00 2.82 2.83 0.01 
-0.12 0.54 0.53 -0.00 -1.54 -1.54 -0.01 2.78 2.79 0.01 
-0.14 0.54 0.53 -0.00 -1.51 -1.52 -0.00 2.74 2.75 0.01 
-0.14 0.54 0.54 -0.00 -1.49 -1.49 -0.00 2.71 2.73 O.ot 
-0.06 0.46 0.46 -0.00 -1.91 -1.91 -0.00 2.75 2.75 -0.00 

-0.151 0.38 -0.06 -0.44 -1.37 -1.63 -0.27 2.38 1.76 -0.62 
-0.191 0.19 -0.29 -0.48 -1.68 -1.96 -0.27 2.40 1.77 -0.63 
-0.18 0.14 -0.36 -0.50 -1.92 -2.23 -0.31 2.34 1.66 -0.67 
-0.17 0.19 -0.23 -0.42 -1.89 -2.14 -0.25 2.41 1.83 -0.59 
-0.17 0.42 0.31 -0.11 -1.67 -1.82 -0.15 2.68 2.58 -0.10 
-0.15 0.50 0.48 -0.02 -1.65 -1.68 -0.03 2.77 2.77 0.00 
-0.15 0.53 0.53 -0.00 -1.53 -1.53 -0.00 2.73 2.75 0.01 
-0.18 0.24 0.02 -0.22 -1.84 -1.99 -0.14 2.59 2.29 -0.30 
-0.16 0.31 0.09 -0.22 -1.79 -1.93 -0.14 2.54 2.28 -0.26 
-0.13 0.54 0,53 -0.00 -1.57 -1.58 -0.00 2.81 2.82 0.01 
-0.14 0.53 0,53 -0.00 -1.72 -1.73 -0.01 2.90 2.92 0.02 
-0.16 0.45 -0.09 -0.53 0.03 -0.59 -0.61 0.91 0.41 -0.49 
-0.18 0.20 -0.28 -0.48 -1.74 -2.01 -0.27 2.35 1.74 -0.61 
-0.18 0.25 -0.08 -0.33 -1.89 -2.10 -0.21 2.52 2.09 .:.o.43 

-0.13' 0.52 0.52 -0.01 -1.56 -1.57 -0.01 2.77 2.78 O.ot 

-0.11 I 

-0.10 
0.53 0.53 -0.00 -1.57 -1.58 -0.00 2.61 2.62 o.o1l 
0.50 0.50 -0.00 -1.64 -1.64 -0.00 2.60 2.60 0.00 

-0.14 0.53 0.53 -0.00 -1.54 -1.54 -0.00 2.73 2.74 0.01 

-0.131 
-0.13 

0.61 0.61 -0.00 -1.53 -1.53 -0.00 2.85 2.86 0.01 
0.73 0.73 -0.00 -1.32 -1.32 -0.00 2.88 2.89 0.01 

-0.10 0.72 0.72 -0.00 -1.30 -1.30 -0.00 2.87 2.88 0.01 
-0.02 1.30 1.30 -0.00 -0.39 -0.39 -0.00 3.31 3.31 0.00 

-0.01 I 

0.00 
0.46 0.46 0.00 -2.14 -2.15 -0.00 2.97 2.96 -0.01 
0.03 0.03 0.00 -3.74 -3.74 0.00 3.14 3.14 0.00 



Table B1-10. Simulated Monthly Delta Channel Flows (cfs) and Exports (cfs) under the No- Project Alternative for 1968-1991 
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1968 
OCT 23,545 98 3,342 716 1,372 11,280 9,390 13,910 2,910 167 1,062 3,972 (11 ,876) 14,835 
NOV 17,983 34 2,072 218 854 11,280 3,499 14,304 5,287 1,756 (6,229) (942) (10,048) 7,990 
DEC 16,174 33 2,460 342 854 11,298 3,273 12,721 4,822 1,986 (5,923) (1 '102) (9,799) 6,712 
JAN 28,229 1,025 I 2,483 553 (985) 11,699 4,818 24,682 6,796 2,000 (3,326) 3,470 {9,427) 21,455 
FEB 61,379 6,050 2,866 1,747 (286) 11,826 9,526 57,974 12,763 2,219 2,396 15,160 {9,595) 60,399 
MAR 34,432 2,618 2,280 1,285 88 11,268 5,653 31,375 8,005 1,881 {2,206) 5,799 {9,521) 29,160 
APR 12,159 134 3,669 622 1,483 4,666 2,n3 9,150 1,718 183 1,324 3,042 (5,186) 10,325 
MAY 10,609 211 3,580 439 2,354 3,869 2,578 7,653 1,734 179 161 1,895 (4,852) 7,579 
JUN 14,457 303 1,827 336 3,878 5,923 7,019 6,n1 1,435 1,606 457 1,892 (6,149) 6,841 
JUL 21,061 455 1,675 342 4,211 11,280 8,n3 11,690 3,834 1,510 {3,538) 296 {11,765) 7,731 
AUG 13,673 504 1,021 309 2,373 7,537 6,787 6,797 1,992 1,055 (1 ,301) 691 {7,769) 5,259 
SEP 11,372 303 1,091 269 1,928 6,685 6,046 5,147 1,449 1,109 (796) 653 (6,611) 4,158 
1969 
OCT 13,932 146 1,527 114 1,274 9,074 6,864 6,895 2,112 76 (1 ,611) 501 (9,721) 5,157 
NOV 12,473 101 2,213 319 703 8,545 2,812 9,586 3,438 1,841 (3,841) (403) (7,168) 5,675 
DEC 22,663 488 1,823 732 382 11,190 4,093 18,963 5,967 1,604 (4,936) 1,032 {9,884) 13,989 
JAN 72,606 38,886 4,380 8,799 {4,644) 12,325 11,224 101,429 18,951 3,058 14,975 33,926 {7,531) 116,869 
FEB 67,092 44,061 18,427 9,543 {3,527) 12,700 10,385 101,649 14,969 10,853 27,845 42,814 (539) 129,847 
MAR 43,846 9,091 8,065 3,236 511 11,700 6,966 45,844 8,764 5,058 6,135 14,899 (6,945) 51,928 
APR 43,157 739 8,111 3,479 1,214 9,950 6,868 36,725 6,176 406 7,609 13,785 (1 0, 140) 44,212 I 
MAY 44,408 325 21 '183 3,724 2,321 11,280 7,045 37,107 2,713 12,441 18,944 21,657 13 55,819 
JUN 24,948 387 14,091 1,193 3,861 11,280 9,735 14,634 (20) 8,392 10,949 10,929 (4,713) 25,197 
JUL 12,587 455 5,701 358 4,211 6,sn 6,450 5,539 388 3,ns 2,884 3,271 (4,797) 8,002 
AUG 11,644 439 1,989 309 2,943 5,359 6,140 5,208 955 1,706 828 1,782 (5,168) 5,741 
SEP 23,339 319 . 2,814 303 1,861 11,280 9,339 13,854 3,323 2,190 (298) 3,025 (10,099) 13,370 
1970 

17,681 I OCT 21,825 114 7,649 634 1,047 11,280 8,964 12,713 1,374 382 5,072 6,446 (11 ,530) 
NOV 18,756 50 4,023 185 854 11,280 3,596 14,996 4,816 2,863 (4,214) 603 {8,942) 10,697 
DEC 51,679 6,099 4,136 911 106 11,583 8,093 49,658 11,155 2,925 1,343 12,498 {8,846) 50,991 i 

JAN 91,517 92,816 11,305 9,969 {4,384) 12,700 14,157 171,272 31,946 6,838 25,459 57,405 {4,230) 197,170 
FEB 56,215 29,422 7,638 2,n3 (106) 12,700 8,759 76,905 15,910 4,826 6,436 22,346 {7,935) 83,351 
MAR 33,273 2,879 3,420 2,814 495 11,461 5,495 30,533 7,166 2,530 (153) 7,012 {9,228) 30,331 I 

APR 13,131 101 5,343 655 1,550 5,991 2,894 9,950 1,761 267 1,784 3,544 (6,454) 11,579 
MAY 10,290 472 5,220 618 2,484 5,086 2,538 7,603 1,702 261 224 1,926 {6,039) 7,579 
JUN 14,734 504 2,297 370 3,7n 6,267 7,099 7,195 1,438 1,891 763 2,201 {6, 168) 7,580 
JUL 22,569 537 1,721 342 4,211 11,280 9,149 12,905 3,985 1,540 {3,116) 868 (11 ,736) 9,367 
AUG 12,891 472 1,674 309 2,943 6,324 6,546 6,081 1,432 1,510 (46) 1,386 {6,330) 5,741 

~EP 10,674 319 1,294 269 1,894 6,526 5,799 4,721 1,307 1,256 (659) 648 (6,292) 3,8721 



Table Bl-10. Continued 
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1971 
OCT 13,625 98 1,737 114 1,242 9,055 6,772 6,640 2,003 87 (1,453) 550 (9,679) 5,063 
NOV 22,080 908 2,676 1,042 (37) 11,280 4,018 18,979 5,585 2,111 (3,703) 1,882 (9,337) 15,280 
DEC 59,077 8,636 2,794 3,773 (1,716) 11,355 9,183 58,959 12,062 2,178 5,365 17,428 (8,635) 64,496 
JAN 47,425 6,001 2,114 1,415 (562) 11,578 7.477 46,089 10,846 1,782 (327) 10,519 (9,692) 45,818 
FEB 28,709 450 I 2,281 864 398 9,028 4,882 24,178 6,063 1,881 (1,363) 4,700 (7,409) 22,775 
MAR 50,628 1,431 2,280 1,236 430 11,268 7,940 44,011 10,319 1,881 (190) 10,129 (9,658) 43,778 
APR 19,323 118 3,988 992 1,382 6,650 3,668 15,428 3,286 199 989 4,276 (7,113) 16,279 
MAY 31,190 358 3,933 862 1,931 8,380 5,213 25,852 5,978 197 153 6,131 (9,176) 25,812 
JUN 22,755 235 2,281 521 3,794 9,027 9,195 12,847 2,925 1,881 222 3,147 (8,945) 12,690 
JUL 22,883 309 1,724 342 4,211 11,280 9,226 12,913 3,961 1,541 (3,036) 926 (11,734) 9,456 
AUG 13,337 325 1,690 309 2,943 6,639 6,685 6,242 1,520 1,520 (206) 1,313 (6,634) 5,741 
SEP 16,509 252 1,247 269 1,911 10,062 7,595 8,689 2,796 1,223 (2,458) 338 (9,867) 6,040 
1972 
OCT 18,767 98 2,000 260 1,356 11,280 8,191 10,335 3,012 100 (1,924) 1,088 (11,936) 8,275 
NOV 16,451 34 1,901 269 871 11,116 3,307 12,960 5,023 1,652 (6,388) (1,365) (9,995) 6,485 
DEC 21,067 211 1,911 1,057 415 11,205 3,889 17,286 5,522 1,658 (4,763) 759 (9,858) 12,481 
JAN 18,239 49 2,086 390 (204) 11,568 3,531 14,808 5,191 1,765 (5,550) (358) (9,843) 9,279 
FEB 25,328 54 2,281 828 200 9,972 4,437 20,895 5,704 1,881 (2,659) 3,045 (8,274) 18,216 
MAR 32,274 81 2,280 472 1,113 11,268 5,359 26,717 7,475 1,881 (3,979) 3,496 (9,931) 22,627 
APR 11,474 118 3,669 790 1,550 4,580 2,687 8,518 1,532 183 1.448 2,980 (5,127) 9,811 
MAY 10,598 358 ·2,763 602 2,598 3,924 2,577 7,730 1,768 138 109 1,877 (5,045) 7,579 
JUN 14,216 387 1,812 353 3,m 5,869 6,948 6,710 1,405 1,597 509 1,913 (6,064) 6,841 
JUL 20,984 634 1,674 358 4,211 11,280 8,754 11,811 3,863 1,510 (3,542) 321 (11,766) 7,848 
AUG 19,341 748 989 309 2,943 11,280 8,338 11,015 3,788 1,030 (3,895) (106) (11,765) 6,826 
SEP 10,516 420 1,787 235 1,609 7,294 5,741 4,793 1,381 1,581 (841) 540 (6,620) 3,791 
1973 
OCT 14,964 163 1,508 98 786 10,115 7,165 7,765 2,459 75 (2,069) 390 (10,568) 5,618 
NOV 22,305 723 2,560 538 (490) 11,280 4,047 19,104 5,707 2,044 (4,000) 1,707 (9,223) 15,153 
DEC 27,226 651 1,831 439 (203) 11,191 4,686 23,242 6,749 1,609 (4,249) 2,501 (9,646) 19,014 
JAN 46,559 26,119 1,979 4,147 (5,246) 11,533 7,353 66,637 13,893 1,700 5,235 19,128 (7,856) 72,396 
FEB 71,663 17,016 4,197 6,464 (3,005) 12,265 11,080 78,350 14,714 2,958 11,326 26,041 (8,208) 89,977 
MAR 45,792 10,734 6,685 4,001 (221) 11,700 7,243 49,338 9,535 4,308 6,274 15,809 (7,402) 55,634 
APR 16,912 504 5,343 1,260 1,483 7,420 3,365 13,680 2,727 267 1,474 4,201 (7,856) 15,006 
MAY 17,833 146 5,279 960 2,435 7.443 3,480 13,890 3,090 264 473 3,563 (8,374) 14,120 
JUN 19,410 286 3,420 420 3,878 7,787 8,356 10,371 2,318 2,530 318 2,636 (7,089) 10,301 
JUL 22,533 439 1,691 342 4,211 11,110 9,140 12,779 3,915 1,520 (2,985) 929 (11,585) 9,373 
AUG 12,298 455 1,628 325 2,943 6,123 6,357 5,661 1,340 1,480 (64) 1,275 (6,158) 5,302 
SEP 11,305 303 1,262 269 1,861 6,867 6,023 5,120 1,440 1,234 (786\ 653 (6,642 4,147 
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1974 
OCT 14,977 49 1,500 1,106 900 10,863 7,169 7,632 2,383 75 (1,927) 456 (11,362) 5,615 
NOV 57,052 9,445 2,459 1,697 131 11,280 8,883 57,582 12,956 1,986 1,491 14,446 (9,530) 59,059 
DEC 60,493 9,482 2,441 3,269 (935) 11,295 9,394 60,815 12,838 1,975 4,272 17,109 (9,091) 65,180 
JAN 78,775 49,164 3,390 5,123 (1,473) 11,999 12,172 116,135 24,088 2,514 9,523 33,610 (9,017) 125,805 
FEB 42,016 5,096 

1 
3,422 864 326 12,009 6,706 40,324 9,817 2,531 (1,332) 8,486 (9,711) 38,960 

MAR 97,768 8,847 3,423 4,147 (432) 11,462 15,142 91,581 17,766 2,532 11,431 29,197 (8,856) 103,056 
APR 36,823 34,552 6,195 2,168 760 9,950 5,981 65,204 14,012 310 3,790 17,802 (10,054) 68,918 
MAY 24,439 276 6,105 992 2,240 9,437 4,322 19,833 4,528 305 306 4,833 (10,248) 19,915 
JUN 21,148 286 3,422 471 3,727 8,864 8,795 11,707 2,378 2,531 1,120 3,498 (8,105) 12,455 
JUL 17,717 472 1,717 407 3,935 8,065 7,917 9,288 2,445 1,537 (892) 1,552 (8,413) 8,002! 
AUG 13,531 325 1,769 309 2,943 6,912 6,744 6,376 1,593 1,570 (341) 1,252 (6,857) 5,741 
SEP 20,973 202 1,336 269 1,928 11 .• 280 8,751 11,942 3,549 1,285 (2,441\ 1,108 (11,030\ 9,308 
1975 • 
OCT 22,708 16 2,010 325 1,112 11,280 9,183 13,263 3,311 101 (699) 2,612 (11,838) 12,453 
NOV 17,806 34 2,729 454 888 11,280 3,477 14,141 4,983 2,141 (5,380) (398) (9,677) 8,672 
DEC 17,880 163 2,267 651 740 11,265 3,486 14,372 5,070 1,873 (5,487) (417) (9,833) 8,811 
JAN 16,032 49 1 ,564 325 (1 07) 11 ,396 3,255 12,853 4,972 1 ,438 (6,303) (1,332) (1 0,036) 6,560 
FEB 61,624 2,917 5,246 2,593 (1,402) 12,611 9,563 55,329 11,143 3,529 5,599 16,742 (8,625) 61,068. 
MAR 74,091 9,303 3,420 5,302 (1,148) 11,461 11,451 72,230 13,904 2,530 9,359 23,263 (8,571) 81,704 
APR 21 ,535 1,109 6,195 1 ,546 1,147 9,203 3,948 18,409 3, 780 310 1,631 5,411 · (9,462) 19,925 
MAY 32,215 228 6,105 1,578 2,289 9,950 5,351 26,519 5,750 305 1,377 7,127 (10,780) 27,667 
JUN 24,875 387 3,422 1,143 3,861 10,439 9,717 14,579 3,069 2,531 1,052 4,121 (9,734) 15,246 
JUL 19,683 569 1,747 374 4,130 9,669 8,426 10,794 3,180 1,556 (2,118) 1,062 (10,076) 8,263 
AUG 12,690 325 1,792 276 2,764 6,240 6,483 5,841 1,306 1,584 176 1,483 (6,099) 5,741 
SEP 18,106 168 1 ,850 269 1 ,928 11 ,280 8,019 9, 773 3,111 1 ,621 (2,659 453 (1 0,695) 6,921 
1976 
OCT 22,960 114 2,000 569 835 11 ,280 9,245 13,620 3,245 100 (222) 3,022 (11, 728) 13,3141 
NOV 20,504 0 2,796 252 938 11,280 3,817 16,452 5,467 2,180 (5,208) 260 (9,659) 11,151 
DEC 15,624 65 2,186 195 984 10,586 3,204 12,239 4,666 1,825 (5,785) (1,119) (9,300) 6,355 1 

JAN 13,398 16 1,007 114 72 8,477 2,927 10,469 3,881 1,045 (4,596) (716) (7,582) 5,865! 
FEB 19,051 18 1,088 252 452 9,184 3,633 15,323 5,016 1,107 (4,607) 408 (8,361) 10,670 i 

MAR 15,023 179 1,740 309 1,272 6,038 3,130 11,754 3,330 1,552 (1,883) 1,447 (5,192) 9,744 
APR 9,755 118 2,005 403 1,545 3,072 2,470 7,017 1,444 100 612 2,056 (3,769) 7,475 
MAY 10,224 81 2,013 374 2,819 3,267 2,529 7,071 1,781 101 (423) 1,358 (4,534) 6,366 
JUN 14,636 1 01 1 , 775 336 3,805 5,896 7,071 6, 715 1 ,389 1 ,57 4 563 1 ,952 (6,094) 6,897 
JUL 16,465 98 997 342 4,205 7,623 7,583 7,929 2,399 1,037 (1,759) 641 (8,592) 5,750 
AUG 8,227 423 900 260 2,513 3,547 4,796 3,226 614 959 440 1,054 (3,867) 3,415 
SEP 7,675 218 900 252 1,636 4,042 4,489 2,995 643 959 177 820 (4,017) 3,008 
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1977 
OCT 8,134 49 1,558 163 1,237 5,434 4,752 3,122 730 78 (6) 724 (6,092) 2,992 
NOV 11,087 17 1,549 67 883 6,432 2,638 8,245 2,845 1,429 (2,946) (101) (5,551) 5,211 
DEC 18,098 33 1,091 98 899 11,058 3,514 14,393 5,585 1,109 (7,117) (1 ,531) (10,486) 7,186 
JAN 8,254 49 1,029 98 (62) 4,844 2,276 6,042 1,892 1,062 (1,543) 349 (3,901) 4,505 
FEB 13,432 36 I 1,310 72 538 6,067 2,932 10,402 3,135 1,267 (2,265) 870 (5,177) 8,083 
MAR 10,289 114 1,562 179 852 4,198 2,538 7,652 1,994 1,437 (670) 1,324 (3,299) 6,897 
APR 8,892 235 2,027 403 1,656 2,825 2,359 6,354 1,259 101 709 1,968 (3,565) 6,897 
MAY 6,120 667 2,022 228 1,897 2,395 1,994 4,319 889 101 376 1,265 (3,293) 4,505 
JUN 6,807 202 1,790 319 3,792 1,076 4,067 1,994 (283) 1,583 2,385 2,103 (1 ,260) 4,000 
JUL 8,808 195 973. 325 4,158 1,818 5,057 2,906 204 1,018 1,511 1,715 (2,787) 4,001 
AUG 6,218 98 911 293 2,890 941 3,717 1,877 (135) 968 1,827 1,692 (1 ,403) 3,415 
SEP 7,128 50 1,045 235 1,591 3,580 3,833 2,947 618 1,074 220 838 _13,421) 3,008 
1978 
OCT 7,130 49 1,633 146 1 ,311 4,414 3,898 2,953 635 82 170 805 (5,098) 2,992 
NOV 6,109 151 1,360 151 . '714 3,326 1,992 4,089 1,104 1,302 (481) 623 (2,504) 3,537 
DEC 15,370 732 1,418 455 153 10,813 3,173 12,891 4,899 1,341 (6,044) (1 ,145) (9,710) 6,832 
JAN 44,069 14,361 2,880 3,220 (4,986) 11,830 6,997 52,679 10,912 2,227 4,365 15,2n (7,752) 57,543 
FEB 50,420 6,896 4,668 2,197 (1 ,777) 12,420 7,910 49,850 10,571 3,215 3,348 13,919 (8,657) 53,376 
MAR 47,850 16,816 3,580 2,732 (1 ,766) 11,489 7,538 57,569 12,351 2,619 3,411 15,762 (8,262) 61,156 
APR 37,669 1,042 6,195 2,588 559 9,950 6,098 32,473 6,173 310 4,458 10,631. (9,974) 36,875 
MAY 19,632 49 6,105 976 2,207 8,527 3,707 15,423 3,405 305 606 4,011 (9,284) 15,808 
JUN 14,216 134 4,591 605 3,878 6,613 6,948 6,432 644 3,173 2,730 3,374 (5,272) 8,n4 
JUL 12,930 325 1,766 342 4,211 2,839 6,558 5,644 445 1,568 2.ne 3,224 (3,266) 8,002 
AUG 10,740 130 1,8n 309 2,943 4,473 5,823 4,312 602 1,637 1,285 1,887 (4,351) 5,302 
SEP 13,6n 101 1,558 218 1,844 8,219 6,788· 6,529 1,872 1,435 (1 ,118) 755 (7,786) 5,227 
1979 
OCT 18,420 49 3,367 163 1,404 11,280 8,101 10,017 2,578 168 (776) 1,803 (11 ,887) 9,101 
NOV 15,857 67 2,612 168 720 11,280 3,233 12,511 4,771 2,074 (5,918) (1 ,147) (9,677) 6,521 
DEC 10,622 16 1,642 130 951 6,330 2,580 7,821 2,682 1,489 (2,741) (59) (5,366) 4,984 
JAN 25,053 732 2,935 1,415 (2,140) 11,849 4,401 21,919 5,682 2,259 (1 ,827) 3,855 (8,855) 20,305 
FEB 40,292 630 5,623 3,475 (2,375) 12,700 6,464 35,052 6,822 3,733 4,303 11 '125 (8,120) 39,592 
MAR 30,623 195 4,506 2,700 170 11,646 5,137 25,638 5,824 3,127 488 6,311 (8,687) 26,109 
APR 16,639 50 5,343 958 1,248 7,240 3,331 13,046 2,580 267 1,471 4,051 (7,582) 14,392 
MAY 15,506 65 5,279 1,057 2,272 7,039 3,190 11,813 2,506 264 790 3,296 (7,904) 12,376 
JUN 20,505 67 3,420 437 3,878 8,099 8,634 10,969 2,463 2,530 301 2,764 (7,401) 10,882 
JUL 17,624 195 1,682 342 4,162 8,865 7,893 8,886 2,687 1,515 (1,965) 723 (9,326) 6,505 
AUG 11 '156 49 1,621 309 2,943 5,186 5,971 4,498 903 1,476 464 1,367 (5,226) 4,668 
SEP 9,951 50 1,437 269 1,928 6,118 5,527 3,992 1,057 1,354 (403) 654 (5,799) 3,397 



Table Bl-10. Continued 

I~~i& ..•. ~@~i~P • &616 ~1-~ 
~stliictli. aW.fih~> ~~ / pqg~ . .· -- . 

Tht~~~~~ .•.•sa¢' l=t.i.l.t·· Head of Filial l:)JRa' OtdfUi, Totai 
vw>. ./f~~~~······ ~;~~~~ .$i~ffi$ Q.~r.~i Q$6fd@~ · Rio\ti$~. .•..• ~,#~$h ... I> OldR. aWi:ST AmiQc:h MiddteR. Outflow 

1980 
OCT 10,574 49 2,256 98 933 7,829 5,762 4,628 1,246 113 (533) 713 (8,303) 4,001 
NOV 18,058 67 3,447 303 804 11,280 3,509 14,415 4,842 2,545 (4,727) 115 (9,239) 9,608 
DEC 19,749 1,057 2,321 472 8 11,275 3,721 17,083 5,521 1,905 (4,910) 611 (9,518) 12,171 
JAN 69,421 31,519 9,413 7,286 (2,627) 12,700 10,739 90,858 16,064 5,795 16,324 32,388 (5,975) 107,445 
FEB 69,057 43,736 I 17,275 6,914 (3,527) 12,700 10,683 102,991 16,373 10,195 24,362 40,735 (1,198) 127,706 
MAR 35,876 15,125 21,300 3,676 283 11,700 5,851 45,080 4,603 12,509 18,844 23,447 597 63,895 
APR 16,641 50 6,195 992 1,214 8,064 3,331 13,056 2,556 310 1,555 4,111 (7,794) 14,490 
MAY 13,874 390 6,105 764 2,142 6,516 2,987 10,742 1,963 305 1,727 3,690 (7,288) 12,255 
JUN 12,244 403 4,184 555 3,844 5,682 6,339 5,347 426 2,951 2,617 3,043 (4,550) 7,579 
JUL 12,732 309 2,163 358 4,016 3,233 6,496 5,541 395 1,811 2,863 3,257 (3,339) 8,002 
AUG 10,987 228 1,932 309 2,943 4,873 5,911 4,568 742 1,671 1,028 1.n1 (4,717) 5,302 
SEP 14,383 50 3,371 269 1,928 10,445 6,997 6,954 2,036 2,503 (1,325) 711 (8,977) 5,436 
1981 
OCT 17,237 49 4,023 455 1,388 11,280 7,790 9,149 2,173 201 (128) 2,045 (11,848) 8,882 
NOV 14,220 34 3,656 403 938 11,130 3,030 10,990 4.on 2,661 (4,834) (757) (9,027) 6,062 
DEC 16,221 98 3,051 244 821 11,399 3,279 12,835 4,717 2,324 (5,504) (787) (9,548) 7,249 
JAN 25,220 455 2,876 667 (790) 11,829 4,423 21,449 6,088 2,225 (3,470) 2,617 (9,409) 18,058 
FEB 28,023 576 3,225 342 200 11,258 4,791 23,758 6,520 2,422 . (3,133) 3,387 (9,020) 20,605 
MAR 32,372 146 2,704 1,496 (286) 11,340 5,373 27,217 6,871 2,127 (1,680) 5,191 (9,197) 25,565 
APR 14,636 50 3,669 437 1,432 5,027 3,081 11,247 2,271 183 1,120 3,390 (5,526) 12,223 
MAY 10,824 65 3,580 390 2,370 3,873 2,605 7,691 1,754 179 125 1,879 (4,862) 7,579 
JUN 13,587 67 1,820 336 3,878 5,534 6,761 5,924 1,199 1,602 582 1,780 (5,764) 6,118 
JUL 20,715 163 1,680 342 4,211 11,280 8,686 11,139 3,731 1,513 (3,620) 111 (11,762) 7,098 
AUG 14,156 65 1,132 309 2,943 7,550 6,931 6,554 1,976 1,140 (1 ,429) 547 (7,926) 4,831 
SEP 10,095 50 1,141 269 1,793 6,006 5,582 4,115 1,098 1,146 (443\ 655 (5,841) 3,492 i 

1982 
I 

OCT 12,785 16 1,500 81 949 8,382 6,513 6,051 1,n5 75 (1,163) 612 (8,901) 4,793 
NOV 32,339 3,311 1,631 1,008 199 11,280 5,368 30,232 8,171 1,482 (3,585) 4,586 (10,061) 26,6271 
DEC 71,3n 23,306 1,628 2,618 (415) 11,157 11,036 83,750 18,191 1,480 4,250 22,441 (9,656) 88,042: 
JAN 53,073 20,801 3,306 8,490 (4,303) 11,971 8,297 66,653 12,153 2,467 10,798 22,951 (7,904) n,881 
FEB 70,537 22,183 5,999 8,265 (664) 12,700 10,908 81,978 15,098 3,936 12,801 27,899 (8,601) 94,845 
MAR 62,008 5,172 12,944 8,018 (2,758) 11,700 9,620 58,249 7,130 7,749 20,576 27,706 (2,946) 79,101 
APR 78,803 36,502 23,396 12,806 172 11,280 12,176 103,086 12,473 13,728 36,876 49,350 2,269 139,945 
MAY 35,743 374 19,251 5,042 2,207 11,280 5,832 29,733 1,543 11,326 17,191 18,734 (1,057) 46,703 
JUN 22,539 67 7,492 2,235 3,7n 11,280 9,141 12,520 1,398 4,746 4,852 6,250 (8,326) 16,995 
JUL ' 15,018 146 4,614 1,334 4,211 8,588 7,181 6,931 1,148 3,185 1,492 2,640 (7,398) 8,002 
AUG 13,802 49 2,508 846 2,943 8,123 6,826 6,290 1,527 2,014 (194) 1,333 (7,624) 5,801 
SEP 23,119 17 5,180 588 1,272 11,280 9,285 13,533 2,314 3,493 2,682 4,996 (8,560) 16,088 
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1983 
OCT 29,962 98 12,173 1,285 884 11,280 5,049 24,790 3,761 7,319 6,438 10,199 (4,528) 31,140 
NOV 40,150 1,647 8,422 4,302 (726) 11,280 6,444 35,534 5,721 5,253 8,1n 13,898 (5,920) 43,784 
DEC 58,262 10,620 18,514 9,921 (740) 11,700 9,062 60,005 5,798 10,903 26,133 31,931 (646) 86,212 
JAN 57,238 20,882 21,391 10,165 (4,514) 12,700 8,910 70,338 6,813 12,562 30,579 37,392 1,546 101,369 
FEB 82,605 58,627 I 35,143 14,045 (3,401) 12,700 12,765 129,317 14,049 20,705 51,361 65,409 9,262 181,018 
MAR 87,187 113,503 42,741 19,923 (4,482) 11,700 13,478 188,332 22,824 25,321 67,257 90,080 15,315 256,037 
APR 64,475 15,360 30,300 7,126 122 11,280 9,991 69,814 5,008 17,802 35,947 40,956 6,363 105,749 
MAY 56,196 3,253 27,493 5,025 2,061 11,280 8,756 50,178 2,785 16,135 28,435 31,220 3,811 78,406 
JUN 51,139 958 30,126 4,134 3,844 11,280 8,015 43,121 1,209 17,698 28,215 29,424 4,599 70,952 
JUL 23,363 49 18,015 2,927 4,211 11,280 9,345 13,014 (1 ,968) 10,617 15,959 13,991 (2,658) 28,552 
AUG 15,542 49 6,171 1,382 2,910 11,280 7,328 7,535 1,327 4,030 1,372 2,698 (8,752) 8,616 
SEP 24,376 34 10,520 1,328 1,575 11,280 9,595 14,422 580 6,404 8,875 9,455 (5,no\ 23,139 
1984 
OCT 27,488 33 16,954 1,496 1,274 11,280 4,720 22,482 1,841 10,012 10,848 12,689 (1 ,992) 33,203 
NOV 64,593 5,395 11,669 6,974 148 11,280 10,008 59,943 8,617 7,039 17,092 25,709 (4,483) n,020 
DEC 85,103 46,595 19,380 11,580 (1 ,895) 11,700 13,153 119,018 17,245 11,400 33,500 50,745 313 152,708 
JAN 45,529 15,011 23,241 4,847 (155) 12,700 7,205 53,373 5,367 13,638 22,573 27,941 879 75,962 
FEB 38,969 918 10,761 3,187 (124) 12,700 6,279 33,639 5,490 6,537 7,505 12,994 (6,217) 41 '156 
MAR 33,026 537 6,953 2,667 592 11,700 . 5,461 27,954 5,608 4,454 2,897 8,506 (7,582) 30,792 
APR 14,102 118 5,343 1,378 1,466 6,881 3,015 10,839 1,965 267 1,792 3,757' (7, 172) 12,484 
MAY 12,536 81 5,220 960 2,451 6,484 2,820 9,184 2,307 261 (529) 1,n8 (6,888) 8,411 
JUN 15,378 67 2,819 n3 3,861 6,663 7,282 7,197 1,232 2,193 1,421 2,653 (6,296) 8,232 
JUL 21,356 81 1,768 667 4,211 10,505 8,847 11,537 3,401 1,569 (2,271) 1,130 (10,931) 8,845 
AUG 12,137 49 1,960 716 2,926 5,857 6,304 5,150 924 1,688 883 1,807 (5,677) 5,741 
SEP 15,062 50 2,221 723 1,911 10,243 7,193 7,441 2,240 1,846 (1 ,612) 628 (9,426) 5,638 
1985 
OCT 17,217 1,382 2,765 634 965 11,280 7,785 10,573 2,758 138 (937) 1,821 (11 ,742) 9,539 
NOV 34,863 1,059 3,636 941 (221) 11,280 5,712 30,266 7,378 2,650 (1 ,031) 6,347 (8,725) 29,257 
DEC 26,254 33 4,576 1,106 122 11,658 4,558 21,698 5,573 3,165 (1,642) 3,931 (8,687) 20,044! 
JAN 14,297 146 3,332 374 (399) 11,797 3,039 11,504 4,221 2,481 (4,913) (692) (9,277) 6,630 
FEB 19,640 198 2,692 1,008 (106) 8,238 3,708 16,157 4,037 2,120 (865) 3,173 (6,179) 15,303: 
MAR 17,n4 16 2,349 1,025 (465) 7,407 3,473 14,433 3,476 1,921 (357) 3,119 (5,399) 14,123 I 

APR 9,809 50 3,641 790 1,466 4,018 2.4n 7,016 1,324 182 994 2,318 (4,532) 7,863 
MAY 13,703 81 2,763 504 2,402 4,417 2,965 10,218 2,371 138 34 2,405 (5,460) 10,012 
JUN 13,422 67 1,813 353 3,7n 5,479 6,711 5,834 1,153 1,597 661 1,814 (5,674) 6,118 
JUL ' 20,916 49 1,667 342 4,211 11,280 8,737 11 '175 3,728 1,505 (3,582) 146 (11,no) 7,172 
AUG 17,852 49 1,137 309 2,943 10,259 7,953 9,212 3,123 1,143 (3,111) 11 (10,631) 5,807 
SEP 10,656 50 1,313 235 1,793 6,439 5,792 4,466 1,207 1,269 (528) 678 (6,151\ 3,758 
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1986 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1987 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1988 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

12,678 
10,779 
15,273 
18,731 

108,473 
67,672 
19,089 
11,015 
12,412 
16,305 
11,3n 
10,851 

10,589 
12,099 
9,414 

12,797 
19,140 
31,898 
13,323 
11,414 
13,589 
21,212 
16,093 
10,204 

10,336 
9,844 

15,966 
25,075 
17,056 
11,941 

9,123 
9,509 

14,268 
15,721 
10,209 
7,239 

33 
218 
667 

33 
89,63411 
55,263 

1,143 
179 
67 
49 
49 
50 

49 
34 
81 

114 
216 
374 
134 

81 
67 
49 
49 
50 

33 
67 

439 
1,236 

90 
65 
84 
65 
50 
49 
49 
50 

2,000 
2,473 
2,248 
1,491 

10,998 
24,532 
17,338 
7,523 
4,538 
2,080 
2,062 
2,613 

5,921 
2,922 
3,463 
1,679 
1,663 
2,005 
2,435 
2,005 
1,835 
1,428 
1,010 
1,204 

1,480 
1,559 
1,378 
1,078 

900 
1,359 
2,005 
2,005 
1,840 
1,212 
1,004 
1,114 

130 
353 
569 

1,073 
17,700 
11,986 
3,260 
1,838 
1,042 

520 
585 
521 

748 
571 
455 
358 
666 
943 
319 
325 
319 
325 
293 
269 

163 
336 
732 
488 
180 
130 
420 
358 
319 
325 
293 
269 

1,225 
535 
203 

(1 ,408) 
(5,886) 
(1,587) 
1,130 
2,175 
3,878 
4,195 
2,943 
1,659 

1_.388 
955 
886 
(139) 
(520) 
(204) 

1,617 
2,516 
3,878 
4,211 
2,943 
1,928 

1,209 
no 
317 

(1 ,440) 
326 
869 

1,242 
2,052 
3,533 
4,185 
2,916 
1,903 

/-'·'',, 

Table Bl-10. Continued 

8,727 
7,911 

11,262 
11,372 
12,700 
11,700 
11,280 
6,810 
6,321 
6,446 
5,051 
8,075 

11,250 
8,934 
7,784 
9,199 
9,758 

11,221 
3,800 
3,455 
5,534 

11,280 
8,755 
6,020 

6,588 
6,113 

11,114 
11,236 
6,370 
4,723 
2,965 
3,114 
5,766 
7,320 
4,886 
3,497 

6,479 
2,599 
3,161 
3,593 

16,843 
10,473 
3,638 
2,629 
6,394 
7,539 
6,048 
5,863 

5,768 
2,765 
2,426 
2,852 
3,645 
5,309 
2,918 
2,679 
6,761 
8,811 
7,481 
5,624 

5,674 
2,481 
3,247 
4,404 
3,383 
2,745 
2,389 
2,438 
6,964 
7,378 
5,626 
3,866 

5,926 
8,264 

12,729 
15,523 

182,736 
112,858 

16,311 
8,021 
5,116 
7,766 
4,642 
4,624 

4,523 
9,129 
6,847 

10,093 
15,841 
27,014 
10,135 
8,187 
5,925 

11,397 
7,925 
4,148 

4,393 
7,238 

13,079 
22,267 
13,681 
9,043 
6,508 
6,623 
6,471 
7,345 
3,903 
2,947 

1,735 
2,872 
4,710 
5,004 

31,138 
14,956 

7 
758 
299 

1,605 
645 

1,210 

1,032 
3,219 
2,273 
3,713 
4,805 
7,216 
2,206 
2,020 
1,199 
3,836 
2,544 
1,105 

1,109 
2,446 
4,963 
6,585 
3,894 
2,469 
1,230 
1,519 
1,264 
2,162 

972 
608 

100 
1,994 
1,862 
1,390 
6,668 

14,392 
10,230 

376 
3,144 
1,761 
1,750 
2,075 

296 
2,251 
2,554 
1,513 
1,503 
1,716 

122 
100 

1,611 
1,348 
1,047 
1,192 

74 
1,435 
1,314 
1,099 

959 
1,301 

100 
100 

1,614 
1,198 
1,042 
1,126 

Flt'li!ll I SJFI4t 
qWE$T Antioch 

(1,128) 
(3,016) 
(5,561) 
(4,421) 
36,564 
36,224 
12,112 
3,546 
2,851 

655 
1,393 
(421\ 

71 
(3,480) 
(2,161) 
(4,340) 
(3,550) 
(2,931) 

500 
(356) 
580 

(3,764) 
(2,222) 

(440\ 

(271) 
(2,421) 
(6,108) 
(4,450) 
(2,249) 
(1,152) 

916 
78 

n9 
(1 ,436) 

(197) 
251 

607 
(145) 
(851) 
583 

67,702 
51,180 
12,118 
4,305 
3,150 
2,260 
2,039 

789 

1,103 
(261) 
113 

(627) 
1,256 
4,285 
2,706 
1,664 
1,780 

72 
322 
665 

838 
25 

(1,145) 
2,135 
1,645 
1,317 
2,146 
1,598 
2,044 

726 
775 
859 

bldR.& 
MiddieR. 

(9,331) 
(6,314) 
(9,627) 
(9,539) 
(3,781) 
3,228 

(1 ,612) 
(7,524) 
(5,009) 
(6,674) 
(4,816) 
(6,92~ 

(11 ,723) 
(7,248) 
(5,729) 
(7,752) 
(8,151) 
(9,522) 
(4,435) 
(4,581) 
(5,754) 

(11,927) 
(9,223) 
(5,863) 

(7,212) 
(5,169) 

(10,072) 
(9,682) 
(5,645) 
(3,868) 
(3,472) 
(4,055) 
(5,846) 
(8,107) 
(5,348) 

_13.396\ 

Total 
Outflow 

4,675 
5,194 
7,147 

11,243 
219,888 
149,241 
28,310 
11,350 
7,579 
8,002 
5,741 
4,037 

4,455 
5,554 
4,598 
5,767 

12,344 
24,104 
10,473 
7,579 
6,118 
7,212 
5,409 
3,515 

4,001 
4,740 
6,939 

17,960 
11,400 
7,804 
7,300 
6,496 
6,897 
5,491 
3,415 
3,008 
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1989 
OCT 7,130 49 1,826 163 1,333 4,629 3,893 2,953 634 91 172 807 (5,285) 2,992 
NOV 9,396 50 1,235 303 750 5,403 2,424 6,835 2,255 1,214 (2,112) 143 (4,672) 4,648 
DEC 11,596 163 1,082 472 674 6,929 2,702 8,888 3,092 1,102 (3,256) (164) (6,241) 5,565 
JAN 12,906 65 937 163 (155) 8,317 2,866 10,144 3,735 989 (4,371) (637) (7,387) 5,788 
FEB 13,896 90 I 917 288 76 6,836 2,989 10,978 3,435 973 (2,794) 641 (5,997) 8,176 
MAR 39,162 455 1,472 1,480 (82) 11,130 6,306 33,332 8,371 1,378 (1 ,918) 6,453 (9,819) 31.422 
APR 22,181 202 2,435 756 1,623 6,052 4,031 17,946 4,186 122 (8) 4,178 (6,690) 11.n6 
MAY 14,571 65 2,435 472 2,521 4,049 3,073 10,932 2,678 122 (412) 2,265 (5, 156) 10,268 
JUN 13,397 67 1,896 353 3,815 5,500 6,703 5,807 1,137 1,649 692 1,829 (5,658) 6,117 
JUL 21,621 49 1,049 342 4,198 11,280 8,913 11,707 3,988 1.on (4,016) (28) (12,193) 7,272 
AUG 19,234 49 1,018 309 2,865 11,280 8,311 10,256 3,595 1,053 (3,842) (247) {11 ,711) 6,127 
SEP 10,466 17 900 252 1,042 6,500 5,722 4,500 1,230 959 (578) 652 (6,222\ 3,818 
1990 
OCT 9,151 0 1,456 114 1,036 5,470 4,908 3,984 891 73 121 1,012 (6,026) 4,001 
NOV 8,058 34 1,114 202 794 3,927 2,251 5,643 1,647 1,126 (1 ,059) 588 (3,301) 4,504 
DEC 14,230 33 1,018 65 943 7,842 3,031 10,996 3,969 1,053 (4,486) (517) (7,311) 6,416 
JAN 17,203 260 1,026 293 (456) 11,219 3,401 14,176 5,286 1,059 (6,323) (1 ,037) (10,098) 7,898 
FEB 15,179 756 1,007 414 (222) 6,075 3,149 12,842 3,452 1,045 (1,463) 1,989 (5,044) 11,400 
MAR 11,050 33 1,311 374 792 4,469 2,634 8,251 2,194 1,268 (862) 1,332 (3,715) 7,310 
APR 12,816 286 2,005 538 1,579 3,621 2,855 9,852 2,122 100 556 2,679 (4,331) 10,251 
MAY 10,420 33 1,281 285 5,039 217 2,222 2,775 407 3,398 772 2,707 362 3,069 
JUN 10,537 33 1,118 233 5,181 215 7,054 2,992 293 3,498 3,416 814 791 1,605 
JUL 13,530 33 1,011 163 6,058 238 7,463 3,667 2,353 6,257 4,360 (1 ,857) 2,051 194 
AUG 13,416 25 1,001 171 5,957 223 5,672 2,940 3,311 6,472 3,669 (1,729) 2,046 318 
SEP 10,381 37 907 170 5,206 234 4,138 3,307 2,587 6,126 2,685 (1,590 1,537 (52) 
1991 
OCT 7,620 15 993 234 4,323 185 3,887 1,107 2,258 3,549 1,816 821 403 1,224 
NOV 7,723 26 1,115 201 4,353 149 2,206 1,588 2,121 3,858 650 1,390 313 1,703 
DEC 10,818 25 918 64 5,260 148 2,413 2,277 2,780 5,205 196 910 991 1,901 
JAN 8,984 25 816 68 4,722 146 2,563 1,883 2,883 4,912 969 66 910 976 
FEB 8,133 16 758 87 4,473 137 2,984 2,606 1,778 4,521 (2,948) 2,712 174 2,886 
MAR 25,755 893 1,779 1,226 5,184 111 4,861 3,722 5,929 9,763 (4,737) 1,504 4,743 6,247 
APR 10,879 46 1,168 510 4,747 100 3,010 2,882 4,518 7,499 1,316 (1 ,930) 1,944 14 
MAY 7,332 43 1,049 471 3,515 130 2,242 1,277 1,281 2,686 2,212 912 478 1,390 
JUN 8,930 43 568 269 3,935 155 6,809 894 878 1,925 3,716 431 811 1,242 
JUL 9,514 43 594 181 4,878 173 6,387 1,633 770 2,574 4,279 297 738 1,035 
AUG 9,515 34 537 166 4,878 167 5,340 1,659 1,993 3,817 3,739 (666) 1,066 400 
SEP 9,~8 36 574 192 5,005 161 ·- 4,~ 1,852 2,224 4,235 _2,632 (174) 1,048 874 

-- - ---- - ----

Note: Negative values shown in parentheses. 
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Table B1-11. Simulated No-Project Channel Flows (cfs) and Changes in Flows (cfs) Resulting from Operations of the DW Project Alternatives for 1968-1991 

· ·•·\••••••• N~f~r~Ji£fAt~M~~~~JI \<••·•••JI ; •c•~~Qiltiv~j••Bhiln9~~.~h•aoWJ LiJI. ··•·••••· Atti!ttiit~0~2cbanges iit.F!owt·· .·.Atti3thil.tlve.$ Ot\aligeil. ih•f:lows 

1968 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1969 

o~~~ ~~~~?ttl~ l'rd;~.~~~;ow M;t;~bs ~ti~~ ~~~~tJi ll ¢~o£ ~=~$ :~ti~:~ ······~i~~~ :.11 oUtfiow 

14,835 
7,990 
6,712 

21,455 
60,399 
29,160 
10,325 
7,579 
6,841 
7,731 
5,259 
4,158 

2,910 
5,287 
4,822 
6,796 l 

12,763 
8,005 
1,718 
1,734 
1,435 
3,834 
1,992 
1,449 

3972 
-942 

-1102 
3470 

15160 
5799 
3042 
1895 
1892 
296 
691 
653 

(11 ,876) 
(10,048) 

(9,799) 
(9,427) 
(9,595) 
(9,521) 
(5,186) 
(4,852) 
(6,149) 

(11 ,765) 
(7,769) 
(6,611 

(180) 
(37) 
(34) 

0 
(7) 
25 

0 
0 

69 
(7) 
0 
0 

56 
12 
11 
(0) 
2 

(8) 
0 
0 

(22) 
2 
0 
0 

(123) 
(25) 
(23) 

0 
(5) 
17 
0 
0 

47 
(5) 
(0) 
0 

0 
0 
0 
0 
0 
0 

(687) 
(1,305) 

0 
0 

(1 ,623) 
(25' 

(180) 
(37) 
(34) 

0 
(7) 
25 

0 
0 

69 
(7) 
0 
0 

56 
12 
11 
(0) 
2 

(8) 
0 
0 

(22) 
2 
0 
0 

(123) 
(25) 
(23) 

0 
(5) 
17 

0 
0 

47 
(5) 
(0) 
0 

0 
0 
0 
0 
0 
0 

(464) 
(940) 

0 
0 

(2,204) 
(25 

(1 ,949) 
(20) 
(11) 
(11) 
(19) 
(42) 

0 
0 

131 
(7) 
0 
0 

Thteemlliii·• SJR iij Old R. & 

Stough Alitioeh ·Middle R. 

611 
6 
4 
4 
6 

13 
(0) 
0 

(41) 
2 

(0) 
0 

(1 ,338) 
(14) 

(8) 
(8) 

(13) 
(29) 

0 
0 

90 
(5) 
0 
0 

0 
0 
0 
0 
0 
0 

(464) 
(940) 

0 
0 

(3,743) 
___{ill} 

OCT 5,157 2,112 501 (9,721) 0 0 0 10 0 0 0 10 0 0 0 (41) 
NOV 5,675 3,438 -403 (7, 168) 0 (0) 0 12 0 (0) 0 12 0 (0) 0 (30) 
DEC 13,989 5,967 1032 (9,884) (3,892) 1,220 (2,672) 0 (3,892) 1,220 (2,672) 0 (5,504) 1,725 (3,n9) 0 
JAN 116,869 18,951 33926 (7,531) 0 (0) 0 0 0 (0) 0 0 (1,095) 343 (752) 0 
FEB 129,847 14,969 42814 (539) (7) 2 (5) 0 (7) 2 (5) 0 (20) 6 (14) o 
MAR 51,928 8,764 14899 (6,945) 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 44,212 6,176 13785 (1 0, 140) (25) 8 (17) 0 (25) 8 (17) 0 (77) 24 (53) 0 
MAY 55,819 2,713 21657 13 (39) 12 (27) 0 (39) 12 (27) 0 (97) 31 (67) 0 
JUN 25,197 (20) 10929 (4,713) (49) 15 (33) 0 (49) 15 (33) 0 (104) 33 (71). 0 
JUL 8,002 388 3271 (4,797) 0 0 0 (3,819) 0 0 0 (3,819) 0 0 0 (4,703) 
AUG 5,741 955 1782 (5,168) 0 0 0 (60) 0 0 0 (60) 0 0 0 (1,674) 
SEP 13,370 3,323 3025 (10,099 (3,974) 1,246 (2,729) 0 (3,974) 1,246 (2,729) 0 (5,931) 1,859 (4,072) 0 
1970 
OCT 17,681 1,374 6446 (11 ,530) (63) 20 (43) 0 (63) 20 (43) 0 (861) 
NOV 10,697 4,816 603 (8,942) (37) 12 (25) 0 (37) 12 (25) 0 (20) 
DEC 50,991 11,155 12498 (8,846) (34) 11 (23) 0 (34) 11 r (23) 0 (11) 
JAN 197,170 31,946 57405 (4,230) 0 (0) 0 0 0 (0) 0 0 (11) 
FEB 83,351 15,910 22346 (7,935) (7) 2 (5) 0 (7) 2 (5) 0 (20) 
MAR 30,331 7,166 7012 (9,228) 25 (8) 17 0 25 (8) 17 0 (42) 
APR 11,579 1,761 3544 (6,454) 0 0 0 (207) 0 0 0 (591) 0 
MAY 7,579 1,702 1926 (6,039) 0 0 (0) (112) 0 0 (0) (724) 
JUN 7,580 1,438 2201 (6,168) 69 (22) 47 0 69 (22) 47 0 
JUL 9,367 3,985 868 (11 ,736) (9) 3 (6) 0 (9) 3 (6) 0 
AUG 5,741 1,432 1386 (6,330) 0 0 (0) (3,282) 0 0 (0) (2,300) 
SEP 3,872 1 ,307 648 (6,292) 0 0 0 (25) 0 0 0 (25 

7 
131 

(9) 
0 
0 

270 
6 
4 
4 
6 

13 
0 

(2) 
(41) 

3 
(0) 

_10}_ 

(591) 
(14) 

(8) 
(8) 

(14) 
(29) 

(0) 
5 

90 
(6) 
0 
0 

0 
0 
0 
0 
0 
0 

(591) 
(724) 

0 
0 

(4,684) 
(691 
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1971 
OCT 5,063 2,003 550 (9,679) 0 (0) 0 10 0 (0) 0 10 0 {0) 0 
NOV 15,280 5,585 1882 (9,337) (4,011) 1,257 (2,754) 0 {4,011) 1,257 (2,754) 0 (5,970) 1,871 (4,099) 
DEC 64,496 12,062 17428 (8,635) (34) 11 (23) 0 (34) 11 {23) 0 (808) 253 (555) 
JAN 45,818 10,846 I 10519 (9,692) 0 (0) 0 0 0 (0) 0 0 (11) 4 {8) 
FEB 22,n5 6,063 4700 (7,409) 0 0 0 (3,493) 0 0 0 (2,605) 0 {0) 0 
MAR 43,n8 10,319 10129 (9,658) (3, 137) 983 (2, 154) 0 (2,335) 732 (1,603) 0 (2,413) 756 (1 ,657) 
APR 16,279 3,286 4276 (7,113) 0 0 0 {131) 0 0 0 {103) 0 0 {0) 
MAY 25,812 5,978 6131 (9,176) {190) 59 (130) 0 (163) 51 (112) 0 (271) 85 (186) 
JUN . 12,690 2,925 3147 (8,945) 69 (22) 47 0 69 {22) 47 0 131 {41) 90 
JUL 9,456 3,961 926 (11 ,734) (7) 2 (5) 0 (7) 2 (5) 0 (7) 2 (5) 
AUG 5,741 1,520 1313 (6,634) 0 0 {0) (3,657) 0 0 {0) {3,657) 0 0 0 
SEP 6,040 2.796 331J. (9.867) 0 0 0 (25) 0 0 0 (25) 0 
1972 
OCT 8,275 3,012 1088 {11 ,936) (2,461) n1 (1 ,690) 0 (2,461) n1 {1 ,690) 0 (2,411) 755 (1 ,655) 
NOV 6,485 5,023 -1365 (9,995) 0 0 0 {164) 0 0 0 (164) 0 0 0 
DEC 12,481 5,522 759 (9,858) (1 ,648) 517 (1,132) {215) (1 ,648) 517 (1 '132) (75) (4,212) 1,320 (2,892) 
JAN 9,279 5,191 -358 (9,843) {215) 67 {147) 0 (75) 24 (52) 0 {86) 27 (59) 
FEB 18,216 5,704 3045 {8,274) 23 (7) 16 0 23 (7) 16 (1 ,661) 40 {13) 27 
MAR 22,627 7,475 3496 (9,931) (3) 1 (2) 0 (947) 297 (650) 0 (964) 302 (662) 
APR 9,811 1,532 2980 (5,127) 0 0 0 {676) 0 0 0 (457) 0 0 {0) 
MAY 7,579 1,768 18n (5,045) 0 0 (0) {540) 0 0 {0) (372) 0 0 0 
JUN 6,841 1,405 1913 {6,064) 69 (22) 47 0 69 (22) 47 0 131 
JUL 7,848 3,863 321 (11 ,766) (8) 3 (5) 0 (8) 3 {5) 0 (8) 
AUG 6,826 3,788 -106 (11 ,765) (6) 2 (4) 0 (6) 2 {4) 0 (6) 
SEP 3.791 1.381 540 (6.620) 0 0 0 (2.424) 0 0 0 (2.186) 0 
1973 
OCT 5,618 2,459 390 {10,568) 0 0 0 10 0 0 0 10 0 0 0 
NOV 15,153 5,707 1707 (9,223) (4,011) 1,257 (2,754) 0 {4,011) 1,257 (2,754) 0 (5,672) 1,7n {3,894) 
DEC 19,014 6,749 2501 (9,646) (34) 11 (23) (254) (34) 11 {23) (89) {1 ,096) 344 (753) 
JAN 72,396 13,893 19128 (7,856) (253) 79 (174) 0 (89) 28 (61) 0 (100) 31 (69) 0 
FEB 8s,sn 14,714 26041 (8,208) (7) 2 (5) 0 (7) 2 {5) 0 (20) 6 (14) 0 
MAR 55,634 9,535 15809 (7,402) 25 (8) 17 0 25 (8) 17 0 (42) 13 {29) 0 
APR 15,006 2,727 4201 {7,856) 51 (16) 35 0 51 (16) 35 0 74 {23) 51 0 
MAY 14,120 3,090 3563 (8,374) 60 (19) 41 0 60 {19) 41 0 101 (32) 69 0 
JUN 10,301 2,318 2636 (7,089) 0 (0) 0 {656) 0 (0) 0 (3,493) 0 {0) 0 (3,493) 
JUL 9,373 3,915 929 (11 ,585) 0 0 0 (170) 0 0 0 (170) 0 0 0 (170) 
AUG 5,302 1,340 1275 (6,158) 0 0 (0) (2,739) 0 0 {0) (60) 0 {0) 0 (2,382) 
SEP 4.147 1.440 653 (6,642) 0 0 0 (25) 0 0 0 (25) 0 0 0 
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Table B 1-11. Continued 
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~ 0~~~ ~g4i$ i ~ti~~- ~;'=d~lll oilifl~w< r::~~~~ =ti~:~ =i~d~i ~-~~Outfiow ~=:e :~~:~ =~l:d~ :. ll Outflow 
Threemlllii SJR at bid R. & 

·. 
Slough Ahtioeh Middle R. 

1974 
OCT 5,615 2,383 456 (11,362) 0 0 0 10 0 0 0 10 0 0 0 
NOV 59,059 12,956 14446 (9,530) (4,011) 1,257 (2,754) 0 (4,011) 1,257 (2,754) 0 (5,970) 1,871 (4,099) 
DEC 65,180 12,838 17109 (9,091) (34) 11 (23) 0 (34) 11 (23) 0 (808) 253 (555) 
JAN 125,805 24,088 

1 
33610 (9,017) 0 (0) 0 0 0 (0) 0 0 (11) 4 (8) 

FEB 38,960 9,817 8486 (9, 711) (7) 2 (5) 0 (7) 2 (5) 0 (20) 6 (14) 
MAR 103,056 17,766 29197 (8,856) 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 
APR 68,918 14,012 17802 (1 0,054) (25) 8 (17) 0 (25) 8 (17) 0 (77) 24 (53) 
MAY 19,915 4,528 4833 (10,248) 60 (19) 41 0 60 (19) 41 0 101 (32) 69 
JUN 12.455 2,378 3498 (8,105) 69 (22) 47 0 69 (22) 47 (2.416) 131 (41) 90 
JUL 8,002 2,445 1552 (8,413) 0 0 0 (3,215) 0 0 0 (1,268) 0 0 (0) 
AUG 5,741 1,593 1252 (6,857) 0 0 (0) (335) 0 0 (0) (60) 0 0 0 
SEP 9,308 3,549 1108 (11,0301 (2,975) 932 (2,043) 0 (2,975) 932 (2,043) 0 (2,975) 932 (2,043) 
1975 

(41) 
0 
0 
0 
0 
0 
0 
0 

(2,416) 
(3,215) 

(399) 
0 

OCT 12,453 3,311 2612 (11,838) (1,030) 323 (707) 0 (1,030) 323 (707) 0 (3,722) 1,166 (2,556) 0 
NOV 8,672 4,983 -398 (9,677) (37) 12 (25) 0 (37) 12 (25) 0 (20) 6 (14) 0 
DEC 8,811 5,070 -417 (9,833) (34) 11 (23) 0 (34) 11 (23) 0 (11) 4 (8) 0 
JAN 6,560 4,972 -1332 (1 0,036) 0 (0) 0 0 0 (0) 0 0 (11) 4 (8) 0 
FEB 61,068 11,143 16742 (8,625) (7) 2 (5) 0 (7) 2 (5) 0 (20) 6 (14) 0 
MAR 81,704 13,904 23263 (8,571) 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 19,925 3,780 5411 (9,462) 51 (16) 35 0 51 (16) 35 0 74 (23) 51 0 
MAY 27,667 5,750 7127 (10,780) (112) 35 (77) 0 (112) 35 (77) 0 (244) 76 (167) 0 
JUN 15,246 3,069 4121 (9,734) 69 (22) 47 0 69 (22) 47 (841) 131 (41) 90 (841) 
JUL 8,263 3,180 1062 (10,076) 0 0 0 (1,611) 0 0 0 (1,611) o 0 (0) (1,611) 
AUG 5,741 1,306 1483 (6,099) 0 0 0 (2',039) 0 0 0 (1,225) 0 (0) 0 (3,725) 
SEP 6,921 3,111 453 (1 0,695 (709) 222 (487) 0 (709) 222 (487) 0 (709) 222 (487) 0 
1976 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

13,314 
11,151 
6,355 
5,865 

10,670 
9,744 
7,475 
6,366 
6,897 
5,750 
3,415 
3,008 

3,245 
5,467 
4,666 
3,881 
5,016 
3,330 
1,444 
1,781 
1,389 
2,399 

614 
643 

3022 
260 

-1119 
-716 

408 
1447 
2056 
1358 
1952 
641 

1054 
820 

(11,728) 
(9,659) 
(9,300) 
(7,582) 
(8,361) 
(5,192) 
(3,769) 
(4,534)' 
(6,094) 
(8,592) 
(3,867) 
(4,01?) 

(3,223) 
(37) 

0 
0 

23 
73 

0 
0 

68 
0 
0 
0 

1,010 
12 

0 
0 

(7) 
(23) 

0 
0 

(21) 
0 
0 
0 

(2,213) 
(25) 

0 
0 

16 
50 

0 
0 

47 
0 
0 
0 

0 
0 

(1,114) 
(2,722) 

0 
0 

(51) 
(60) 

(1) 
(78) 
(60) 
(25' 

(3,223) 
(37) 

0 
0 

23 
73 

0 
0 

68 
0 
0 
0 

1,010 
12 

0 
0 

(7) 
(23) 

0 
0 

(21) 
0 
0 
0 

(2,213) 
(25) 

0 
0 

16 
50 

0 
0 

47 
0 
0 
0 

0 
0 

(694) 
(2,735) 

(406) 
0 

(51) 
(60)' 

(1) 
(78) 
(60) 

_125 

(5,347) 
(607) 

0 
0 

40 
55 

0 
0 

131 
0 
0 
0 

1,676 
190 

0 
0 

(13) 
(17) 

0 
0 

(41) 
0 
0 
0 

(3,671) 
(417) 

0 
0 

27 
38 

0 
0 

90 
(0) 
0 
0 

0 
0 

(666) 
(2,735) 
(2,055) 
(1,104) 

(74) 
(101) 

(1) 
(150) 
(116) 
~91 
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1977 
OCT 2,992 730 724 (6,092) 0 0 0 10 0 0 0 10 0 0 0 (41) 
NOV 5,211 2,845 -101 (5,551) 0 0 0 12 0 0 0 12 0 0 (0) (30) 
DEC 7,186 5,585 -1531 (10,486) 0 0 0 21 0 0 0 21 0 0 0 (7) 
JAN 4,505 1,892 1 349 (3,901) 0 0 0 (15) 0 0 0 (15) 0 0 0 (18) 
FEB 8,083 3,135 870 (5,177) 0 0 0 (23) 0 0 0 (23) 0 0 (0) (41) 
MAR 6,897 1 ,994 1324 (3,299) 21 (7) 14 (52) 21 (7) 14 (52) 3 (1) 2 (52) 
APR 6,897 1 ,259 1968 (3,565) 0 0 0 (51) 0 0 0 (51) 0 o (0) (74) 
MAY 4,505 889 1265 (3,293) 0 0 (0) (60) 0 0 (0) (60) 0 0 0 (101) 
JUN 4,000 (283) 2103 (1 ,260) 0 0 0 (69) 0 0 0 (69) 0 0 0 (131) 
JUL 4,001 204 1715 (2,787) 0 (0) 0 (78) 0 (0) 0 (78) 0 (0) 0 (150) 
AUG 3,415 (135) 1692 (1 ,403) 0 0 (0) (60) 0 0 (0) (60) 0 0 0 (116) 
SEP 3,008 618 838 (3,421 0 0 0 (25 0 0 0 (25 0 0 0 (691 
1978 
OCT 2,992 635 · 805 (5,098) 0 (0) 0 10 0 (0) 0 10 0 (0) 0 (41) 
NOV 3,537 1,104 623 (2,504) 0 0 0 12 0 0 0 12 0 0 0 (30) 
DEC 6,832 4,899 -1145 (9,710) 0 0 0 21 0 0 0 21 0 0 0 (15) 
JAN 57,543 10,912 152n (7,752) (3,856) 1,208 (2,648) 0 (3,856) 1,208 (2,648) 0 (5,982) 1,875 (4,107) 0 
FEB 53,376 10,571 13919 (8,657) (7) 2 (5) 0 (7) 2 (5) 0 (687) 215 (472) 0 
MAR 61,156 12,351 15762 (8,262) 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 36,875 6,173 10631 (9,974) (25) 8 (17) 0 (25) 8 (17) 0 (77) 24 (53) 0 
MAY 15,849 3,392 4039 (9,284) 60 (19) 41 0 60 (19) 41 · (67) 101 (32) 69 (67) 
JUN 8,n4 644 3374 (5,272) o (O) o (314) o (O) o (3,780) o (O) o (4,667) 
JUL 8,002 445 3224 (3,266) 0 0 0 (3,369) 0 0 0 (78) 0 0 0 (1 ,61 0) 
AUG 5,302 602 1887 (4,351) 0 0 0 (60) 0 0 0 (60) 0 0 0 (116) 
SEP 5,227 1,872 755 (7,786 0 0 0 (25 0 0 0 (25 0 (0) 0 (69) 
1979 
OCT 9,101 2,578 1803 (11 ,887) 
NOV 6,521 4,n1 -1147 (9,677) 
DEC 4,984 2,682 -59 (5,366) 
JAN 20,305 5,682 3855 (8,855) 
FEB 39,592 6,822 11125 (8, 120) 
MAR 26,109 5,824 6311 (8,687) 
APR 14,392 2,580 4051 (7,582) 
MAY 12,376 2,506 3296 (7,904) 
JUN 10,882 2,463 2764 (7,401) 
JUL 6,505 2,687 723 (9,326) 
AUG 4,668 903 1367 (5,226) 
SEP 3,397 1,057 654 (5,799 

(3,029) 
(205) 

0 
(3,856) 

(7) 
25 
51 
60 

0 
0 
0 
0 

949 
64 

0 
1,208 

2 
(8) 

(16) 
(19) 

0 
(0) 
0 
0 

(2,080) 
(141) 

0 
(2,648) 

(5) 
17 
35 
41 

0 
(0) 
(0) 
0 

0 
0 

(3, 148) 
0 
0 
0 
0 
0 

(657) 
(2,415) 

(493) 
(25 

(3,029) 
(205) 

0 
(3,856) 

(7) 
25 
51 
60 

0 
0 
0 
0 

949 
64 

0 
1,208 

2 
(8) 

(16) 
(19) 

0 
(0) 
0 
0 

(2,080) 
(141) 

0 
(2,648) 

(5) 
17 
35 
41 

0 
(0) 
(0) 
0 

0 
0 

(3,148) 
0 
0 
0 
0 
0 

(3, 181) 
(521) 

(60) 
(25 

(2,979) 
(205) 

0 
(5,982) 

(687) 
(42) 
74 

101 
0 
0 
0 
0 

934 
64 

0 
1,875 

215 
13 

(23) 
(32) 

0 
0 
0 

(O) 

(2,045) 
(141) 

0 
(4, 107) 

(472) 
(29) 
51 
69 

0 
0 
0 
0 

0 
0 

(3,187) 
0 
0 
0 
0 
0 

(3,181) 
(2,415) 

(438) 
J691 
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MiddltiR. 
.·.·.·:·.·.·.··.·.·:·.·.·.·.·.·.·.·.·.··.·.·:·.·;-.·.·:-.·.·.·.·· 

1980 
OCT 4,001 1,246 713 (8,303) 0 0 0 10 0 0 0 10 0 0 0 
NOV 9,608 4,842 115 (9,239) (2,951) 925 (2,026) 0 (2,951) 925 (2,026) 0 (2,908) 912 (1 ,997) 
DEC 12,171 5,521 611 (9,518) (1 ,061) 332 (728) (16) (1 ,061) 332 (728) (5) (3,770) 1,182 (2,589) 
JAN 107,445 16,064 

I 
32388 (5,975) (15) 5 (11) 0 (5) 2 (4) 0 (17) 5 (12) 

FEB 127,706 16,373 40735 (1 ,198) (7) 2 (5) 0 (7) 2 (5) 0 (19) 6 (13) 
MAR 63,895 4,603 23447 597 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 
APR 15,045 2,382 4493 (7,794) 51 (16) 35 0 51 (16) 35 (556) 74 (23) 51 
MAY 12,255 1,963 3690 (7,288) 60 (19) 41 0 60 (19) 41 (1 ,548) 101 (32) 69 
JUN 7,579 426 3043 (4,550) 0 0 0 (583) 0 0 0 (1 ,618) 0 0 0 
JUL 8,002 395 3257 (3,339) 0 0 0 (3,035) 0 0 0 (78) 0 0 0 
AUG 5,302 742 1771 (4,717) 0 0 0 (60) 0 0 0 (60) 0 0 0 

,436 2,036 711 C8.9rn 0 0 0 (25) 0 0 0 (25) 0 0 0 
1981 
OCT 8,882 2,173 2045 (11 ,848) (2,876) 901 (1,975) 0 (2,876) 901 (1 ,975) 0 (2,826) 886 (1 ,940) 
NOV 6,062 4,on -757 (9,027) 0 0 0 (150) 0 0 0 (150) 0 0 0 
DEC 7,249 4,717 -787 (9,548) (1 ,219) 382 (837) 0 (1 ,219) 382 (837) 0 (1 ,336) 419 (917) 
JAN 18,058 6,088 2617 (9,409) 0 (0) 0 0 0 (0) 0 0 (2,588) 811 (1 ,777) 
FEB 20,605 6,520 3387 (9,020) 23 (7) 16 0 23 (7) 16 (686) 41 (13) 28 
MAR 25,565 6,871 5191 (9,197) (3) 1 (2) 0 (623) 195 (428) 0 (717) 225 (492) 
APR 12,223 2,271 3390 (5,526) 0 0 0 (726) 0 0 0 (490) 0 (0) 0 
MAY 7,579 1,754 1879 (4,862) 0 0 0 (1 ,310) 0 0 .0 (940) 0 0 0 
JUN 6,118 1,199 1780 (5,764) 69 (22) 47 0 69 (22) 47 0 131 (41) 
JUL 7,098 3,731 111 (11 ,762) (8) 3 (5) 0 (8) 3 (5) 0 (8) 3 
AUG 4,831 1,976 547 (7,926) 0 0 0 (1 ,582) 0 0 0 (2, 181) 0 
SEP 3.492 1.098 655 (5,841) 0 0 0 (25) 0 0 0 (25) 0 
1982 
OCT 4,793 1,n5 612 (8,901) 0 0 0 10 0 0 0 10 0 0 0 (41 
NOV 26,627 8,171 4586 (10,061) (4,011) 1,257 (2,754) 0 (4,011) 1,257 (2,754) 0 (5,970) 1,871 (4,099) 0 
DEC 88,042 18,191 22441 (9,656) (34) 11 (23) (352) (34) 11 (23) (123) (808) 253 (555) (123) 
JAN n,881 12,153 22951 (7,904) (352) 110 (242) 0 (123) 39 (85) 0 (135) 42 (92) 0 
FEB 94,845 15,098 27899 (8,601) (7) 2 (5) 0 (7) 2 (5) 0 (20) 6 (14) 0 
MAR 79,101 7,130 2nos (2,946) 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 139,945 12,473 49350 2,269 (25) 8 (17) 0 (25) 8 (17) 0 (77) 24 (53) 0 

MAY 46,703 1,543 18734 (1 ,057) (39) 12 (27) 0 (39) 12 (27) 0 (97) 31 (67) 0 
JUN 16,995 1,398 6250 (8,326) 32 (10) 22 0 32 (10) 22 0 95 (30) 65 
JUL 8,002 1,148 2640 (7,398) 0 0 0 (2,692) 0 0 0 (2,692) 0 0 0 
AUG 5,801 1,527 1333 (7,624) 0 0 (0) (993) 0 0 (0) 
SEP 1 



Table Bl-11. Continued 

1983 
OCT 31,140 3,761 10199 (4,528) (63) 20 (43) 0 (63) 20 (43) 0 (695) 218 (477) 0 
NOV 43,784 5,721 13898 (5,920) (37) 12 (25) 0 (37) 12 (25) 0 (20) 6 (14) 0 
DEC 86,212 5,798 31931 (646) (34) 11 (23) 0 (34) 11 (23) 0 (11) 4 (8) 0 
JAN 101,369 6,813 I 37392 1,546 0 (0) 0 0 0 (0) 0 0 (11) 4 (8) 0 
FEB 181,018 14,049 65409 9,262 (7) 2 (5) 0 (7) 2 (5) 0 (20) 6 (14) 0 
MAR 256,037 22,824 90080 15,315 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 105,749 5,008 40956 6,363 (25) 8 (17) 0 (25) 8 (17) 0 (77) 24 (53) 0 
MAY 78,406 2,785 31220 3,811 (39) 12 (27) . 0 (39) 12 (27) 0 (97) 31 (67) 0 
JUN 70,952 1,209 29424 4,599 (49) 15 (33) 0 (49) 15 (33) 0 (104) 33 (71) 0 
JUL 28,552 (1 ,968) 13991 (2,658) . (52) 16 (36) 0 (52) 16 (36) 0 (110) 35 (76) 0 
AUG 8,616 1,327 2698 (8,752) (55) 17 (38) 0 (55) 17 (38) 0 (115) 36 (79) 0 
SEP 23.139 580 9455 (5.770} (62} 19 (43} 0 (62} 19 (43} 0 (106} 33 
1984 
OCT 33,203 1,841 12689 (1 ,992) (63) 20 (43) 0 (63) 20 (43) 0 (65) 20 (45) . 0 

NOV 77,020 8,617 25709 (4,483) (37) 12 (25) 0 (37) 12 (25) 0 (20) 6 (14) 0 
DEC 152,708 17,245 50745 313 (34) 11 (23) 0 (34) 11 (23) 0 (11) 4 (8) 0 
JAN 75,962 5,367 27941 879 0 (0) 0 0 0 (0) 0 0 (11) 4 (8) 0 
FEB 41,156 5,490 12994 (6,217) (7) 2 (5) 0 (7) 2 (5) 0 (19) 6 (13) 0 
MAR 30,792 5,608 8506 (7,582) 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 12,623 1,922 3852 (7,172) 51 (16) 35 0 51 (16) 35 (139) 74 (23) 51 (139) 
MAY 8,946 2,139 2146 (6,888) 60 (19) 41 0 60 (19) 41 (536) 101 (32) 69 (536) 
JUN 8,232 1,232 2653 (6,296) 69 (22) 47 0 69 (22) 47 0 131 (41) 90 0 
JUL 8,845 3,401 1130 (10,931) 0 0 0 (775) 0 0 0 (775) 0 0 0 
AUG 5,741 924 1807 (5,677) 0 0 (0) (2,702) 0 0 (0) (2,032) 0 (0) 0 

,638 2,240 628 9,426 0 0 0 25 0 0 0 25 0 0 0 
1985 
OCT 9,539 2,758 1821 (11 ,742) (3,028) 949 (2,079) 0 (3,028) 949 (2,079) 0 (2,978) 933 (2,045) 
NOV 29,257 7,378 6347 (8,725) (917) 287 (630) 0 (917) 287 (630) 0 (3,724) 1,167 (2,557) . 

DEC 20,044 5,573 3931 (8,687) (34) 11 (23) 0 (34) 11 (23) 0 (11) 4 (8) 
JAN 6,630 4,221 -692 (9,277) 15 (5) 10 0 15 (5) 10 (183) 18 (6) 12 
FEB 15,303 4,037 3173 (6,179) 23 (7) 16 0 23 (7) 16 (3,530) 41 (13) 28 
MAR 14,123 3,476 3119 (5,399) 73 (23) 50 0 73 (23) 50 (408) 55 (17) 38 
APR 7,863 1,324 2318 (4,532) 0 0 0 (819) 0 0 0 (51) 0 0 (0) 
MAY 10,012 2,371 2405 (5,460) 0 0 (0) (517) 0 0 (0) (60) 0 0 0 
JUN 6,118 1,153 1814 (!;i,674) 69 (22) 47 0 69 (22) 47 0 131 (41) 90 
JUL 7,172 3,728 146 (11 ,770) (8) 3 (5) 0 (8) 3 (5) 0 (8) 3 (5) 
AUG 5,807 3,123 11 (10,631) 0 0 0 (1 ,021) 0 0 0 (60) 0 (0) 0 
SEP 3.758 1.207 678 (6.1511 0 0 0 (1.150} 0 0 0 (25} 0 (0} 0 
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1_·······- v~···· olrtilow .·· ·.· SICN9H Antioch Mieidl~ 'rt OlltfloW . . $I ()Ugh Antioch . Middle R. Outflow Slough Antioch MiddlE! R. 

1986 
OCT 4,675 1,735 607 (9,331) 0 (0) 0 10 0 (0) 0 10 0 (0) 0 (41) 
NOV 5,194 2,872 -145 (6,314) 0 0 0 12 0 0 0 12 0 0 0 (30) 
DEC 7,147 4,710 I (851) (9,627) (405) 127 (278) 0 (405) 127 (278) 0 (405) 127 (278) 0 
JAN 11,243 5,004 583 (9,539) (2.477) 776 (1 ,700) 0 (2,477) n6 (1 ,700) 0 (2,473) n5 (1 ,698) 0 
FEB 219,888 31,138 67,702 (3,781) (1 ,126) 353 (773) 0 (1 ,126) 353 (773) 0 (4,140) 1,297 (2,842) 0 
MAR 149,241 14,956 51' 180 3,228 25 (8) 17 0 25 (8) 17 0 (42) 13 (29) 0 
APR 28,310 7 12,118 (1 ,612) (25) 8 (17) 0 (25) 8 (17) 0 (77) 24 (53) 0 
MAY 11,350 758 4,305 (7,524) 60 (19) 41 0 60 (19) 41 (3,n1) 101 (32) 69 (3,000) 
JUN 7,579 299 3,150 (5,009) 69 (22) 47 0 69 (22) 47 0 131 (41) 90 (3,283) 
JUL 8,002 1,605 2,260 (6,674) 0 0 0 (3,606) 0 0 0 . (78) 0 0 0 (150) 
AUG 5,741 645 2,039 (4,816) 0 0 0 (60) 0 0 0 (60) 0 (0) 0 (116) 
SEP 4,037 1,210 789 (6,928 0 0 0 (25 0 0 0 (251 0 0 0 (69) 
1987 
OCT 4,455 1,032 1,103 (11 ,723) (10) 3 (7) 0 (10) 3 (7) 0 41 (13) 28 0 
NOV 5,554 3,219 (261) (7,248) 0 0 0 12 0 0 0 12 0 0 0 (30) 
DEC 4,598 2,273 113 (5,729) 0 0 (0) 21 0 0 (0) 21 0 0 0 (15) 
JAN 5,767 3,713 (627) (7,752) 0 0 0 (15) 0 0 0 (15) 0 0 0 (18) 
FEB 12,344 4,805 1,256 (8,151) 23 (7) 16 0 23 (7) 16 0 41 (13) 28 0 
MAR 24,104 7,216 4,285 (9,522) (1,033) 324 (709) 0 (1 ,033) 324 (709) 0 (1,051) 329 (721) 0 
APR 10,473 2,206 2,706 (4,435) 0 0 0 (917) 0 0 0 (614) 0 0 0 (614) 
MAY 7,579 2,020 1,664 (4,581) 0 0 (0) (156) 0 0 (0) (326) 0 0 0 (326) 
JUN 6,118 1,199 1,780 (5,754) 69 (22) 47 0 69 (22) 47 0 131 (41) 90 0 
JUL 7,212 3,836 72 (11 ,927) (7) 2 (5) 0 (7) 2 (5) 0 (7) 2 (5) 0 
AUG 5,409 2,544 322 (9,223) 0 0 0 (60) 0 0 0 (60) 0 0 0 (116) 
SEP 3,515 1,105 665 (5,863 0 0 0 (25 0 0 0 (25 0 (0) 0 (69) 
1988 
OCT 4,001 1,109 838 (7,212) 0 (0) 0 10 0 (0) 0 10 0 0 0 (41) 
NOV 4,740 2,446 25 (5,169) 0 0 0 12 0 0 0 12 0 0 0 (30) 
DEC 6,939 4,963 (1 '145) (10,072) (62) 19 (42) 0 (62) 19 (42) 0 (62) 19 (42) 0 
JAN 17,960 6,585 2,135 (9,682) (3,830) 1,200 (2,630) (26) (3,830) 1,200 (2,630) (26) (5,982) 1,875 (4, 107) (44) 
FEB 11,400 3,894 1,645 (5,645) 14 (4) 9 (9) 14 (4) 9 (4,009) 31 (10) 21 (4,510) 
MAR 7,804 2,469 1,317 (3,868) 73 (23) 50 (0) 73 (23) 50 (27) 55 (17) 38 (1 ,640) 
APR 7,300 1,230 2,146 (3,472) 0 0 0 (638) 0 0 0 (51) 0 0 0 (74) 
MAY 6,496 1,519 1,598 (4,055) 0 0 (0) (485) 0 0 (0) (60) 0 0 0 (101) 
JUN ' 6,897 1,264 2,044 (5,846) 68 (21) 47 (1) 68 (21) 47 (1) 130 (41) 89 (1) 
JUL 5,491 2,162 726 (8, 107) 0 0 0 (2,437) 0 0 0 (78) 0 0 (0) (150) 
AUG 3,415 972 n5 (5,348) 0 0 0 (60) 0 0 0 (60) 0 0 0 (116) 
SEP 3,008 608 859 (3,396) 0 0 0 (25) 0 0 0 (25) 0 0 0 

-
{69} 
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r< ........... f >······ .. .. . r-i~Wf:ir~JJJtAtli~C~~-< ,k.lj&ffitWJid~nti~~illAb~ /········ ······· \ Ait~nati..;. ~Changes in f=i()W$ Att&tnative 3 Chah~e$ in Flows 

1989 
OCT 2,992 634 807 (5,285) 
NOV 4,648 2,255 143 (4,672) 
DEC 5,565 3,092 (164) (6,241) 
JAN 5,788 3,735 1 (637) (7,387) 
FEB 8,176 3,435 641 (5,997) 
MAR 31,422 8,371 6,453 (9,819) 
APR 17,n6 4,186 4,178 (6,690) 
MAY 10,268 2,678 2,265 (5,156) 
JUN 6,117 1,137 1,829 (5,658) 
JUL 7,272 3,988 (28) (12,193) 
AUG 6,127 3,595 (247) (11,711 )J 

SEP 3,818 1,230 652 (6,222' 
1990 

0 
0 
0 
0 

23 
(3,696) 

51 
0 

69 
(8) 
(7) 
0 

(0) 
0 
0 
0 

(7) 
1,158 

(16) 
0 

(22) 
3 
2 
0 

0 
0 
0 
0 

16 
(2,537) 

35 
0 

47 
(5) 
(5) 
0 

10 
12 
21 

(15) 
0 
0 
0 

(887) 
0 
0 
0 

(2,587) 

0 
0 
0 
0 

23 
(3,696) 

51 
0 

69 
(8) 
(7) 
0 

(0) 
0 
0 
0 

(7) 
1,158 

(16) 
0 

(22) 
3 
2 
0 

0 
0 
0 
0 

16 
(2,537) 

35 
0 

47 
(5) 
(5) 
0 

10 
12 
21 

(15) 
0 
0 
0 

(598) 
0 
0 
0 

(2,886 

0 
0 
0 
0 

41 
(3,714) 

74 
0 

131 
(8) 
(7) 
0 

(0) 
0 
0 
0 

(13) 
1,164 

(23) 
0 

(41) 
3 
2 
0 

0 
0 
0 
0 

28 
(2,550) 

51 
0 

90 
(5) 
(5) 
0 

(41) 
(30) 
(15) 
(18) 

0 
0 
0 

(598) 
0 
0 
0 

(2.4661 

OCT 4,001 891 1,012 (6,026) 0 (0) 0 10 0 (0) 0 10 0 (0) 0 (41) 
NOV 4,504 1,647 588 (3,301) 0 0 0 12 0 0 0 12 0 0 0 (30) 
DEC 6,416 3,969 (517) (7,311) 0 0 0 21 0 0 0 21 0 0 0 (15) 
JAN 7,898 5,286 (1,037) (10,098) (975) 306 (669) 0 (975) 306 (669) 0 (972) 305 (667) 0 
FEB 11,400 3,452 1,989 (5,044) 23 (7) 16 0 23 (7) 16 (1 ,065) 41 (13) 28 (1 ,035) 
MAR 7,310 2,194 1,332 (3,715) 73 (23) 50 0 73 (23) 50 0 55 (17) 38 0 
APR 10,251 2,122 2,679 (4,331) 0 0 0 (709) 0 0 0 (51) 0 0 (0) (74) 
MAY 5,910 1,040 1,709 (3,426) 0 0 0 (164) 0 0 0 (60) 0 0 0 (101) 
JUN 6,897 1,376 1,955 (6,053) 68 (21) 47 (1) 68 (21) 47 (1) 131 (41) 90 . (1) 
JUL 5,584 2,258 686 (8,281) 0 0 0 (78) 0 0 0 (78) 0 0 (0) (150) 
AUG 3,447 1,006 759 (5,441) 0 (0) 0 (60) 0 (0) 0 (60) 0 (0) 0 (116) 
SEP 3,008 618 849 (3,713 0 0 0 (25 0 0 0 (25 0 0 0 (69)j 
1991 
OCT 2,992 637 801 (5,320) 0 (0) 0 10 0 (0) 0 10 0 (0) 0 (41) 
NOV 4,187 1,550 537 (3,151) 0 (0) 0 12 0 (0) 0 12 0 0 (0) (30) 
DEC 4,532 2,237 113 (4,461) 0 0 (0) 21 0 0 (0) 21 0 0 0 (15) 
JAN 5,025 2,769 (152) (5,372) 0 0 0 (15) 0 0 0 (15) 0 0 0 (18) 
FEB 8,258 3,326 n9 (5,649) 0 0 (0) (23) 0 0 (0) (23) 0 0 (0) (41) 
MAR 21,327 6,766 3,450 (9,803) 9 (3) 6 0 9 (3) 6 0 (9) 3 (6) 0 
APR 11,259 2,296 2,959 (4,425) 0 0 0 (51) 0 0 0 (51) 0 0 0 (74) 
MAY 5,362 1,150 1,421 (3,841) 0 0 (0) (60) 0 0 (0) (60) 0 0 0 (101) 
JUN , 7,037 1,106 2,216 (5,449) 0 (0) 0 (69) 0 (0) 0 (69) 47 (15) 32 (85) 
JUL 4,215 1 ,288 907 (5,991) 0 (0) (0) (78) 0 (0) (0) (78) 0 0 (0) (150) 
AUG 3,415 743 961 (4,639) 0 0 0 (60) 0 0 0 (60) 0 0 0 (116) 
SEP 3,008 656 820 (4,428) 0 0 0 __ (25) _ 0 0 0 (25 0 _(0) 0 (69l 

Note: Negative values shown in parentheses. 



·water 
y~ 

1968 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1969 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

I 1970 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
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Table Bl-12. Simulated Historical Percentage Source Contributions to Total Combined SWP and CVP Delta Exports and CCWD Diversions 
from Selected Delta Locations under the No- Project Alternative and the DW Project Alternatives 

. 
OWPtoiect••• ·· ) · < ) A~i"t¢uibal bt~ins. • •···•·• . ·• • ·•···· < • sJFiiriridk c···.·· eastside stteams . SacramentO Inflow Benicia Bciui'ldarv 

. . ... . ...... 

Nb 4 Alt: Alf N6-;: AiC Ait. No+ AIL Aif Ai[ • A It Alt. Alt. No;.,. A it. Ait. No-' Alt. Alt. Alt. No.'"' Att; Alt. .... ····. . ... .. 

Proj~ 1 .••• ••• ·2 ·. 3 pro]. 1 :2 3 Proj; J• 
•·••·· 2 

~ Proj~ 1 2 3 Proj, 1 2 3 Proj; 1 2 

0.0 0.0 0.0 0.0 1.3 1.2 1.2 1.1 24.8 24.4 24.4 21.3 4.3 4.2 4.2 3.9 69.6 70.1 70.1 73.7 0.0 0.0 0.0 
0.0 0.1 0.1 0.1 p.3 0.3 0.3 0.3 16.1 16.0 16.0 16.0 1.5 1.5 1.5 1.5 81.9 81.9 81.9 81.9 0.2 0.2 0.2 
0.0 0.2 0.2 0.2 0.0 0.0 0.0 0.0 19.3 19.3 19.3 19.2 2.3 2.3 2.3 2.3 77.9 77.8 77.8 77.8 0.4 0.4 0.4 
0.0 0.3 0.3 0.3 3.4 3.3 3.3 3.3 18.9 18.8 18.8 18.8 3.7 3.7 3.7 3.7 74.0 73.9 73.9 74.0 0.0 0.0 0.0 
0.0 0.5 0.5 0.5 8.9 8.5 8.5 8.5 21.6 21.5 21.5 21.5 11.1 11.1 11.1 11.1 58.3 58.4 58.4 58.5 0.0 0.0 0.0 
0.0 0.3 0.3 0.3 3.9 3.7 3.7 3.7 18.1 17.9 17.9 17.8 9.0 9.0 9.0 9.0 69.0 69.0 69.0 69.2 0.0 0.0 0.0 
0.0 12.1 8.5 8.1 0.3 0.3 0.3 0.3 68.2 59.4 61.9 61.9 3.1 3.8 3.6 3.6 28.3 24.3 25.5 26.0 0.1 0.1 0.1 
0.0 19.6 14.8 14.1 4.5 3.5 3.8 3.8 64.1 50.8 53.9 53.9 2.5 3.0 2.9 2.9 28.6 22.8 24.4 25.1 0.3 0.3 0.3 
0.0 0.1 0.1 0.1 8.1 7.9 7.9 7.9 17.6 17.8 17.8 17.8 2.9 2.9 2.9 2.9 71.0 70.9 70.9 70.9 0.4 0.4 0.4 
0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 9.8 9.8 9.8 9.8 2.0 2.0 2.0 2.0 81.9 82.1 82.1 82.2 0.3 0.3 0.3 
0.0 12.2 16.0 24.2 6.4 t.J·.:s 5.2 4.7 8.5 7.5 7.1 6.4 2.6 2.3 2.2 2.0 81.6 71.8 68.7 62.0 0.8 0.8 0.8 
0.0 0.0 0.0 7.1 4.5 4.4 4.4 4.1 11.5 11.5 11.5 10.6 2.7 2.7 2.7 2.6 79.9 80.0 80.0 74.3 1.4 1.4 1.4 

0.0 0.0 0.0 0.0 1.1 1.1 1.1 1.1 14.1 14.1 14.1 14.0 1.0 1.0 1.0 1.0 82.6 82.6 82.6 82.7 1.2 1.2 1.2 
0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 22.8 22.8 22.8 22.7 2.7 2.7 2.7 2.7 73.4 73.3 73.3 73.5 1.0 1.0 1.0 
0.0 0.2 0.2 0.2 13.2 9.5 9.5 8.5 14.5 10.8 10.8 9.7 5.4 4.2 4.2 3.9 66.8 75.1 75.1 77.3 0.1 0.3 0.3 
0.0 0.4 0.4 0.4 16.6 16.0 16.0 16.0 23.7 23.8 23.8 23.8 39.0 39.1 39.1 39.1 20.7 20.7 20.7 20.7 0.0 0.0 0.0 
0.0 0.2 0.2 0.2 5.8 5.6 5.6 5.6 55.0 55.0 55.0 55.0 12.3 12.3 12.3 12.3 26.9 26.9 26.9 26.9 0.0 0.0 0.0 
0.0 0.2 0.2 0.2 0.4 0.3 0.3 0.3 61.5 61.0 61.0 60.8 8.7 8.8 8.8 8.8 29.4 29.6 29.6 29.8 0.0 0.0 0.0 
0.0 0.4 0.4 0.4 0.2 0.2 0.2 0.2 62.8 62.6 62.6 62.6 9.0 9.1 9.1 9.1 27.9 27.7 27.7 27.7 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.9 0.9 0.9 0.9 75.7 75.6 75.6 75.6 2.4 2.4 2.4 2.4 21.1 21.1 21.1 21.1 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 4.3 4.2 4.2 4.2 78.5 78.6 78.6 78.6 0.9 0.9 0.9 0.9 16.2 16.2 16.2 16.2 0.0 0.0 0.0 
0.0 22.6 22.6 26.1 8.6 6.2 6.2 5.8 47.9 35.6 35.6 33.6 1.6 1.5 1.5 1.5 41.7 33.9 33.9 32.8 0.2 0.2 0.2 
0.0 0.0 0.0 14.0 8.1 7.9 7.9 6.6 20.8 20.9 20.9 17.6 2.8 2.8 2.8 2.4 67.7 67.8 67.8 58.7 0.6 0.6 0.6 
0.0 0.0 0.0 0.0 2.6 1.9 1.9 1.7 19.6 15.0 15.0 13.4 1.8 1.5 1.5 1.4 75.9 81.4 81.4 83.1 0.1 0.2 0.2 

0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.3 59.1 58.7 58.7 54.7 1.9 1.9 1.9 2.0 38.7 39.1 39.1 43.0 0.0 0.0 0.0 
0.0 0.1 0.1 0.1 0.2 0.2 0.2 0.2 31.4 31.2 31.2 31.2 1.0 1.0 1.0 1.0 67.4 67.4 67.4 67.5 0.1 0.1 0.1 
0.0 0.2 0.2 0.2 2.2 2.1 2.1 2.1 31.7 31.6 31.6 31.6 5.0 5.0 5.0 5.0 61.1 61.1 61.1 61.1 0.0 0.0 0.0 
0.0 0.2 0.2 0.2 12.0 11.5 11.5 11.5 40.7 40.8 40.8 40.8 21.8 21.9 21.9 21.9 25.5 25.6 25.6 25.6 0.0 0.0 0.0 
0.0 0.3 0.3 0.3 1.9 1.8 1.8 1.8 53.7 53.4 53.4 53.3 8.7 8.8 8.8 8.8 35.7 35.8 35.8 35.9 0.0 0.0 0.0 
0.0 0.3 0.3 0.3 0.9 0.8 0.8 0.8 26.6 26.4 26.4 26.3 17.1 17.1 17.1 17.0 55.4 55.4 55.4 55.6 0.0 0.0 0.0 
0.0 3.1 8.4 8.0 0.6 0.6 0.6 0.6 76.7 74.0 69.8 69.8 1.5 1.8 2.1 2.1 21.1 20.5 19.0 19.3 0.0 0.0 0.0 
0.0 1.0 9.5 9.0 3.8 3.7 3.4 3.4 74.7 73.2 66.8 66.8 1.7 1.8 2.3 2.3 19.7 20.0 17.8 18.3 0.3 0.3 0.3 
0.0 0.1 0.1 0.1 7.6 7.4 7.4 7.4 21.6 21.8 21.8 21.8 2.9 3.0 3.0 3.0 67.6 67.4 67.4 67.5 0.3 0.3 0.3 
0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 10.1 10.1 10.1 10.0 2.0 2.0 2.0 2.0 81.9 82.0 82.0 82.1 0.2 0.2 0.2 
0.0 23.8 17.8 30.6 7.3 5.3 5.7 4.8 15.8 11.8 12.8 10.6 2.7 2.1 2.3 1.9 73.7 56.4 60.8 51.5 0.6 0.6 0.6 
0.0 0.0 0.0 0.0 4.6 4.5 4.5 4.5 13.9 13.9 13.9 13.8 2.7 2.7 2.7 2.7 77.4 77.5 77.5 77.6 1.4 1.4 1.4 

Alt . 
3 

0.1 
0.2 
0.4 
0.0 
0.0 
0.0 
0.1 
0.3 
0.4 
0.3 
0.8 
1.4 

1.2 
1.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.4 

0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.3 
0.2 
0.6 
1.4 
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, .. : ' 

.. ow ~<lieci••••••) •••••Y•••••C••• /•·••·•·•••···• <•••·• 
A~d~~lfur~lrsf~i~~ , .,.. ·.·.· .,, ..... ·'' sJF\Inflol/ , < , .·. ·.· .. ·.· .·.·. . .. ,.> 

1·',,· ·'' 
•··,, Ei!i!ffiild& Stri91!irnli .SI!Ici'amento Inflow . Ei&nleia Boundary 

w~tiir ·Na4. 
~j ····· 

i}H' / i. No4 • ·.· A~t. ,.Alb. A1t No~ Att: .• ?AltO Alt. No-" Alt. Alt. Ait. No-' A It Alt. Alt. No"' Alt . All Alt. 
'(&lilt f't~j. mQJ. 2/. 3 ... ·, Pri;)J', ... 1 2 3 Proj; 1. ,.,., •. 2 ·. 3 Proj. 1 2 3 Pt()J. 1 2 3 

1971 
OCT 0.0 0.0 0.0 0.0 0.7 0.7 0.7 0.7 16.4 16.4 16.4 16.3 1.0 1.0 1.0 1.0 80.7 80.7 80.7 80.8 1.3 1.3 1.3 1.3 
NOV 0.0 0.1 0.1 0.1 3.1 2.2 2.2 2.0 21.0 15.6 15.6 13.8 7.0 5.6 5.6 5.0 68.9 76.3 76.3 78.7 0.1 0.2 0.2 0.4 
DEC 0.0 0.3 0.3 0.3 21.2 20.4 20.4 19.0 21.9 21.8 21.8 20.3 24.8 24.8 24.8 23.6 32.1 32.8 32.8 36.7 0.0 0.0 0.0 0.0 
JAN 0.0 0.2 0.2 0.2 3.3 3.2 3.2 3.1 16.3 16.2 16.2 16.1 9.9 9.9 9.9 9.9 70.5 70.6 70.6 70.6 0.0 0.0 0.0 0.0 
FEB 0.0 25.7 20.5 20.4 0.0 0.0 0.0 0.0 22.5 16.2 17.4 17.4 7.1 5.6 5.9 5.9 70.4 52.5 56.2 56.3 0.0 0.0 0.0 0.0 
MAR 0.0 0.2 0.2 0.2 2.2 1.6 1.7 1.7 18.1 14.0 14.9 14.8 8.7 7.1 7.5 7.4 71.1 77.0 75.7 75.8 0.0 0.0 0.0 0.0 
APR 0.0 1.8 1.4 1.1 0.4 0.4 0.4 0.4 52.2 51.1 51.3 51.3 6.1 6.1 6.1 6.1 41.3 40.6 40.8 41.1 0.0 0.0 0.0 0.0 
MAY 0.0 0.2 0.2 0.2 1.9 1.8 1.9 1.8 37.9 36.9 37.0 36.4 5.3 5.3 5.3 5.3 54.9 55.8 55.7 56.3 0.0 0.0 0.0 0.0 
JUN 0.0 0.1 0.1 0.1 5.0 4.9 4.9 4.9 17.5 17.6 17.6 17.6 3.6 3.6 3.6 3.6 73.9 73.9 73.9 73.9 0.0 0.0 0.0 0.0 
JUL 0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 10.1 10.1 10.1 10.0 2.0 2.0 2.0 2.0 81.9 82.1 82.1 82.1 0.1 0.1 0.1 0.1 
AUG 0.0 25.2 25.2 29.7 7.0 5.0 5.0 4.7 15.4 11.3 11.3 10.5 2.6 2.0 2.0 1.9 74.4 55.8 55.8 52.6 0.6 0.6 0.6 0.6 
SEP 0.0 0.0 0.0 8.4 3.2 3.2 3.2 2.9 9.4 9.4 9.4 8.6 2.0 2.0 2.0 1.9 84.7 84.7 84.7 77.7 0.7 0.7 0.7 0.7 
1972 
OCT 0.0 0.0 0.0 0.0 1.0 0.8 0.8 0.8 .15.0 12.4 12.4 12.4 1.8 1.5 1.5 1.5 81.8 84.4 84.4 84.4 0.3 0.8 0.8 0.8 
NOV 0.0 1.5 1.5 1.2 0.2 0.2 0.2 0.2 15.0 14.8 14.8 14.8 2.0 1.9 1.9 1.9 82.3 81.0 81.0 81.3 0.5 0.6 0.6 0.6 
DEC 0.0 1.7 0.7 0.6 2.1 1.7 1.8 1.5 15.2 13.0 13.1 11.0 7.7 6.8 6.9 5.9 75.0 76.6 77.3 80.7 0.1 0.1 0.1 0.3 
JAN 0.0 0.2 0.2 0.2 1.2 1.1 1.1 1.1 16.1 15.7 15.9 15.8 2.7 2.7 2.7 2.7 79.9 80.2 79.9 79.9 0.1 0.2 0.1 0.2 
FEB 0.0 0.4 13.3 13.3 0.5 0.5 0.4 0.4 20.4 20.3 17.4 17.4 6.4 6.3 5.7 5.7 72.7 72.5 63.2 63.2 0.0 0.0 0.0 0.0 
MAR 0.0 0.3 0.3 0.3 0.4 0.4 0.4 0.4 17.7 17.5 16.2 16.2 3.3 3.2 3.1 3.1 78.6 78.5 80.1 80.1 0.0 0.0 0.0 0.0 
APR 0.0 11.4 8.0 7.6 2.0 1.8 1.9 1.9 64.4 56.7 58.9 58.9 4.4 5.0 4.9 4.9 29.1 25.0 26.3 26.7 0.1 0.1 0.1 0.1 
MAY 0.0 8.2 5.6 4.9 5.7 5.1 5.3 5.3 45.7 41.6 42.8 42.8 5.4 5.4 5.4 5.4 42.9 39.4 40.6 41.3 0.3 0.3 0.3 0.3 
JUN 0.0 0.1 0.1 0.1 7.9 7.7 7.7 7.7 17.8 18.0 18.0 18.0 3.1 3.1 3.1 3.1 70.8 70.7 70.7 70.7 0.4 0.4 0.4 0.4 
JUL 0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 9.8 9.8 9.8 9.8 2.1 2.1 2.1 2.1 81.9 82.0 82.0 82.1 0.3 0.3 0.3 0.3 
AUG 0.0 0.0 0.0 0.0 4.8 4.6 4.6 4.6 6.1 6.1 6.1 6.1 2.0 2.0 2.0 2.0 86.7 86.8 86.8 86.8 0.4 0.4 0.4 0.4 
SEP 0.0 20.2 18.5 29.1 3.0 2.3 2.4 2.0 18.6 14.6 14.9 12.8 2.2 1.8 1.8 1.6 74.9 59.8 61.1 53.1 1.4 1.4 1.4 1.4 
1973 
OCT 0.0 0.0 0.0 3.9 0.2 0.2 0.2 0.2 13.0 13.0 13.0 12.5 0.8 0.8 0.8 0.8 84.9 84.9 84.9 81.6 1.1 1.1 1.1 1.1 
NOV 0.0 0.1 0.1 0.1 5.8 4.2 4.2 3.7 20.1 14.9 14.9 13.4 3.6 2.9 2.9 2.7 70.4 77.8 77.8 79.8 0.1 0.2 0.2 0.3 
DEC 0.0 2.2 0.9 0.8 7.2 6.7 6.8 6.2 14.5 14.2 14.4 13.1 3.2 3.2 3.2 3.0 75.0 73.7 74.7 76.8 0.0 0.0 0.0 0.0 
JAN 0.0 0.5 0.5 0.5 21.1 19.8 20.1 20.1 15.3 14.9 15.1 15.1 29.5 28.9 29.2 29.2 34.1 35.9 35.1 35.2 0.0 0.0 0.0 0.0 
FEB 0.0 0.4 0.4 0.4 ·8.5 8.1 8.1 8.1 30.5 30.4 30.4 30.3 34.5 34.4 34.4 34.4 26.5 26.6 26.6 26.8 0.0 0.0 0.0 0.0 
MAR 0.0 0.3 0.3 0.3 8.5 8.2 8.2 8.2 50.3 50.3 50.3 50.3 14.8 14.8 14.8 14.8 26.4 26.4 26.4 26.4 0.0 0.0 0.0 0.0 
APR 0.0 0.6 0.6 0.6 0.3 0.3 0.3 0.3 63.1 62.9 62.9 62.9 4.9 5.0 5.0 5.0 31.7 . 31.3 31.3 31.3 0.0 0.0 0.0 0.0 
MAY 0.0 0.2 0.2 0.2 3.0 3.0 3.0 3.0 54.3 54.3 54.3 54.3 4.4 4.4 4.4 4.4 38.3 38.2 38.2 38.2 0.0 0.0 0.0 0.0 
JUN 0.0 4.5 21.5 21.1 6.7 6.2 5.0 5.0 27.5 26.2 21.1 21.1 2.6 2.5 2.2 2.2 63.1 60.5 50.2 50.6 0.1 0.1 0.1 0.1 
JUL 0.0 0.6 0.6 0.1 6.0 5.8 5.8 5.8 10.0 10.0 10.0 10.0 2.0 2.0 2.0 2.0 81.9 81.6 81.6 82.0 0.1 0.1 0.1 0.1 
AUG 0.0 20.9 0.0 18.2 7.4 5.6 7.2 5.8 15.7 12.2 15.7 12.6 2.9 2.3 2.9 2.4 73.4 58.2 73.5 60.3 0.7 0.7 0.7 0.7 
SEP 0.0 0.0 0.0 0.0 4.1 4.0 4.0 3.9 13.2 13.3 13.3 13.2 2.7 2.7 2.7 2.7 78.7 78.8 78.8 78.9 1.3 1.3 1.3 ~ 
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Table Bl-12. Continued 

[fj ~'" !t~ttl , 'fr ~> ~at~r·~; ~ '"' 
No:" 
Pi'oi~ 

'·lf'lftQW •.•• = ··II Beniclii. B6urid•r. 

~· r A:~r~t. 11 ~~r1 ~t. 1 ~t 
1974 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1975 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1976 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

0.0 0.0 
0.0 0.1 
0.0 0.2 
0.0 0.3 
0.0 0.3 
0.0 0.3 
0.0 0.5 
0.0 0.1 
0.0 0.1 
0.0 19.9 
0.0 2.4 
0.0 0.0 

0.0 0.0 
0.0 0.1 
0.0 0.2 
0.0 0.2 
0.0 0.5 
0.0 0.3 
0.0 0.5 
0.0 0.1 
0.0 0.1 
0.0 9.6 
0.0 16.7 
0.0 0.0 

0.0 0.0 
0.1 0.1 
0.2 0.2 
0.3 0.3 
0.3 0.3 
0.3 0.3 
0.5 0.5 
0.1 0.1 

15.9 15.9 
8.6 19.5 
0.0 2.5 
0.0 0.0 

0.0 0.0 
0.1 0.1 
0.2 0.2 
0.2 0.2 
0.5 0.5 
0.3 0.3 
0.5 0.5 
0.1 0.1 
5.4 5.4 
9.6 9.1 

10.6 26.7 
0.0 0.0 

0.0 0.0 0.0 0.0 
0.0 0.1 0.1 0.1 
0.0 8.9 5.8 5.3 
0.0 22.8 22.8 22.8 
0.0 0.4 4.3 17.5 
0~ OB OB 1&4 
0.0 1.3 1.3 1.3 
0.0 0.3 0.3 0.3 
0.0 0.1 0.1 0.1 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 0.0 
3.0 2.2 

11.3 10.8 
19.6 9.2 
0.4 0.4 
2.6 2.5 
1.5 1.4 
1.5 1.5 
4.9 4.8 
7.0 5.4 
6.8 6.5 
2.9 2.3 

0.6. 0.5 
0.1 0.1 
0.0 0.0 
0.1 0.1 

12.7 12.1 
6.2 5.9 
0.0 0.0 
1.8 1.8 
4.9 4.8 
6.5 5.7 
6.5 5.2 
2.9 2.7 

0.0 
0.3 
0.2 
0.3 
0.1 
0.9 
1.8 
5.8 
8.1 
7.8 
9.2 
4.7 

0.0 
0.3 
0.2 
0.2 
0.1 
0.9 
1.8 
5.7 
7.9 
7.6 
8.9 
4.6 

0.0 0.0 12.2 
2.2 1.9 19.3 

10.8 10.1 19.2 
9.2 9.2 25.2 
0.4 0.4 25.4 
2.5 2.4 26.6 
1.4 1.4 55.4 
1.5 1.5 53.2 
3.9 3.9 26.8 
6.2 5.4 13.1 
6.7 6.4 15.7 
2.3 2.3 9.1 

0.5 0.5 15.3 
0.1 0.1 21.3 
0.0 0.0 17.9 
0.1 0.1 12.2 

12.1 12.1 37.1 
5.9 5.9 26.6 
0.0 0.0 59.9 
1.8 1.7 50.0 
4.5 4.5 22.8 
5.7 5.7 11.5 
5.6 4.5 17.9 
2.7 2.7 12.7 

12.2 12.2 12.1 
14.3 14.3 12.7 
19.1 19.1 17.9 
25.0 25.0 25.0 
25.3 25.3 25.2 
26.5 26.5 26.3 
54.9 54.9 54.5 
53.2 53.2 53.2 
27.0 22.3 22.3 
10.3 11.9 10.3 
15.3 15.7 15.2 
7.5 7.5 7.4 

14.1 14.1 11.6 
21.2 21.2 21.2 
17.8 17.8 17.8 
12.1 12.1 12.1 
36.9 36.9 36.9 
26.4 26.4 26.3 
59.7 59.7 59.7 
49.2 49.2 48.4 
23.0 21.6 21.6 
10.3 10.3 10.3 
14.7 15.9 12.7 
12.0 12.0 12.0 

0.0 
0.3 
0.2 
0.2 
0.1 
0.9 
1.8 
5.7 
7.9 
7.6 
8.9 
4.6 

0.0 15.7 12.2 12.2 10.6 
0.2 21.7 21.6 21.6 20.5 
0.2 18.2 16.4 17.0 17.1 
0.2 10.4 7.9 7.9 7.9 
0.1 10.5 10.4 10.0 8.6 
0.8 24.1 24.0 24.0 20.5 
1.8 51.3 50.4 50.4 50.0 
5.6 39.2 38.7 38.7 38.3 
7.9 17.3 17.4 17.4 17.4 
7.5 7.6 7.7 7.7 7.6 
8.8 13.1 13.1 13.1 13.0 
4.6 15.1 15.0 15.0 14.9 

8.6 
11.6 
22.5 
30.4 

5.1 
25.3 

8.3 
3.9 
2.9 
2.9 
2.5 
1.8 

2.3 
3.0 
4.6 
2.4 

12.0 
32.3 

5.6 
6.4 
6.3 
2.4 
2.5 
1.8 

8.6 8.6 
9.2 9.2 

22.4 22.4 
30.3 30.3 

5.1 5.1 
25.1 25.1 

8.3 8.3 
3.9 3.9 
2.9 2.6 
2.4 2.7 
2.5 2.5 
1.5 1.5 

2.1 2.1 
3.0 3.0 
4.6 4.6 
2.4 2.4 

12.0 12.0 
32.2 32.2 

5.6 5.6 
6.4 6.4 
6.3 6.1 
2.2 2.2 
2.1 2.2 
1.7 1.7 

8.6 
8.3 

21.3 
30.3 

5.1 
25.1 

8.4 
3.9 
2.6 
2.4 
2.5 
1.5 

1.8 
3.0 
4.6 
2.4 

12.0 
32.1 

5.6 
6.4 
6.1 
2.2 
1.9 
1.7 

78.1 
66.0 
47.0 
34.8 
69.0 
45.5 
34.8 
41.3 
65.4 
76.8 
74.3 
85.8 

81.7 
75.4 
77.4 
84.8 
38.2 
34.9 
34.6 
41.8 
65.9 
79.4 
72.6 
82.1 

78.1 
74.2 
47.4 
35.1 
68.9 
45.7 
34.9 
41.2 
65.3 
61.7 
72.7 
88.0 

83.1 
75.4 
77.3 
84.6 
38.5 
35.2 
34.2 
42.5 
65.8 
72.0 
60.7 
82.9 

78.1 
74.2 
47.4 
35.1 
68.9 
45.7 
34.9 
41.2 
55.3 
70.4 
74.5 
88.0 

83.1 
75.4 
77.3 
84.6 
38.5 
35.2 
34.2 
42.5 
62.3 
72.0 
65.2 
82.9 

78.2 
77.0 
50.5 
35.2 
69.0 
45.8 
35.3 
41.2 
55.3 
62.2 
72.8 
88.1 

85.8 
75.4 
77.3 
84.7 
38.6 
35.4 
34.2 
43.3 
62.3 
72.5 
53.6 
83.0 

1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.2 

0.0 
0.2 
0.2 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.5 

4.1 3.3 3.3 3.0 80.2 84.3 84.3 86.0 0.1 
1.7 1.6 1.6 1.6 76.3 76.3 76.3 77.4 0.1 
1.4 1.3 1.4 1.4 79.8 72.7 75.2 75.6 0.4 
1.2 0.9 0.9 0.9 87.5 67.6 67.5 67.5 0.7 
2.4 2.4 2.3 2.0 86.8 86.5 83.1 71.7 0.2 
3.5 3.5 3.5 3.1 71.3 71.0 71.0 62.0 0.1 
4.9 5.0 5.0 5.0 41.6 41.3 41.3 41.6 0.3 
4.6 4.6 4.6 4.5 49.9 50.3 50.3 50.7 0.5 
2.9 3.0 3.0 3.0 71 .3 71.2 71.2 71 .2 0.5 
2.7 2.7 2.7 2.7 81.2 81.4 81.4 81.5 0.7 
3.6 3.6 3.6 3.6 72.5 72.7 72.7 72.9 1.7 
3.9 3.9 3.9 3.9 73.9 74.0 74.0 74.2 2.4 

1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.6 

0.1 
0.2 
0.2 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.6 

1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.6 

0.1 
0.2 
0.2 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.6 

0.2 0.2 
0.1 0.1 
0.4 0.4 
0.7 0.7 
0.2 0.2 
0.1 0.1 
0.3 0.3 
0.5 0.5 
0.5 0.5 
0.7 0.7 
1.7 1.7 
2.4 2.4 

Alt. 
3 

1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.6 

0.3 
0.2 
0.2 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
0.6 

0.4 
0.1 
0.5 
0.7 
0.2 
0.1 
0.3 
0.5 
0.5 
0.7 
1.7 
2.4 



1977 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1978 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1979 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
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0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.1 
0.1 
0.6 
0.6 
0.7 
1.3 
0.4 
0.2 
0.0 
0.0 
0.0 

0.0 
0.2 
0.3 
0.4 
0.4 
0.4 
0.5 
0.2 
2.2 

29.7 
0.0 
0.0 

0.0 
0.1 

30.4 
0.4 
0.5 
0.3 
0.6 
0.2 
4.4 

15.2 
4.5 
0.0 

0.0 
0.1 
0.1 
0.6 
0.6 
0.7 
1.3 
0.4 
0.2 
0.0 
0.0 
0.0 

0.0 
0.2 
0.3 
0.4 
0.4 
0.4 
0.5 
0.9 

25.0 
0.0 
0.0 
0.0 

0.0 
0.1 

30.4 
0.4 
0.5 
0.3 
0.6 
0.2 

19.6 
3.3 
0.0 
0.0 

0.0 
0.1 
0.1 
0.6 
0.6 
0.7 
1.3 
0.4 
0.2 
0.0 
0.0 
0.0 

0.0 
0.2 
0.3 
0.4 
0.4 
0.4 
0.5 
0.9 

28.8 
15.7 

0.0 
0.0 

0.0 
0.1 

30.3 
0.3 
0.5 
0.3 
0.6 
0.2 

19.2 
14.7 

3.4 
0.0 

1.1 
0.5 
p.1 
0.0 
0.0 
0.0 
3.8 
4.4 

16.3 
15.4 
16.9 

6.2 

3.3 
0.0 
7.2 

24.3 
9.4 

11.4 
3.2 
1.2 
6.3 

13.2 
9.0 
3.4 

1.5 
0.0 
0.0 

14.2 
12.0 

3.1 
0.0 
2.8 
6.4 
6.1 
8.3 
4.9 

1.1 
0.5 
0.1 
0.0 
0.0 
0.0 
3.8 
4.3 

15.9 
15.0 
16.5 

6.0 

3.2 
0.0 
7.0 

17.6 
9.0 

10.9 
3.0 
1.2 
6.0 
8.7 
8.8 
3.4 

1.2 
0.0 
0.0 

10.3 
11.5 

3.0 
0.0 
2.8 
5.9 
5.0 
7.6 
4.7 

1.1 
0.5 
0.1 
0.0 
0.0 
0.0 
3.8 
4.3 

15.9 
15.0 
16.5 

6.0 

3.2 
0.0 
7.0 

17.6 
9.0 

10.9 
3.0 
1.2 
4.4 

12.8 
8.8 
3.4 

1.2 
0.0 
0.0 

10.3 
11.5 

3.0 
0.0 
2.8 
4.9 
5.7 
8.0 
4.7 

1.1 
0.5 
0.1 
0.0 
0.0 
0.0 
3.7 
4.3 

15.7 
14.8 
16.3 

6.0 

3.2 
0.0 
6.9 

15.5 
8.5 

10.9 
3.0 
1.2 
4.1 

10.5 
8.7 
3.3 

1.2 
0.0 
0.0 
9.1 

10.9 
3.0 
0.0 
2.8 
4.9 
5.0 
7.7 
4.7 

23.6 
20.6 

8.7 
18.6 
18.9 
32.0 
51.0 
56.3 
38.8 
14.7 
20.0 
18.1 

27.2 
34.8 
11.6 
21.6 
33.4 
27.8 
55.4 
60.1 
44.1 
22.8 
21.9 
14.2 

24.7 
20.5 
22.8 
22.1 
39.5 
34.5 
65.3 
57.9 
26.9 
12.3 
17.3 
16.2 

23.6 
20.6 

8.7 
18.3 
18.8 
31.3 
49.9 
55.1 
38.9 
14.8 
20.1 
18.1 

27.2 
34.7 
11.6 
16.3 
33.2 
27.6 
55.0 
60.0 
43.0 
15.6 
22.0 
14.2 

19.8 
20.1 
15.3 
16.6 
39.3 
34.3 
65.1 
57.8 
25.6 
10.4 
16.5 
16.2 

23.6 
20.6 

8.7 
18.3 
18.8 
31.3 
49.9 
55.1 
38.9 
14.8 
20.1 
18.1 

27.2 
34.7 
11.6 
16.3 
33.2 
27.6 
55.0 
59.5 
31.6 
22.9 
22.0 
14.2 

19.8 
20.1 
15.3 
16.6 
39.3 
34.3 
65.1 
57.8 
21.2 
11.9 
17.4 
16.2 

•.. s ·····. ··•a~J~ 

23.4 
20.5 

8.7 
18.3 
18.7 
31.3 
49.6 
54.5 
38.3 
14.6 
19.8 
18.0 

27.0 
34.3 
11.6 
14.4 
31.5 
27.5 
54.6 
59.5 
29.6 
18.8 
21.8 
14.1 

19.8 
20.1 
15.2 
14.7 
37.3 
34.1 
65.1 
57.8 
21.2 
10.4 
16.6 
16.1 

2.0 
0.8 
0.8 
1.6 
0.9 
2.6 
4.9 
2.6 
4.4 
4.6 
5.5 
3.6 

1.9 
2.6 
3.6 

20.4 
11.0 
16.3 

9.9 
3.5 
3.3 
3.7 
3.0 
1.9 

1.0 
1.1 
1.5 
8.9 

15.2 
14.2 

3.6 
4.6 
2.7 
2.4 
3.0 
2.8 

2.0 
0.8 
0.8 
1.5 
0.9 
2.6 
4.9 
2.7 
4.4 
4.6 
5.6 
3.6 

1.9 
2.6 
3.6 

16.6 
11.0 
16.2 

9.9 
3.6 
3.3 
2.8 
3.0 
1.9 

0.8 
1.1 
1.1 
7.3 

15.2 
14.1 

3.6 
4.6 
2.6 
2.1 
2.9 
2.8 

2.0 
0.8 
0.8 
1.5 
0.9 
2.6 
4.9 
2.7 
4.4 
4.6 
5.6 
3.6 

1.9 
2.6 
3.6 

16.6 
11.0 
16.2 

9.9 
3.6 
3.0 
3.7 
3.0 
1.9 

0.8 
1.1 
1.1 
7.3 

15.2 
14.1 

3.6 
4.6 
2.3 
2.3 
3.0 
2.8 

2.0 
0.8 
0.8 
1.5 
0.9 
2.6 
4.9 
2.7 
4.4 
4.5 
5.5 

70.5 
76.3 
89.5 
78.6 
79.6 
64.9 
39.8 
35.5 
38.9 
63.6 
55.4 

3.611 69.4 

1.9 
2.6 
3.6 

15.0 
10.7 
16.2 
10.0 
3.6 
2.9 
3.2 
3.0 
1.9 

0.8 
1.1 
1.1 
6.6 

15.0 
14.1 

3.6 
4.6 
2.3 
2.1 
2.9 
2.8 

64.6 
59.8 
76.3 
33.7 
46.2 
44.5 
31.5 
35.2 
46.1 
60.1 
65.3 
79.6 

72.5 
n.9 
74.8 
54.8 
33.3 
48.2 
31.0 
34.7 
63.9 
78.8 
70.5 
74.4 

70.6 
76.2 
89.4 
78.3 
79.2 
64.9 
39.7 
36.3 
39.1 
63.8 
55.6 
69.5 

64.7 
59.7 
76.3 
49.1 
46.4 
44.8 
31.6 
35.2 
45.4 
43.0 
65.5 
79.7 

77.4 
78.0 
52.2 
65.4 
33.5 
48.3 
30.6 
34.6 
61.3 
67.0 
67.5 
74.5 

70.6 
76.2 
89.4 
78.3 
79.2 
64.9 
39.7 
36.3 
39.1 
63.8 
55.6 
69.5 

64.7 
59.7 
76.3 
49.1 
46.4 
44.8 
31.6 
34.9 
35.9 
60.3 
65.5 
79.7 

n.4 
78.0 
52.2 
65.4 
33.5 
48.3 
30.6 
34.6 
52.0 
76.4 
70.6 
74.5 

70.8 
76.3 
89.4 
78.3 
79.3 
64.9 
40.0 
37.0 
40.0 
64.2 
56.2 
69.8 

65.0 
60.1 
76.3 
54.7 
48.9 
45.0 
32.0 
34.9 
34.4 
51.6 
65.7 
79.7 

n.4 
78.0 
52.3 
69.3 
36.4 
48.5 
30.6 
34.6 
52.4 
67.5 
68.4 
74.6 

2.8 2.8 2.8 
1.9 1.9 1.9 
0.9 0.9 0.9 
1.3 1.3 1.3 
0.5 0.5 0.5 
0.5 0.5 0.5 
0.5 0.5 0.5 
1.1 1.1 1.1 
1.6 1.6 1.6 
1.8 1.8 1.8 
2.2 2.2 2.2 
2.7 2.7 2.7 

3.0 3.0 3.0 
2.8 2.8 2.8 
1.3 1.3 1.3 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.1 0.1 0.1 
0.2 0.2 0.2 
0.7 0.7 0.7 
0.9 0.9 0.9 

0.3 0.8 0.8 
0.5 0.7 0.7 
0.9 1.0 1.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.1 0.1 0.1 
0.4 0.4 0.4 
1.0 1.0 1.0 
1.8 1.8 1.8 

2.8 
1.9 
0.9 
1.3 
0.5 
0.5 
0.5 
1.1 
1.6 
1.8 
2.2 
2.7 

3.0 
2.8 
1.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.7 
0.9 

0.8 
0.7 
1.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.4 
1.0 
1.8 
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Table Bl-12. Continued 

t:>W~rc;,ie¢t >••··• .· . ··. · .. ·.· ... · .·.·. ·.· .. ··. 

· .. > . S-J•~·InflO/i · ..•.•. 
w~t$T 

. Atlri¢Jitu(~l Dt~iii$ •·· .. ~stsie:f~ Str&ail;$ .· • Si!lcri!unento Inflow Eiei11ci8 Squt\dtiry ... . ........ 

Noi ·· Alt. I Alt< .·· Alt. Ni:i4 Alt .. ··•· ·.Ait; 
AI( .. · Np~ Alt. Alt. A It No"" Alt. Alt. Alt. No- Alt. Alt. Alt. ·.· Ni:i....; Alt. Alt. Alt. 

vi3hl· ProJ; 1 . £· .. ·· l'• ~r()i~. j ••.•• ·.•·2 3 • ..•.• ... ProJ. 1 2 .... s •.. PfoJ. 1 2 3 Proj. 1 2 3 Ptoj. 1 2 3 

1980 
OCT 0.0 0.0 0.0 0.0 0.2 0.2 0.2 0.2 25.0 25.0 25.0 24.8 0.9 0.9 0.9 0.9 72.0 72.0 72.0 72.2 1.9 1.9 1.9 1.9 
NOV 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 27.1 21.5 21.5 21.5 1.8 1.6 1.6 1.6 70.6 75.8 75.8 75.8 0.5 1.0 1.0 1.0 
DEC 0.0 0.3 0.2 0.2 4.9 4.3 4.3 3.5 18.3 16.7 16.7 13.7 3.3 3.1 3.1 2.6 73.4 75.4 75.5 79.5 0.1 0.2 0.2 0.4 
JAN 0.0 0.3 0.3 0.3 1

1
1.2 10.8 10.8 10.8 43.6 43.7 43.7 43.7 19.3 19.3 19.3 19.3 25.8 25.9 25.9 25.9 0.0 0.0 0.0 0.0 

FEB 0.0 0.2 0.2 0.2 3.7 3.5 3.5 3.5 61.3 61.3 61.3 61.3 8.7 8.7 8.7 8.7 26.3 26.3 26.3 26.3 0.0 0.0 0.0 0.0 
MAR 0.0 0.1 0.1 0.1 0.6 0.6 0.6 0.6 76.2 76.1 76.1 76.1 2.2 2.3 2.3 2.3 21.0 21.0 21.0 21.0 0.0 0.0 0.0 0.0 
APR 0.0 0.6 7.2 7.2 0.0 0.0 0.0 0.0 73.2 73.0 68.0 68.0 2.4 2.5 3.0 3.0 24.4 23.9 21.8 21.8 0.0 0.0 0.0 0.0 
MAY 0.0 0.2 16.9 16.9 2.5 2.5 2.1 2.1 72.9 72.8 60.4 60.4 1.9 1.9 2.8 2.8 22.6 22.5 17.8 17.8 0.0 0.0 0.0 0.0 
JUN 0.0 4.8 13.2 28.5 7.2 6.6 5.9 4.7 44.2 41.7 37.4 29.7 3.3 3.3 3.2 2.9 45.0 43.4 40.0 33.9 0.2 0.2 0.2 0.2 
JUL 0.0 27.3 0.0 0.0 11.7 7.9 11.4 11.2 28.2 19.8 28.3 28.0 3.6 2.8 3.6 3.5 56.3 41.8 56.5 56.9 0.3 0.3 0.3 0.3 
AUG 0.0 0.0 0.0 0.0 8.6 8.3 8.3 8.3 21.5 21.5 21.5 21.4 2.9 2.9 2.9 2.9 66.3 66.5 66.5 66.7 0.7 0.7 0.7 0.7 
SEP 0.0 0.0 0.0 0.0 3.1 . 3.1 3.1 3.1 24.6 24.6 24.6 24.6 1.6 1.6 1.6 1.6 69.8 69.8 69.8 69.9 0.9 0.9 0.9 0.9 
1981 
OCT 0.0 0.0 0.0 0.0 1.5 1.2 1.2 1.2 29.6 24.0 24.0 24.0 2.5 2.2 2.2 2.2 66.1 71.9 71.9 71.9 0.3 0.8 0.8 0.8 
NOV 0.0 1.3 1.3 1.0 0.7 0.7 0.7 0.7 28.3 27.9 27.9 27.9 2.4 2.4 2.4 2.4 68.1 67.1 67.1 67.4 0.6 0.8 0.8 0.7 
DEC 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 23.8 21.5 21.5 21.2 1.6 1.5 1.5 1.4 74.2 76.2 76.2 76.4 0.5 0.7 0.7 0.8 
JAN 0.0 0.4 0.4 0.4 10.6 10.2 10.2 8.4 21.7 21.5 21.5 17.7 4.2 4.2 4.2 3.7 63.5 63.6 63.6 69.8 0.0 0.0 0.0 0.0 
FEB 0.0 0.3 5.4 5.4 1.4 1.3 1.2 1.2 25.5 25.5 24.0 24.0 2.2 2.2 2.1 2.1 70.9 70.8 67.3 67.3 0.0 0.0 0.0 0.0 
MAR 0.0 0.4 0.4 0.4 8.1 7.7 7.3 7.2 21.3 21.1 20.0 19.9 10.0 9.9 9.6 9.5 60.7 61.0 62.8 63:0 0.0 0.0 0.0 0.0 
APR 0.0 12.1 8.5 8.1 0.0 0.0 0.0 0.0 64.3 56.1 58.5 58.5 2.4 2.8 2.7 2.7 33.3 28.9 30.3 30.7 0.0 0.0 0.0 0.0 
MAY 0.0 20.1 15.1 14.4 3.8 3.0 3.2 3.2 66.2 52.0 55.3 55.3 2.1 2.7 2.6 2.6 27.6 21.9 23.5 24.2 0.2 0.2 0.2 0.2 
JUN 0.0 0.1 0.1 0.1 7.6 7.4 7.4 7.4 19.3 19.4 19.4 19.4 3.1 3.1 3.1 3.1 69.5 69.4 69.4 69.4 0.5 0.5 0.5 0.5 
JUL 0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 9.8 9.8 9.8 9.8 2.0 2.0 2.0 2.0 81.8 81.9 81.9 82.0 0.5 0.5 0.5 0.5 
AUG 0.0 11.8 15.7 24.1 6.4 5.5 5.2 4.7 9.4 8.3 7.9 7.1 2.6 2.3 2.2 2.0 80.6 71.2 68.0 61.3 1.0 1.0 1.0 1.0 
SEP 0.0 0.0 0.0 7.5 4.9 4.8 4.8 4.4 13.0 13.0 13.0 11.9 2.9 2.9 2.9 2.7 77.4 77.5 77.5 71.7 1.8 1.8 1.8 1.8 
1982 
OCT 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 15.7 15.6 15.6 15.5 0.8 0.8 0.8 0.8 81.9 82.0 82.0 82.1 1.5 1.5 1.5 1.5 
NOV 0.0 0.1 0.1 0.1 0.2 0.1 0.1 0.1 12.8 9.5 9.5 8.4 7.5 5.8 5.8 5.2 79.5 84.5 84.5 86.2 0.0 0.0 ·o.o 0.0 
DEC 0.0 3.0 1.2 1.1 8.0 7.4 7.6 7.1 13.0 12.5 12.8 11.9 19.8 19.3 19.6 18.5 59.2 57.8 58.9 61.4 0.0 0.0 0.0 0.0 
JAN 0.0 0.4 0.4 0.4 17.9 17.3 17.3 17.3 19.6 19.6 19.6 19.6 43.7 43.8 43.8 43.8 18.8 18.8 18.8 18.8 0.0 0.0 0.0 0.0 
FEB 0.0 0.3 0.3 0.3 4.8 4.6 4.6 4.6 35.6 35.5 35.5 35.5 32.9 32.9 32.9 32.9 26.7 26.6 26.6 26.6 0.0 0.0 0.0 0.0 
MAR 0.0 0.2 0.2 0.2 8.2 7.9 7.9 7.9 49.9 49.9 49.9 49.9 15.3 15.3 15.3 15.3 26.6 26.6 26.6 26.6 0.0 0.0 0.0 0.0 
APR 0.0 0.1 0.1 0.1 2.8 2.7 2.7 2.7 56.1 56.1 56.1 56.1 12.8 12.9 12.9 12.9 28.2 28.2 28.2 28.2 0.0 0.0 0.0 0.0 
MAY 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 70.9 70.9 70.9 70.9 4.4 4.4 4.4 4.4 24.3 24.2 24.2 24.2 0.0 0.0 0.0 0.0 
JUN 0.0 0.0 0.0 0.0 4.1 4.0 4.0 4.0 48.3 48.3 48.3 48.3 7.4 7.4 7.4 7.4 40.2 40.2 40.2 40.2 0.0 0.0 0.0 0.0 
JUL 0.0 15.5 15.5 15.0 7.0 5.6 5.6 5.6 33.1 27.5 27.5 27.5 6.7 6.1 6.1 6.1 53.0 45.1 45.1 45.5 0.2 0.2 0.2 0.2 
AUG 0.0 7.0 7.0 19.6 6.1 5.5 5.5 4.7 19.9 18.4 18.4 15.6 5.8 5.5 5.5 4.8 67.6 63.0 63.0 54.6 0.6 0.6 0.6 0.6 
SEP 0.0 0.0 0.0 0.0 0.5 0.4 0.4 0.3 39.5 29.5 29.5 26.2 2.8 2.5 2.5 2.3 57.1 67.5 67.5 70.9 0.0 0.1 0.1 0.2 



Table Bl-12. Continued 

< .•.•. OW Prc:iiett ··•••········ > <· Agtic\ilturfilbf~@~ . ··. SJRinflaw. } . ·· < ·••····•·••····••····••• EaStiiiCI& Streams Sacrl!ll'l'\eilto Inflow Benicia Bound 1fY 
W~ter ·~~~···. A!t A~t. I. A~~· / No~ Ali. ···.Alt. ··•Ait> No":-

. "~~· Alt. I Alt Nl)~ I Alt. Alt Alt. No .c. Alt. Alt. Alt. No .. Ait. Alt. Alt. 
1/ .·•···· ertik Y&af ····pr~j; . .,.. ...... .• 2 ..•..• 3 J < ·.2 .. .J3 ·.··. f'i'oj. 1 2 3 Proj; 1 2 3 Pro). 1 2 3 

~ 
1983 ! 

OCT 0.0 0.0 0.0 0.0 0.2 0.2 0.2 0.2 81.2 81.2 81.2 81.2 0.9 0.9 0.9 0.9 17.7 17.7 17.7 17.7 0.0 0.0 0.0 0.0 
NOV 0.0 0.1 0.1 0.1 4.5 4.3 4.3 4.3 56.2 56.3 56.3 56.3 12.0 12.0 12.0 12.0 27.3 27.3 27.3 27.3 0.0 0.0 0.0 0.0! 
DEC 0.0 0.1 0.1 0.1 y·9 5.6 5.6 5.6 54.3 54.4 54.4 54.4 12.8 12.8 12.8 12.8 27.0 27.1 27.1 27.1 0.0 0.0 0.0 0.0 
JAN 0.0 0.1 0.1 0.1 5.6 5.4 5.4 5.4 56.7 56.8 56.8 56.8 11.1 11.1 11.1 11.1 26.6 26.6 26.6 26.6 0.0 0.0 0.0 0.0 
FEB 0.0 0.1 0.1 0.1 2.5 2.4 2.4 2.4 62.3 62.3 62.3 62.3 8.5 8.5 8.5 8.5 26.7 26.7 26.7 26.7 0.0 0.0 0.0 0.0 
MAR 0.0 0.1 0.1 0.1 3.8 3.7 3.7 3.7 58.5 58.5 58.5 58.5 10.6 10.6 10.6 10.6 27.1 27.1 27.1 27.1 0.0 0.0 0.0 0.0 
APR 0.0 0.1 0.1 0.1 0.3 0.2 0.2 0.2 72.6 72.5 72.5 72.5 3.7 3.7 3.7 3.7 23.4 23.4 23.4 23.4 0.0 0.0 0.0 0.0 
MAY 0.0 0.0 0.0 0.0 0.2 0.2 0.2 0.2 75.9 75.9 75.9 75.9 2.4 2.4 2.4 2.4 21.5 21.5 21.5 21.5 0.0 0.0 0.0 0.0 
JUN 0.0 0.0 0.0 0.0 1.2 1.2 1.2 1.2 77.9 n.9 n.9 n.9 1.6 1.6 1.6 1.6 19.3 19.3 19.3 19.3 0.0 0.0 0.0 0.0 
JUL 0.0 0.0 0.0 0.0 4.1 4.0 4.0 4.0 73.4 73.5 73.5 73.5 2.4 2.4 2.4 2.4 20.0 20.0 20.0 20.0 0.0 0.0 0.0 0.0 
AUG 0.0 0.0 0.0 0.0 4.8 4.6 4.6 4.6 38.3 38.2 38.2 37.9 5.5 5.5 5.5 5.5 51.3 51.5 51.5 51.9 0.2 0.2 0.2 0.2 
SEP 

I 1984 
0.0 0.0 0.0 0.0 1.9 1.8 1.8 1.8 75.6 75.2 75.2 74.7 1.7 1.7 1.7 1.8 20.8 21.2 21.2 21.7 0.0 0.0 0.0 0.0 

OCT 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 82.2 82.2 82.2 82.2 0.7 0.7 0.7 0.7 16.6 16.6 16.6 16.6 0.0 0.0 0.0 0.0 
NOV 0.0 0.1 0.1 0.1 5.0 4.9 4.9 4.9 52.8 52.8 52.8 52.8 14.5 14.5 14.5 14.5 27.7 27.7 27.7 27.7 0.0 0.0 0.0 0.0 
DEC 0.0 0.1 0.1 0.1 5.7 5.5 5.5 5.5 52.3 52.4 52.4 52.4 14.5 14.5 14.5 14.5 27.4 27.5 27.5 27.5 0.0 0.0 0.0 0.0 
JAN 0.0 0.1 0.1 0.1 0.6 0.6 0.6 0.6 73.9 73.9 73.9 73.9 3.1 3.1 3.1 3.1 22.4 22.4 22.4 22.4 0.0 0.0 0.0 0.0 
FEB 0.0 0.2 0.2 0.2 1.6 1.5 1.5 1.5 68.0 67.9 67.9 67.9 5.5 5.5 5.5 5.5 24.9 24.9 24.9 24.9 0.0 0.0 0.0 0.0 
MAR 0.0 0.3 0.3 0.2 0.0 0.0 0.0 0.0 53.0 52.6 52.6 52.4 9.3 9.3 9.3 9.3 37.7 37.8 37.8 38.0 0.0 0.0 0.0 0.0 
APR 0.0 0.7 2.5 2.5 1.0 1.0 1.0 1.0 67.3 67.1 65.8 65.8 4.9 4.9 5.1 5.1 26.8 26.4 25.6 25.6 0.0 0.0 0.0 0.0 
MAY 0.0 0.2 7.0 7.0 3.4 3.4 3.2 3.2 65.3 65.2 60.7 60.7 3.7 3.7 4.0 4.0 27.5 27.4 25.0 25.0 0.1 0.1 0.1 0.1 
JUN 0.0 0.1 0.1 0.1 7.5 7.3 7.3 7.3 25.2 25.4 25.4 25.4 5.5 5.6 5.6 5.6 61.6 61.5 61.5 61.5 0.2 0.2 0.2 0.2 
JUL 0.0 4.3 4.3 3.9 6.3 5.8 5.8 5.8 10.9 10.4 10.4 10.4 4.0 3.9 3.9 3.9 78.7 75.4 75.4 75.9 0.2 0.2 0.2 0.2 
AUG 0.0 21.0 16.5 29.8 7.6 5.7 6.1 5.0 19.4 15.1 16.0 13.2 6.2 5.1 5.3 4.6 66.2 52.5 55.5 46.8 0.6 0.6 0.6 0.6 
SEP 
~ 

0.0 0.0 0.0 0.0 2.6 2.6 2.6 2.5 16.9 17.0 17.0 16.9 5.0 5.0 5.0 5.0 74.7 74.7 74.7 74.8 0.8 0.8 0.8 0.8 

OCT 0.0 0.0 0.0 0.0 0.2 0.2 0.2 0.2 21.5 17.0 17.0 17.0 4.2 3.5 3.5 3.5 73.9 78.7 78.7 78.7 0.3 0.6 0.6 0.6 
NOV 0.0 0.1 0.1 0.1 2.6 2.3 2.3 1.9 28.5 26.4 26.4 21.5 5.6 5.4 5.4 4.7 63.3 65.8 65.8 71.8 0.0 0.0 0.0 0.0 
DEC 0.0 0.2 0.2 0.2 7.3 7.0 7.0 7.0 34.9 34.7 34.7 34.7 5.7 5.7 5.7 5.7 52.1 52.4 52.4 52.4 0.0 0.0 0.0 0.0 
JAN 0.0 0.2 1.6 1.6 2.7 2.5 2.5 2.5 25.2 25.0 24.7 24.7 2.3 2.3 2.2 2.2 69.5 69.5 68.6 68.6 0.4 0.4 0.4 0.4 
FEB 0.0 0.4 27.3 27.3 2.9 2.8 2.0 2.0 29.0 28.9 20.4 20.4 8.2 8.2 6.6 6.6 59.8 59.6 43.8 43.8 0.0 0.0 0.0 0.0 
MAR 0.0 0.4 4.9 26.5 6.3 6.0 5.7 4.3 28.2 28.0 26.6 20.0 9.4 9.4 9.1 7.5 56.1 56.1 53.6 41.7 0.0 0.0 0.0 0.0 
APR 0.0 15.2 1.0 1.0 0.5 0.4 0.5 0.5 73.3 62.0 72.5 72.5 3.3 4.7 3.4 3.4 22.7 17.5 22.3 22.3 0.2 0.2 0.2 0.2 
MAY 0.0 7.4 0.3 0.3 4.6 4.2 4.6 4.5 43.3 39.7 42.8 42.5 4.6 4.5 4.5 4.5 47.4 44.1 47.7 48.1 0.1 0.1 0.1 0.1 
JUN 0.0 0.1 0.1 0.1 8.2 8.0 8.0 8.0 18.7 18.9 18.9 18.9 3.2 3.2 3.2 3.2 69.5 69.3 69.3 69.4 0.5 0.5 0.5 0.5 
JUL 0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 9.7 9.8 9.8 9.7 2.0 2.0 2.0 2.0 81.9 82.0 82.0 82.1 0.4 0.4 0.4 0.4 
AUG 0.0 6.4 0.0 0.0 5.1 4.7 5.0 5.0 7.6 7.1 7.6 7.6 2.1 2.0 2.1 2.1 84.5 79.2 84.6 84.7 0.7 0.7 0.7 0.7 
SEP 0.0 11.3 0.0 0.0 4.3 3.7 4.2 4.1 14.5 12.8 14.5 14.4 2.4 2.2 2.4 2.4 77.3 68.6 77.4 77.5 1.5 1.5 1.5 ~ 
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Table Bl-12. Continued 

DWProiect·.···••••• <•••···· ·,.· Adtit:Ulturai OfEii~s ) ·• ·. 
.. . . . ... 

eastSide streiiirrur SJFIIriflt:JN', : .. ::.::.:: ... :· Sacramento .Inflow Benicia Boundary 

Welter No"' Alt 
. A~t, I A~t. N();;C Alt. ·AIL ·'•Alt. .No;:;, Ait. Ail: Alt Nc)C::. Ali~· Alt. Alt. No"" Alt. Ait. Alt. No"' Alt. Alt. A~t. I v&at f'tC)J, 1 Proj. 1 2 ':f Proj. .1 / 2. . ... 3 . F'to,, i 2 3 Proj, 1 2 3 Pr'Oj. 1 2 

1986 
OCT 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 19.7 19.7 19.7 19.6 1.1 1.1 1.1 1.1 77.2 77.2 77.2 77.3 1.5 1.5 1.5 1.5 
NOV 0.0 0.2 0.2 0.2 0.5 0.5 0.5 0.5 27.5 27.5 27.5 27.3 3.0 3.0 3.0 3.0 67.7 67.5 67.5 67.7 1.3 1.3 1.3 1.3 
DEC 0.0 0.2 0.2 0.2 ~.0 7.4 7.4 7.4 17.7 17.1 17.1 17.0 4.0 3.9 3.9 3.9 69.6 70.6 70.6 70.7 0.7 0.8 0.8 0.8 
JAN 0.0 0.3 0.3 0.3 8.4 6.6 6.6 6.6 11.7 9.6 9.6 9.6 8.1 6.8 6.8 6.8 71.7 76.4 76.4 76.4 0.1 0.3 0.3 0.3 
FEB 0.0 0.3 0.3 0.3 9.6 9.3 9.3 9.3 30.4 30.4 30.4 30.4 36.0 36.0 36.0 36.0 24.1 24.1 24.1 24.1 0.0 0.0 0.0 0.0 
MAR 0.0 0.1 0.1 0.1 3.7 3.6 3.6 3.6 57.7 57.7 57.7 57.7 11.2 11.2 11.2 11.2 27.4 27.4 27.4 27.4 0.0 0.0 0.0 o.o I 

APR 0.0 0.2 0.2 0.2 0.0 0.0 0.0 0.0 75.8 75.6 75.6 75.6 2.5 2.5 2.5 2.5 21.7 21.7 21.7 21.7 0.0 0.0 0.0 0.0 
MAY 0.0 0.2 28.0 23.6 1.7 1.7 1.2 1.3 70.8 70.7 50.7 53.8 4.1 4.1 6.0 5.9 23.4 23.3 14.1 15.4 0.0 0.0 0.0 0.0! 
JUN 0.0 0.1 0.1 23.4 6.5 6.4 6.4 4.7 45.1 45.4 45.4 33.3 5.7 5.7 5.7 5.3 42.4 42.2 42.2 33.1 0.3 0.2 0.2 0.2 
JUL 0.0 23.6 0.0 0.0 8.6 6.3 8.4 8.3 17.8 13.3 17.8 17.7 4.0 3.2 4.0 3.9 69.4 53.4 69.6 69.8 0.3 0.3 0.3 

I 
0.3; 

AUG 0.0 0.0 0.0 0.0 8.4 8.2 8.2 8.1 22.4 22.5 22.5 22.3 5.3 5.3 5.3 5.3 63.3 63.4 63.4 63.6 0.6 0.6 0.6 0.6 
SEP 0.0 0.0 0.0 0.0 2.4 2.3 2.3 2.3 25.4 25.4 25.4 25.3 4.0 4.0 4.0 4.0 66.8 66.9 66.9 67.1 1.3 1.3 1.3 1.3 
1987 
OCT 0.0 0.0 0.0 0.0 1.5 1.5 1.5 1.5 43.5 43.5 43.5 43.5 3.2 3.2 3.2 3.2 50.3 50.4 50.4 50.4 1.5 1.5 1.5 '1.51 
NOV 0.0 0.1 0.1 0.1 1.0 1.0 1.0 1.0 27.6 27.6 27.6 27.5 4.2 4.2 4.2 4.1 66.0 66.0 66.0 66.1 1.2 1.2 1.2 1.1 
DEC 0.0 0.2 0.2 0.2 0.0 0.0 0.0 0.0 39.3 39.2 39.2 39.0 3.2 3.2 3.2 3.2 56.1 56.0 56.0 56.2 1.3 1.3 1.3 1.3 
JAN 0.0 0.4 0.4 0.4 0.5 0.5 0.5 0.5 16.2 16.1 16.1 16.1 3.1 3.1 3.1 3.1 79.1 78.8 78.8 78.8 1.0 1.0 1.0 1.0 
FEB 0.0 0.7 0.7 0.7 15.0 14.4 14.4 14.4 15.2 15.1 15.1 15.1 5.6 5.6 5.6 5.6 64.1 64.1 64.1 64.1 0.1 0.1 0.1 0.1 
MAR 0.0 0.4 0.4 0.4 8.9 7.8 7.8 7.8 15.9 14.5 14.5 14.5 6.9 6.4 6.4 6.4 68.3 71.0 71.0 71.0 0.0 0.0 0.0 0.0 
APR 0.0 18.0 12.8 12.3 1.0 0.8 0.8 0.8 53.8 43.6 46.4 46.4 3.2 3.3 3.3 3.3 42.0 34.3 36.6 37.1 0.1 0.1 0.1 0.1 
MAY 0.0 2.2 5.4 4.6 5.8 5.6 5.4 5.4 37.2 36.1 34.9 34.9 3.9 3.9 3.8 3.8 52.8 52.0 50.3 51.0 0.3 0.3 0.3 0.3 
JUN 0.0 0.1 0.1 0.1 8.4 8.2 8.2 8.2 18.4 18.6 18.6 18.6 2.8 2.9 2.9 2.9 69.8 69.7 69.7 69.7 0.5 0.5 ,0.5 0.5 
JUL 0.0 0.0 0.0 0.0 5.9 5.8 5.8 5.7 8.3 8.4 8.4 8.3 1.9 1.9 1.9 1.9 83.4 83.5 83.5 83.6 0.4 0.4 0.4 0.4 
AUG 0.0 0.0 0.0 0.0 5.8 5.6 5.6 5.6 7.6 7.6 7.6 7.6 2.2 2.2 2.2 2.2 83.6 83.7 83.7 83.8 0.8 0.8 0.8 0.8 
SEP 0.0 0.0 0.0 0.0 4.9 4.8 4.8 4.8 13.7 13.7 13.7 13.7 2.9 2.9 2.9 2.9 76.8 76.9 76.9 77.0 1.7 1.7 1.7 1.7' 
1988 
OCT 0.0 0.0 0.0 0.0 1.1 1.1 1.1 1.1 18.7 18.6 18.6 18.5 1.8 1.8 1.8 1.8 76.6 76.6 76.6 76.7 1.8 1.8 1.8 1.8 
NOV 0.0 0.2 0.2 0.2 0.0 0.0 0.0 0.0 22.3 22.2 22.2 22.1 4.0 4.0 4.0 4.0 72.1 72.0 72.0 72.1 1.6 1.6 1.6 1.6 
DEC 0.0 0.2 0.2 0.2 3.8 3.6 3.6 3.6 11.0 10.9 10.9 10.9 5.7 5.7 5.7 5.7 78.7 78.7 78.7 78.7 0.8 0.9 0.9 0.9 
JAN 0.0 0.4 0.4 0.5 10.1 7.2 7.2 6.3 8.5 6.3 6.3 5.6 3.9 3.0 3.0 2.6 77.5 83.0 83.0 84.9 0.0 0.1 0.1 0.1 
FEB 0.0 0.6 36.7 39.4 0.0 0.0 0.0 0.0 12.5 12.4 7.7 7.3 2.4 2.4 1.6 1.5 85.0 84.6 54.0 51.7 0.0 0.1 0.1 0.1 

MAR 0.0 0.6 1.1 22.7 0.7 0.7 0.7 0.5 24.6 24.4 24.2 18.4 1.9 1.9 1.9 1.6 72.5 72.2 71.9 56.6 0.2 0.2 0.2 0.2 
APR 0.0 15.3 1.4 1.3 2.6 2.2 2.6 2.5 52.3 43.9 51.2 50.9 5.1 5.2 5.1 5.1 39.7 33.0 39.4 39.7 0.3 0.3 0.3 0.3 

MAY 0.0 9.5 0.4 0.4 4.5 4.0 4.5 4.4 43.9 39.2 43.2 42.7 4.5 4.4 4.5 4.5 46.6 42.4 47.1 47.5 0.5 0.5 0.5 0.5 

JUN 0.0 0.1 0.1 0.1 7.1 6.9 6.9 6.9 19.3 19.5 19.5 19.5 2.9 2.9 2.9 2.9 70.2 70.1 70.1 70.1 0.5 0.5 0.5 0.5 
JUL 0.0 16.4 0.0 0.0 8.0 6.5 7.8 7.7 9.5 7.9 9.6 9.5 2.5 2.2 2.5 2.5 79.2 66.3 79.3 79.5 0.8 0.8 0.8 0.8 

AUG 0.0 0.0 0.0 0.0 8.6 8.3 8.3 8.3 11.1 11.2 11.2 11.1 3.2 3.2 3.2 3.2 75.4 75.6 75.6 75.8 1.7 1.7 1.7 1.7 
SEP 0.0 0.0 0.0 0.0 7.2 7.0 7.0 7.0 18.6 18.7 18.7 18.6 4.0 4.0 4.0 4.0 67.8 67.9 67.9 68.1 2.4 2.4 2.4 2.4 
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1989 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1990 

0.0 0.0 0.0 
0.0 0.2 0.2 
0.0 0.3 0.3 
0.0 0.3 0.3 
0.0 0.6 0.6 
0.0 0.2 0.2 
0.0 0.8 0.8 
0.0 13.2 9.0 
o.o o·.1 0.1 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 25.4 27.5 

0.0 
0.2 
0.3 
0.3 
0.6 
0.2 
0.8 
8.4 
0.1 
0.0 
0.0 

24.1 

2.9 
0.0 
0.5 
2.8 
3.0 
3.9 
0.5 
5.2 
8.3 
5.9 
4.7 
0.8 

2.8 
0.0 
0.5 
2.6 
2.8 
2.8 
0.5 
4.4 
8.1 
5.8 
4.5 
0.6 

2.8 
0.0 
0.5 
2.6 
2.8 
2.8 
0.5 
4.6 
8.1 
5.8 
4.5 
0.6 

2.8 29.9 29.9 
0.0 19.9 19.9 
0.5 13.8 13.7 
2.6 10.0 9.9 
2.8 11.9 11.8 
2.8 11.8 8.8 
0.5 34.8 34.6 
4.6 40.3 34.6 
8.1 19.3 19.5 
5.7 6.1 6.1 
4.5 6.4 6.4 
0.6 11.6 8.5 

29.9 29.6 
19.9 19.7 
13.7 13.7 
9.9 9.9 

11.8 11.8 
8.8 8.8 

34.6 34.6 
36.3 36.3 
19.5 19.5 

6.1 6.1 
6.4 6.3 
8.2 8.6 

2.0 
4.2 
5.7 
1.7 
3.6 

11.5 
7.4 
4.8 
3.1 
2.1 
2.0 
3.1 

2.0 
4.2 
5.6 
1.7 
3.6 
8.9 
7.4 
4.6 
3.2 
2.1 
2.0 
2.4 

2.0 
4.2 
5.6 
1.7 
3.6 
8.9 
7.4 
4.7 
3.2 
2.1 
2.0 
2.3 

2.0 
4.2 
5.6 
1.7 
3.6 
8.9 
7.4 
4.7 
3.2 
2.1 
2.0 
2.4 

62.5 
73.8 
78.7 
84.4 
81.1 
72.8 
57.3 
49.7 
68.8 
85.4 
86.4 
83.1 

62.5 
73.6 
78.4 
84.4 
80.7 
79.3 
56.7 
43.2 
68.7 
85.6 
86.5 
61.8 

62.5 
73.6 
78.4 
84.4 
80.7 
79.3 
56.7 
45.3 
68.7 
85.6 
86.5 
60.0 

62.8 
73.8 
78.5 
84.4 
80.7 
79.3 
56.7 
46.0 
68.7 
85.7 
86.6 
63.0 

2.8 
2.1 
1.4 
1.1 
0.5 
0.0 
0.0 
0.1 
0.5 
0.4 
0.6 
1.4 

2.8 
2.1 
1.4 
1.1 
0.5 
0.0 
0.0 
0.1 
0.5 
0.4 
0.6 
1.4 

2.8 
2.1 
1.4 
1.1 
0.5 
0.0 
0.0 
0.1 
0.5 
0.4 
0.6 
1.4 

2.8 
2.1 
1.4 
1.1 
0.5 
0.0 
0.0 
0.1 
0.5 
0.4 
0.6 
1.4 

OCT 0.0 0.0 0.0 0.0 0.6 0.6 0.6 0.6 22.5 22.4 22.4 22.2 1.5 1.5 1.5 1.5 73.7 73.8 73.8 74.0 1.7 1.7 1.7 . 1.7 
NOV 0.0 0.2 0.2 0.2 0.0 0.0 0.0 0.0 24.4 24.3 24.3 24.1 3.6 3.6 3.6 3.6 70.4 70.2 70.2 70.5 1.6 1.6 1.6 1.6 
DEC 0.0 0.2 0.2 0.2 0.3 0.3 0.3 0.3 11.3 11.3 11.3 11.2 0.7 0.7 0.7 0.7 86.7 86.5 86.5 86.6 1.0 1.0 1.0 1.0 
JAN 0.0 0.3 0.3 0.3 1.2 1.1 1.1 1.1 8.1 7.5 7.5 7.5 2.4 2.2 2.2 2.2 87.8 88.4 88.4 88.4 0.5 0.6 0.6 0.6 
FEB 0.0 0.7 14.2 13.9 6.5 6.1 5.2 5.2 14.7 14.6 12.5 . 12.5 5.6 5.6 4.9 4.9 73.2 72.9 63.1 63.4 0.1 0.1 0.1 0.1 
MAR 0.0 0.7 0.7 0.7 0.0 0.0 0.0 0.0 25.3 25.0 25.0 25.0 5.8 5.7 5.7 5.7 68.6 68.3 68.3 68.3 0.3 0.3 0.3 0.3 
APR 0.0 14.2 1.1 1.1 2.3 1.9 2.2 2.2 43.0 36.6 42.2 41.9 6.7 6.5 6.7 6.7 47.9 40.7 47.7 47.9 0.1 0.1 0.1 0.1 
MAY 0.0 3.3 0.4 0.4 2.5 2.4 2.5 2.5 53.0 50.5 52.0 51.4 3.9 4.0 4.0 4.0 40.0 39.3 40.6 41.2 0.5 0.5 0.5 0.5 
JUN 0.0 0.1 0.1 0.1 6.4 6.3 6.3 6.3 17.3 17.4 17.4 17.4 3.5 3.5 3.5 3.5 72.4 72.3 72.3 72.3 0.5 0.5 0.5 0.5 
JUL 0.0 0.0 0.0 0.0 8.0 7.8 7.8 7.7 7.9 7.9 7.9 7.8 2.6 2.6 2.6 2.6 80.8 81.0 81.0 81.1 0.8 0.8 0.8 0.7 
AUG 0.0 0.0 0.0 0.0 8.5 8.3 8.3 8.2 10.6 10.7 10.7 10.6 3.2 3.2 3.2 3.1 76.1 76.3 76.3 76.4 1.7 1.7 1.7 1.7 
SEP 0.0 0.0 0.0 0.0 6.7 6.5 6.5 6.5 18.4 18.5 18.5 18.3 3.7 3.7 3.7 3.7 68.8 68.8 68.8 69.1 2.4 2.4 2.4 2.4 
1991 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

0.0 0.0 0.0 
0.0 0.2 0.2 
0.0 0.3 0.3 
0.0 0.4 0.4 
0.0 0.7 0.7 
0.0 0.5 0.5 
0.0 1.1 1.1 
0.0 0.4 0.4 
0.0 0.1 0.1 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 
0.2 
0.3 
0.4 
0.7 
0.5 
1.1 
0.4 
0.1 
0.0 
0.0 
0.0 

2.4 
1.4 
0.0 
0.0 
0.0 
8.4 
0.6 
4.8 
5.5 

10.0 
9.2 
6.0 

2.3 
1.4 
0.0 
0.0 
0.0 
7.9 
0.6 
4.7 
5.3 
9.7 
8.9 
5.9 

2.3 
1.4 
0.0 
0.0 
0.0 
7.9 
0.6 
4.7 
5.3 
9.7 
8.9 
5.9 

2.3 31.0 31.0 
1.4 27.0 26.9 
0.0 19.1 19.0 
0.0 12.8 12.7 
0.0 14.0 13.9 
7.9 9.3 9.2 
0.6 53.9 52.9 
4.7 46.4 45.6 
5.3 19.9 19.9 
9.6 9.6 9.7 
8.9 11.7 11.7 
5.8 16.0 16.0 

31.0 30.7 
26.9 26.7 
19.0 18.9 
12.7 12.7 
13.9 13.8 

9.2 9.2 
52.9 52.6 
45.6 45.1 
19.9 19.8 

9.7 9.6 
11.7 11.6 
16.0 15.9 

1.6 
1.9 
2.2 
0.9 
3.3 

11.4 
5.6 
6.7 
3.9 
3.0 
3.3 
3.2 

1.6 
1.9 
2.2 
0.9 
3.2 

11.3 
5.7 
6.7 
3.9 
3.0 
3.3 
3.2 

1.6 
1.9 
2.2 
0.9 
3.2 

11.3 
5.7 
6.7 
3.9 
3.0 
3.3 
3.2 

1.6 
1.9 
2.2 
0.9 
3.2 

11.3 
5.7 
6.7 
3.9 
3.0 
3.3 
3.2 

62.2 
67.4 
76.8 
84.7 
82.2 
70.9 
39.8 
41.5 
70.2 
76.2 
73.9 
72.2 

62.3 
67.2 
76.6 
84.5 
81.7 
71.0 
39.7 
42.0 
70.3 
76.4 
74.1 
72.3 

62.3 
67.2 
7~.6 
84.5 
81.7 
71.0 
39.7 
42.0 
70.3 
76.4 
74.1 
72.3 

62.6 
67.5 
76.7 
84.5 
81.7 
71.0 
40.0 
42.5 
70.4 
76.6 
74.3 
72.5 

2.8 
2.3 
1.9 
1.5 
0.6 
0.0 
0.0 
0.7 
0.5 
1.2 
1.9 
2.5 

2.8 
2.3 
1.9 
1.5 
0.6 
0.0 
0.0 
0.7 
0.5 
1.2 
1.9 
2.5 

2.8 
2.3 
1.9 
1.5 
0.6 
0.0 
0.0 
0.7 
0.5 
1.2 
1.9 
2.5 

2.8 
2.3 
1.9 
1.5 
0.6 
0.0 
0.0 
0.7 
0.5 
1.2 
1.9 
2.5 
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Source: Adapted from California Department of Water Resoun::as 1993. 

Figure 81-1. 
RMA Delta Model Link-Node Representation 
of Major Delta Channels 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 
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San Joaquin River at Antioch 
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San Joaquin River at Antioch 

-- modeled values 
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Source: Smith and Durbin 1989. 

Comparison of Observed and Simulated Stage on the 
San Joaquin River at Antioch during July 6-19, 1979 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 



7-

6 

5 

4 

-= 3 -~ 2- l = -00 1 .-

0 

-1 

-2 

-3 

0 1 

Figure 81-3. 
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Saaamento River at Walnut Grove 
-- modeled values 
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Source: Smith and Durbin 1 989. 

Comparison of Observed and Simulated Stage on the 
Sacramento River at Walnut Grove during 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 

July 6-19, 1979 
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Figure 81-4. 

Old River at Rock Slough 
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Old River at Rock Slough 
-- modeled values 
* • • observed values 
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Time (days) 
Source: Smith and Durbin 1989. 

Comparison of Observed and Simulated Stage on 
Old River at Rock Slough during July 6-19, 1979 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 
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Hour of Tidal Cycle 
- Benicia (Link 441) • • • • Chipps Island (Link 437) 

Simulated Tidal Hydraulics in Suisun Bay 
DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 
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Figure 81-15. 
Historical Monthly Average Sacramento River 
and Yolo Bypass Flows for 1967-1991 
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Figure 81-16. 
Relationship between Historical Sacramento River 
and Yolo Bypass Flows for 1967-1991 
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Figure 81-17. 
Historical Monthly Average San Joaquin River Flow 
at Vernalis for 1967-1991 
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Figure 81-18. 
Historical Monthly Average Eastside Stream Flow 
for 1967-1991 
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Figure 81-19. 
Historical Monthly Average Delta CVP and SWP Exports and CCWD Diversions 
for 1967-1991 
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Figure 81-20. 
Estimated Historical Monthly Average Delta 
Channel Depletions for 1967-1991 
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Figure 81-21. 
Estimated Historical Monthly Average Delta Outflow 
for 1967-1991 
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Figure 81-22. 
Cumulative Distribution of Estimated Delta Outflow 
for 1967-1991 
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Figure 81-23. 
Major Delta Flow ·Pathways 
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Figure 81-24. 
Monthly Average Historical Sacramento River Flow and Simulated Diversions 
to Steamboat and Sutter Sloughs, the DCC, and Georgiana Slough for 1967-1991 
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Figure 81-27. 
Simulated Relationship between Monthly Average 
Threemile Slough and Sacramento and San Joaquin River Flows 
for 1967-1991 
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Appendix B2. Salt Transport Modeling Methods and Results 
for the Delta Wetlands Project 

SUMMARY 

This appendix describes the methods and results of modeling the effects of the Delta Wetlands (DW) project on Delta 
salt transport and contributions of inflow sources to salinity in Delta outflow and exports based on the mass-balance 
water quality module of the Resource Management Associates (RMA) Delta model. The RMA Delta model results were 
used to estimate mixed concentrations of water quality constituents at selected Delta locations for each DW alternative 
and the No-Project Alternative. 

The appendix describes net inflow and outflow inputs to the model, estimation of tidal mixing exchange, and 
calculation of inflow concentrations of water quality constituents. RMA model reliability is confirmed through 
comparison of simulations of historical monthly electrical conductivity {EC) values with EC data from several Delta 
locations, and the general accuracy of the model is discussed. The RMA Delta model results were incorporated into the 
Delta Drainage Water Quality (DeltaDWQJ impact assessment model. Results of DeltaDWQ simulations to determine 
effects of DW operations on concentrations of water quality constituents at key Delta locations are presented for each DW 
project alternative and the No-Project Alternative. 

Background 

Appendix B 1, "Hydrodynamic Modeling Methods 
and Results for the Delta Wetlands Project", describes 
hydrodynamic modeling of the DW project performed by 
RMA using its link-node hydrodynamic model of the 
Delta. As described in this appendix, RMA also per­
fonned salt transport modeling under contract to DW and 
provided modeling results to Jones & Stokes Associates 
(JSA) for use in the impact analysis for water quality per­
formed for this environmental impact report/environ­
mental impact statement (EIR/EIS). 

Previous salt transport modeling performed by RMA 
was used by JSA in preparing the 1990 draft EIR/EIS on 
the DW project. That modeling focused on five study 
years (1964, 1972, 1975, 1976, and 1978), representing 
each of the five hydrologic year types classified under the 
criteria of California State Water Resources Control 
Board's (SWRCB's) Water Right Decision 1485 (D-
1485). A detailed description of the RMA model and its 
use for the 1990 draft EIR/EIS is provided in Smith and 
Durbin (1989). The major features· of the RMA salt 
transport model are described in this appendix. 
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For preparation of this revised draft EIR/EIS on the 
DW project, RMA performed new modeling of historical 
Delta conditions based on historical inflows and exports 
for water years 1968-1991. The 1968-1991 period was 
selected because of the availability of historical EC data 
for confirmation of model results and because almost all 
major Central Valley Project (CVP) and State Water 
Project (SWP) facilities were operational during this 
period. . 

As described in Appendix B 1, some of the simulated 
Delta channel flows may have been slightly different from 
the historical flows because of differences in Delta Cross 
Channel (DCC) gate openings and operations of the 
barrier at the head of Old River and uncertainty in esti­
mated channel depletion values (Appendix C4, "Delta­
DWQ: Delta Drainage Water Quality Model"). Also, the 
historical island flooding events were not included in the 
RMA model simulation of historical Delta EC patterns. 
Nevertheless, the comparison of historical EC data with 
the RMA model simulations of historical EC values pro­
vides the basis for determining the adequacy of these 
simulations for impact assessment purposes. The simu­
lated response of EC at selected locations to changes in 
Delta outflow is particularly important for water quality 
impact assessment of the DW project. 
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Purpose ofThil Appendix 

The general goal of the salt transport modeling 
described in this appendix was to simulate salt transport 
in the Delta over a wide range of monthly inflows, 
exports, and outflows to determine likely changes that 
would be caused by additional diversions to and dis­
charges from the OW project islands. Following are the 
major sections of this appendix and the purpose of each: 

• "Formulation of the RMA Delta Water Quality 
Module" describes the salt transport modeling 
methodology used by RMA. 

• "Modifications of the RMA Model for Simu­
lation ofHistorical Delta Conditions" describes 
modifications made to the RMA Delta model 
for simulations of historical Delta conditions, 
including using monthly average input data for 
long-term simulations, performing inflow 
source tracking, adding simulations ofEC and 
chloride ion (Cl") concentration, and using flow 
regressions to determine inflow concentrations. 

• "Confirmation of Historical Monthly Salinity 
Simulations" provides confirmation of model 
simulations by comparing historical EC data 
with water quality module results of EC pre­
dicted using historical Delta flows and exports 
for the 1968-1991 period. The relationships 
between effective Delta outflow and both mea­
sured and simulated EC are described. 

• "Impact Assessment Results for the OW Project 
Alternatives" presents results of the salt trans­
port simulations for the OW project alternatives 
in comparison with results for the No-Project 
Alternative. 

. FORMULATION OF THE 
RMA DELTA WATER 
QUALITY M:ODULE 

The RMA Delta model consists of a link-node 
hydrodynamic module and a mass-balance water quality 
module. The model represents the Delta as a network of 
links (channels) and nodes (volume elements). The link­
node module, a branched one-dimensional formulation, 
simulates average velocity and flow in each specified 
channel cross section (model link) during the specified 
tidal cycle and average stage (elevation above or below 
mean sea level) for each volume element (model node) 
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(Appendix Bl). The mass-balance module of the RMA 
Delta model was formulated and used to simulate Delta 
salt transport and estimate average mixed concentrations 
of water quality constituents in each volume element. 

Water quality module simulations are based on 
results of the hydrodynamic module simulations. The 
Delta channel tidal flows simulated with the hydro­
dynamic module are used to estimate daily tidal mixing 
(mixing of water caused by fluctuating tidal flows) and 
net daily flows between volume elements (model nodes). 
Mixed concentrations of water quality constituents are 
simulated in the water quality module based on these 
hydrodynamic module results. 

Mass Balance with Net Flows 
and Tidal Mixing 

The RMA water quality module estimates the mass 
balance for each water quality constituent to calculate a 
daily mixed concentration for each of the volume ele­
ments (model nodes), based on the net flows between 
nodes calculated in the hydrodynamic module and on tidal 
mixing between volume elements. Tidal mixing is esti­
mated based on tidal flows in the channels (links) con­
necting volume elements (nodes). As described in 
Appendix B 1 , monthly average inflows and exports are 
used to simulate flows in Delta channels. 

The hydrodynamic module tracks water moving into 
and out of a volume element (node). The water quality 
module computes mass balances of water quality consti­
tuents in each node by combining flow rates with appro­
priate concentrations for the water quality constituents. 
Figure B2-l illustrates the mass-balance terms for a 
typical model node. Water quality concentrations are 
simulated using a daily time step within tlie month, but 
end-of-month values are reported as the most appropriate 
results from simulations of monthly average flows . 

Inflows and Outflows 

Because the RMA water quality module uses net 
daily flows, the volume of each element can be con­
sidered as a constant representing mean water elevation 
conditions. 

For a constant water volume, the sum of all inflows 
must equal the sum of all outflows. Inflows include net 
flows from other volume elements, river inflows at up­
stream boundaries, agricultural drainage, and rainfall onto 
the water surface. Outflows include net flows to other 
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volume elements or across the downstream boundary, 
agricultural divcnioos (or Delta export), and evaporation 
fran the watel" swface. Tidal mixing exchanges are also 
included in the water budget but they represent equal 
flows moving in both directions (i.e., no net change in 
flow). (Tidal mixing exchange flows are explained in the 
next section.) 

For the change in concentration of a water quality 
constituent within a volwne element (node) to be calcu­
lated, inflowing concentrations must be combined with 
water flow rates. The outflowing concentration is as­
sumed to be the average mixed concentration of the 
volume element for the previous time step. Average 
mixed concentrations of surrounding volume elements for 
the previous time step are used for net inflows from other 
volmne elements and tidal exchange flows between adja­
cent volume elements. Rainfall is assumed to have a 
coocentrationofzero. The agricultural drainage concen­
tration must be estimated separately, as described below 
under "Agricultural Drainage Salt". 

Tidal Mixing E:s.change 

Tidal mixing exchange flow is the portion of tidal 
flow that causes mixing of concentrations between adja­
cent model segments. Tidal mixing exchange flows must 
be estimated fran tidal flow characteristics and geometry 
for each connecting channel (model link). Tidal mixing 
exchange flow is a two-way flow between model ele­
ments that is related to the dispersion coefficient as 
follows: 

TME (cfs) =area (ft2
) 

x D (ft2/sec)/(2 x length [ft]) 

where: 

TME = tidal mixing exchange flow, in units of cubic 
feet per second (cfs); 

area= cross section of the connecting channel (link), 
in units of square fec;_t (ft~; 

D = dispersion coefficient as normally used in one­
dimensional mixing studies, in square feet per 
second (fil/sec); and 

length = length of the connecting channel. 

In the RMA water quality module, the dispersion 
coefficient is assumed to be proportional to the average 
tidal velocity for each link. The module has an additional 
term for circulation induced by the longitudinal salinity 
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gradient The tenn for circulation induced by the salinity 
gradient is small compared with the tidal velocity term in 
most parts of the Delta. 

Measured values of the dispersion coefficient gener­
ally range between 200 ft2/sec and 2,000 ft2/sec (Fischer 
et al. 1979). Following is the equation used to estimate 
the dispersion coefficient in the RMA water quality 
module: 

where: 

D (ft2/sec) = (C x tidal flow parameter) 
+ (K x salt gradient) 

C and K are empirical coefficients used in the RMA 
dispersion formulation that are estimated during 
calibration (Smith and Durbin 1989). 

Tidal flow parameter is estimated from average tidal 
velocity to be 

<I u I + oJIRo.o 

where: 

Iii I = tidal average absolute velocity (ftlsec ); 

oa =standard deviation of tidal velocity (ftlsec); 
and 

R = hydraulic radius (ft), equal to channel 
cross-sectional area divided by channel peri­
meter. 

Salt gradient =measure of the longitudinal change in 
salinity, in units of parts per million per foot 
(ppm/ft). 

Dispersion coefficients estimated in the RMA water 
quality module range from about 300 ft2/sec to 
900 ft2/sec. 

As indicated above, in the RMA water quality 
module, the dispersion coefficient is multiplied by the 
cross-sectional area of a channel to yield the tidal mixing 
exchange flow. Because both lui and oa have a linear 
correlation to tidal velocity, tidal mixing exchange flow 
is proportional to tidal flow. The exchange flow is 
generally lo/o-5%oftidal flow. Figure Bl-14 (in Appen­
dix B 1) shows the magnitude of average flood tide flows 
in Delta channels, indicating the relative strength of the 
tidal mixing exchange in these channels. Channels with 
high tidal flows will have greater simulated tidal mixing 
exchanges between volume elements. 
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The asswnption that tidal mixing exchanges are 
largely controlled by tidal flows and do not depend 
strmgly on the salt gradient itself allows the model to be 
used for water quality constituents other than salt Tidal 
mixing exchange occurs between volwne elements in the 
RMA model regardless of the magnitude of the salt 
gradient. 

Downstream Boundary for Tidal 
Salt Exchange 

A net outflow of water and a large tidal mixing 
exchange are simulated at the downstream boundary of 
the RMA Delta model (node 361) near Benecia. A tidal 
exchange fonnula (Fischer et al. 1979) is used to estimate 
the downstream concentrations of San Pablo Bay water 
quality constituents for use in the tidal exchange tenn. A 
mass balance of the downstream node is estimated from 
the ebb and flood tidal flows and freshwater outflow. The 
concentration of the flood tide flow represents a mixture 
of the ebb flow and a specified constant downstream (San 
Pablo Bay) concentration. The ebb flow is asswned to 
have a concentration proportional to that of the down­
stream node concentration. The boundary condition is 
calibrated through adjustment of the proportional co­
efficient. 

In the RMA water quality module, San Pablo Bay 
EC is asswned to be constant at 31,700 microseimens per 
centimeter 0JS/cm), or 31.7 milliseimens per centimeter 
(mS/cm) (containing total dissolved solids [TDS] at a 
concentration of22,000 milligrams per liter [mg/1] and 
c1· at 11 ,600 mg/1). Flood tide flows are asswned to be 
a I :1 mixture of the previous ebb flow (outflow) and San 
Pablo Bay water. The model represents a characteristic 
relationship between outflow and the EC value at the 
downstream node (node 361) as an exponential decrease 
in EC with increasing Delta outflow (called a negative 
exponential relationship). However, the maximwn simu­
lated botmdaly EC is 31.7 mS/cm for an outflow of 0 cfs. 

Figure B2-2 compares the.o~"esults of the downstream 
salt boundary formulation simulated by the RMA water 
quality module with historical Delta flows and historical 
monthly average EC data from Benicia. At the lowest 
historical monthly average Delta outflow of about 2,000 
cfs, the module simulated an EC value of about 26,000 
JJ,S/cm (26 mS/cm) for Benicia (node 360). With Delta 
outflow of20,000 cfs, the simulated EC value at Benicia 
is about 11,000 JJ,S/cm (II mS/cm). At Delta outflow of 
40,000 cfs, the simulated EC value at Benicia is appro­
ximately 5,000 JJ,S/cm (5 mS/cm). 
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Historical EC measurements from Benicia are 
presented as monthly averages of the daily means. The 
measw-ed historical Benicia EC data and the RMA sim­
ulation results for node 360 have similar relationships to 
Delta outflow (Figure B2-2). The basic pattern observed 
and simulated at Benicia is an exponential increase in EC 
with decreasing flow. The match is most important at 
relatively low Delta outflows (less than 20,000 cfs), when 
salinity intrusion is greatest and EC is highest. 

Figure B2-2 also shows the relationship between 
Delta outflow and simulated EC values at Pittsburg (node 
356), just upstream of Chipps Island. This simulated 
relationship is quite similar to that between Delta outflow 
and histOOcal mean monthly EC values at Pittsburg. The 
RMA model's simulation of tidal mixing exchange at the 
downstream boundary and in Suisun Bay between 
Benicia and Pittsburg has been calibrated to provide a 
good match with the general pattern of historical monthly 
EC data as swnmarized by the relationships between 
Delta outflow and EC values at these locations. Addi­
tional comparisons of simulation results with measured 
EC data are described below under "Confirmation of 
Historical Monthly Salinity Simulations". 

The historical monthly average EC data from Benicia 
and Pittsburg appear more scattered than the simulated 
values on the graph of the relationship between Delta 
outflow and EC. Some of this scatter can be explained by 
the concept of effective outflow, which incorporates the 
sequence of previous Delta outflows. Effective outflow 
is defined as the steady outflow that would produce the 
salinity gradient location observed in the historical EC 
data. The salinity gradient location in Suisun Bay is 
governed by the balance between Delta outflow and tidal 
mixing of salinity from San Pablo Bay. During periods of 
steady outflow, the mean salinity gradient becomes sta­
tionary at a location that depends on Delta outflow. How­
ever, an increase or decrease in outflow will not imme­
diately change the location of the salinity gradient; its 
movement can be described in tenns of effective outflow, 
which depends on antecedent conditions. 

Contra Costa Water District (CCWD) has suggested 
a method for estimating the effective Delta outflow to 
describe salinity intrusion effects in the Delta (Denton 
1993a). The method involves using a relatively simple 
"routing" equation to calculate the equivalent steady out­
flow for each month, based on the previous month's effec­
tive outflow and this month's estimated average outflow. 
If this adjustment is made to the historical monthly aver­
age Delta outflow estimates and the historical monthly 
average EC data are plotted against effective outflow 
rather than historical outflow, these data from Benicia and 
Pittsburg more closely follow the expected negative 
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exponential relationship with outflow, as shown in Figure 
B2-3. The suggested method for adjusting outflows to 
obtain the effective Delta outflows is described below 
under "Relationships between Electrical Conductivity 
Data and Effective Delta Outflow". 

Upstream Inflow Concentrations 

Inflow concentrations of water quality constituents 
must be specified for each upstream inflow to the RMA 
model: Sacramento River and Yolo Bypass, eastside 
streams, and San Joaquin River. 

Historical EC measurements are available for in­
flows from the Sacramento and San Joaquin Rivers. 
Future inflow sequences may differ from historical se­
quences, however, because of changed operation of up­
stream reservoirs and changed upstream diversions. For 
planning studies based on future sequences of simulated 
inflows, historical EC sequences cannot be used. Instead, 
the historical EC data are related to flows using flow 
regressions, and the flow regressions are used to estimate 
the corresponding EC values from the simulated inflows. 
Flow regressions for Sacramento and San Joaquin River 
inflow EC values are described below under "Flow 
Regressions for Inflow Concentrations". 

Agrk:ultural Drainage Salt 

In the Delta, EC values in agricultural drainage 
water vary seasonally and depend on the water and salt 
management practices on each island. The EC values of 
the agricultural diversions from the Delta channels to the 
islands depend on seasonal salinity intrusion and EC 
values in inflowing rivers. Agricultural islands do not 
represent large net sources of salt, although the islands 
may receive some residual salt from fertilizers and 
dissolution of soil minerals. EC values in drainage water 
are related primarily to the seasonal buildup of salt in 
agricultural fields resulting from evapotranspiration (ET); 
this salt is subsequently removed from the soils by rain­
fall or water applied for salt leaching in winter. 

The RMA model tracks the water and salt budget for 
each Delta island, assigning diversions and drainage 
flows to the appropriate model nodes. The monthly 
volume estimates for applied and drained water for the 
lowland and upland portions of the Delta are obtained 

The increased salt concentrations in drainage water 
caused by ET are simulated with the RMA water quality 
module. 

Irrigated Delta lowlands encompass about 340,000 
acres, and irrigated Delta uplands encompass about 
140,000 acres. Agricultural diversions and drainage 
flows can be quite large during the irrigation season. 
Only rough estimates of the actual drainage and diversion 
flows are available. Therefore, possible inaccuracies in 
these specified flows may have a relatively large effect on 
simulations of Delta outflow volumes and corresponding 
salinity intrusion events during low-flow periods. 

For example, 1 inch of drainage or diversion volume 
from 480,000 acres is equivalent to a flow of about 67 5 
cfs for a month. Because it is likely that the available 
estimate of net channel depletion in the Delta is only 
moderately accurate (±0.5 inch per month), the resulting 
estimates of Delta outflow may easily be 500 cfs higher 
or lower than actual Delta outflow. 

An additional uncertainty in the simulation of Delta 
agricultural drainage effects results from the magnitude 
of seasonal buildup and discharge of soil salinity from 
irrigation, ET, rainfall, and leaching practices being un­
known (see Appendix C2, "Analysis of Delta Agricultural 
Drainage Water Quality Data"). The RMA model repre­
sents an accurate salt budget for each Delta island, but the 
seasonal patterns of drainage volume and drainage EC 
values are only approximate average conditions for the 
Delta. 

MODIFICATIONS OF THE RMA 
MODEL FOR SIMULATION OF 

IDSTORICAL DELTA CONDmONS 

Several modifications to the RMA Delta model were 
made for the simulations of historical Delta conditions: 

• JSA developed input data for long-term (25-
year) RMA simulations based on 1%7-1991 
monthly average Delta inflows and exports. 

• The RMA model tracked each of the river in­
flows, Delta agricultural drainage, and seawater 
intrusion from the downstream model boundary 
throughout the Delta to calculate source water 
contributions. 

from the DeltaDWQ model described in Appendix C4, • The RMA model tracked c1· concentration and 
EC along with IDS, the traditional modeled 
variable for salinity. JSA used flow regressions 

"DeltaDWQ: Delta Drainage Water Quality Model", and 
are included in the input file for the RMA Delta model. 
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to estimate EC and concentrations of ct· in each 
river inflow. 

• The RMA model calculated salt balances for 
each DW island and each Delta agricultural 
island to estimate drainage concentrations. 

The following sections describe these modifications 
for long-term monthly average historical simulations. 

Long-Term Simulations 

For the cUITent EIRIEIS analysis, results of long­
term RMA model simulations were used to estimate 
Delta levels ofEC and concentrations of ct· and bromide 
ion (Br"). Values for other water quality constituents 
were estimated using a combination of direct simulation 
petfonned by the water quality module and flow weight­
ing of source concentrations based on source tracking 
simulated by the water quality module. Monthly average 
inflows were used to simulate monthly average net flows 
in Delta channels using the RMA hydrodynamic model 
(Appendix B I). Inflow water quality is held constant 
during the month. The water quality constituents were 
simulated with daily time steps within the month, but only 
the end-of-month values are reported. 

The long-term simulations allow the Delta water 
quality patterns to be compared under a wide range of 
Delta flow conditions. Seasonal effects and long-term 
effects from drought sequences are simulated within the 
25-year period. 

Source Tracking with Modeled Dye 

The RMA model was used to track Delta inflows, 
seawater intrusion, DW discharges, and Delta agricul­
tural drainage from their sources to various Delta loca­
tions. Based on the source tracking analysis, other Delta 
water quality constituents ~uld be evaluated if their 
inflow concentrations are known. 

Source tracking was accomplished through simula­
tion of movements of conservative (nondecaying) dye 
tracer having a constant inflow concentration at each 
inflow location. Concentrations of the dye simulated at 
other locations in the Delta reflect the proportional con­
tribution of water at that location from the inflow source 
being tracked The RMA model produced end-of-month 
modeled dye concentrations corresponding to average 
monthly net flow patterns. 
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Seawater intrusion volume tracking was performed 
using a seawater salt simulation that tracked only salt 
moving upstream from the downstream boundary. Salt 
tracking was used because water source tracking from the 
downstream boundary involves small flow percentages. 
The seawater source contribution was estimated by 
dividing the simulated seawater salt concentration by the 
salt concentration for seawater from San Pablo Bay 
(11 ,600 mg Cl" per liter of seawater). 

Each DW island discharge was tracked to the selec­
ted destinations with modeled dye simulations. Although 
individual DW island discharges were tracked, only the 
aggregate contribution from DW project discharges is 
reported. 

All Delta agricultural discharges were dyed and 
tracked with another modeled dye simulation. More dye 
simulations could be used to track discharges from other 
selected locations. Although the source tracking was 
petfonned with the RMA water quality module, the simu­
lation results are described in Appendix B 1, "Hydrody­
namic Modeling Methods and Results for the Delta Wet­
lands Project", because these results are primarily used to 
identify the effects of hydraulic flow transport from each 
source of water. The seawater intrusion effects are de­
scribed in this appendix. 

Addition of Electrical Conductivity 
and Chloride Variables 

TDS is the salinity variable that has been tradition­
ally used in the RMA water quality module, although 
relatively few measurements of TDS are available for the 
Delta. In contrast, several EC monitoring stations · 
throughout the Delta provide continuous EC records. For 
model calibration purposes, modeling EC directly is a 
more reliable approach than modeling TDS and esti­
mating EC values with a regression equation. Therefore, 
the RMA model was modified to include direct EC 
modeling. 

The RMA water quality module was also modified 
to simulate c1· concentrations directly to allow accurate 
estimates ofBr concentrations; Br· in seawater and in the 
Delta is present at a constant bromide-to-chloride 
(Br"/Cl-) ratio of about 0.0035. In addition, the Cl"/EC 
ratios vary between the Sacramento River, the San 
Joaquin River, and San Pablo Bay (seawater). When 
both ct· and EC are modeled, the simulated Cl"/EC ratio 
at various Delta locations can be used to estimate the 
proportional contributions of water from these three 
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sources. Measured Cl" and EC values can then be used to 
confirm the modeled mixtures from these sources. 

Flow Regressions for Inflow 
Concentrations 

The RMA Delta model was used to simulate condi­
tions based on historical monthly inflows and exports. A 
method was needed to estimate the inflow salinity (ex­
pressed as IDS and c1· concentrations and EC) for each 
river inflow. Flow regressions were used to estimate 
monthly average EC values; ratios between other vari­
ables of interest and EC were used to estimate inflow 
concentrations for the other variables at each inflow 
location. 

Figure B2-4 shows the monthly average EC data for 
the Sacramento River at Greene's Landing for the 25-year 
historical period (1967 -1991) used in the RMA historical 
simulations. These measurements were collected by vari­
ous agencies and aggregated in a single computerized 
database by CCWD (Leib pers. comm.). 

Measured mean monthly Sacramento EC values 
ranged only from about 100 JJ,S/cm to 260 JJ,S/cm. A 
definite flow dilution pattern is evident, as shown in the 
relationship between EC and flow in Figure B2-4, al­
though there is considerable scatter in the data. 

To estimate monthly average Sacramento River EC 
as a fimction of average monthly flow, JSA empirically fit 
the following equation to the monthly average EC data 
set: 

Sacramento River EC (J.I.S/cm) 
= 5,000 • flow (cfs)..o·35 

This equation represents the approximate relationship 
between Sacramento River inflow and EC, especially for 
flows ofless than 25,000 cfs, those most likely to corres­
pond to low Delta outflow and high salinity intrusion. 
The equation's flow expo.!lent of -0.35 corresponds to a 
dilution effect with increasing flow. For example, as flow 
doubles from 12,000 cfs to 24,000 cfs, EC decreases 
from 180 JJ,S/cm to about 130 f.J,S/cm (Figure B2-4 ). 

In the RMA simulations, Yolo Bypass EC was 
asswned to be the same as Sacramento River EC for each 
month. A similar flow regression equation for EC was 
estimated for the eastside streams, although field data are 
limited. The eastside streams had an average simulated 
EC value of about 105 JJ,Sicm. 

Delta Wetlands Draft EJR/EJS 

87-119JJIJLPPD-B2 B2-7 

Figure B2-5 shows the monthly average EC data for 
the San Joaquin River at Vernalis for 1968-1991. The 
EC values fluctuate over a much greater range, from 
about 150 JJ,Sicm at high flows to more than 1 ,500 JJ,Sicm 
at low flows in 1977. Although high flows produce a 
strong dilution effect that is adequately represented by a 
flow regression equation, considerable data scatter at low 
flows cannot be explained by a simple flow dilution rela­
tionship. Nevertheless, the following equation is used to 
estimate San Joaquin River EC as a function of average 
monthly flow: 

San Joaquin River EC (J.I.S/cm) 
= 25,000 • flow (cfs)..o 5 

The simulations of historical salinity conditions per­
fonned with the RMA model used these flow regression 
equations to estimate the EC of river inflows. Use of 
these regression equations introduces potential errors in 
simulated EC values at Delta locations where river in­
flows have strong influences. For example, in the winters 
of 1988, 1989, and 1990, the San Joaquin River EC 
values estimated using the flow regression equation were 
less than 800 JJ,Sicm; the actual values were considerably 
higher (Figure B2-5). Because the estimated inflows will 
be the same for each DW alternative analyzed, potential 
errors in the regression estimates of inflow EC will not 
change the impact assessments. 

Estimating inflow EC values as a function of river 
flow provides the most appropriate method for estimating 
inflow EC for Delta planning studies and impact assess­
ments of project alternatives when the simulated inflows 
are expected to be different from historical inflows 
because of the operations of reservoirs and other up­
stream facilities and changes in Delta export demands. 

Agricultural Divenions and 
Drainage Salt Balance 

Agricultural drainage is generally considered to have 
a large effect on salinity (IDS, EC, and Cl") in the central 
and southern Delta near the CCWD diversion and CVP 
and SWP export pumping locations. For accurate simu­
lation of probable effects of agricultural drainage on 
salinity, the water and salt balances for the Delta agri­
cultural area must be specified properly. 

The RMA Delta model was modified to account for 
water and salt mass balances on each Delta island. Esti­
mates of diversions, storage (as soil moisture or leaching 
water), ET, rainfall, and discharge of water for each Delta 
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island or tract are used to estimate salt concentrations in 
Delta-wide agricultural discharges. 

Water budget terms for the Delta uplands and low­
lands were separately obtained from DeltaDWQ model 
simulations (Appendix C4). Concentrations in the 
monthly diversions were calculated from the appropriate 
model nodes supplying water to each Delta island. Island 
water budgets were assumed to be proportional to land 
area. The monthly water balance terms, specified as 
inches per month in the input file, were converted to 
flows at appropriate model nodes. An individual island 
may divert :from and discharge to several different nodes. 
Nodes may supply diversion water or receive drainage 
from several different islands. 

Relationships between islands and model nodes were 
obtained from data developed by the California Depart­
ment of Water Resources (DWR) for its Delta simulation 
model (DWRDSM), which has a similar mass-balance 
accounting for agricultural drainage. The major uncer­
tainty in this formulation is not the spatial relationships 
between islands and model nodes, but the unknown water 
balance and corresponding salt budget terms for each 
island Seepage, applied water, and subsequent drainage 
volumes are thought to differ substantially between Delta 
islands depending on soils, major crops, and agricultural 
practices (DWR 1995). 

Discharge concentrations also depend on the effec­
tiveness of drainage water in removing accumulated salt 
from Delta island soils. Winter leaching practices and 
rainfall drainage are very effective in removing accumu­
lated salts from the soils. Drainage of unused applied 
irrigation water in the summer is much less effective in 
removing salts because this water generally remains in 
irrigation and drainage canals. 

The RMA model simulates the lag between appli­
cation and removal of salts using an assumed soil-water 
mixing volwne for each island Because a certain amount 
of water is retained in the soil according to this relation­
ship, the buildup of soil salt concentration resulting from 
loss of soil moisture through_ET is delayed. Improved 
formulations that more accurately represent actual agri­
cultural salt budgets in the Delta may be developed 
(DWR 1995). Nevertheless, the RMA Delta model can 
be used to accot.mt for the general features of the seasonal 
salt budget in the Delta. 
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CONFIRMATION OF IDSTORICAL 
MONTHLY SALINITY 

SIMULATIONS 

RMA calibrated the Delta water quality module for 
the previous modeling used in the 1990 draft EIRJEIS 
using daily simulations for selected years with significant 
seawater intrusion events (Smith and Durbin 1989). The 
only calibration parameters for the salinity (TDS or EC) 
simulations are the tidal mixing exchange coefficients. 
RMA adjusted these coefficients using a combination of 
iterative manual adjustments and automatic adjustments 
using a "calibration program". 

This section compares end-of-month average EC 
values simulated with the RMA model for historical 
inflows and exports with historical monthly average EC 
data to confirm the salinity calibration of the RMA Delta 
salt transport model. The observed and simulated rela­
tionships between effective Delta outflow and EC at 
selected Delta locations are compared. The differences 
between end-of-month simulated EC values and monthly 
average EC data indicate the model errors (uncertainties) 
that should be considered during impact assessment using 
simulations of operations of the DW project alternatives 
and the No-Project Alternative. Because the model 
uncertainties will be similar for simulations of the No­
Project Alternative and the DW alternatives, the model 
uncertainties will not affect the model estimates of water 
quality impacts. 

Available Electrk:al Conductivity Data 

Daily minimum, average, and maximum EC data 
recorded at several Delta monitoring stations during 
1968-1991 were obtained from CCWD, which had 
aggregated various agencies' measurements into a single 
database (Leib pers. comm.). These daily data were 
summarized as monthly means of the daily minimum, 
average, and maximum values for comparison with simu­
lated end-of-month EC values. 

Numerous EC monitoring stations in the Delta are 
used in the Interagency Ecological Program for the 
Sacramento-San Joaquin Estuary. Figure B2-6 shows the 
locations of the following stations (with monitoring 
station ID number, indicating river name and kilometer 
upstream, plus the Interagency Ecological Program [IEP] 
station code); data from these stations were selected for 
comparison with the RMA EC simulations: 
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• Benicia (RSAC056), 
• Port Chicago (RSAC063), 
• Chipps Island (Mallard Island) (RSAC075), 
• Collinsville (RSAC084), 
• Emmaton (RSAC092), 
• Rio Vista (RSAClOl), 
• Pittsburg (RSAC077), 
• Antioch (RSAN007), 
• Jersey Point (RSANO 18), 
• Old River at Holland Tract (ROLD014), and 
• Old River at Tracy Pumping Plant 

(CliDMC004). 

The significance of each monitoring location to this 
analysis is described below under "Comparison of 
Simulation Results with Historical Data". 

Relationships between Electrical 
Conductivity Data and 
Effective Delta Outflow 

Because the salinity gradient location in Suisun Bay 
is governed by the balance between Delta outflow and 
tidal mixing of salinity from San Pablo Bay, the observed 
EC at a fixed station is a function of the effective Delta 
outflow. During periods of steady outflow, the observed 
daily average EC value will remain relatively constant 
(with a large tidal fluctuation). The expected mean EC 
value at a fixed location in an idealized one-dimensional 
estuary is a negative exponential function of outflow: 

EC = a • exp( -outflow • b) 

However, the observed EC at a location is not 
immediately changed by an increase or decrease in Delta 
outflow. During periods of increasing outflow, the EC 
will be decreasing but will be higher than expected with 
calculations based on a steady Delta outflow. During 
periods of decreasing outflow the EC will be increasing 
but will be lower than expected with calculations based 
on a steady Delta outflow. This dynamic change in the 
observed EC can be approximated as described below 
with use of a calculated effective (lagged) outflow, which 
depends on antecedent conditions. 

CCWD has suggested a method for estimating the 
effective Delta outflow for describing salinity intrusion 
effects in the Delta (Denton 1993a). Once the historical 
monthly average Delta outflow estimates are adjusted 
based on this calculation, the historical monthly average 
EC data from each Delta location more closely follow the 
expected negative exponential relationship with the effec­
tive outflow (as shown in Figure B2-3). 
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The suggested method for adjusting outflows to 
obtain the effective Delta outflow is a relatively simple 
"routing" equation to calculate the equivalent steady out­
flow for each month, based on the previous month's 
effective outflow and this month's average Delta outflow. 
The rate of change in effective outflow is asswned to be 
prqx>rtional to the effective outflow times the change in 
outflow. Because the impact assessment simulations use 
monthly average flows, an exponential estimate of the 
monthly change in the effective Delta outflow is used: 

Change in effective outflow 
= (outflow- effective outflow) 
• (1 - exp[-effective outflow/R]) 

where R is an estimated "response" factor that is 
approximately 5,000 cfs for monthly average flows. 

For example, if the effective Delta outflow is 5,000 cfs, 
then the response of effective outflow to a change in 
outflow will be 63% (1 - exp[ -5,000/5,000]). If the 
monthly average outflow increases from 5,000 cfs to 
10,000 cfs, the effective outflow will increase to 8,160 
cfs (5,000 cfs + 0.63 • 5,000 cfs). If the effective out­
flow is 20,000 cfs, then the response of effective outflow 
to a change in outflow will be 98% (1 - exp [-20,000/ 
5,000]). Therefore, the relative adjustments for effective 
outflow will be greatest during periods of low Delta 
outflow. 

The historical EC data and RMA model simulations 
ofhistorical EC values are described below relative to the 
effective monthly average Delta outflow calculated as · 
shown from the historical Delta outflow sequence. 

Comparison of Simulation Results 
with Historical Data 

Figures B2-7 to B2-17 compare simulated end-of­
month EC values at selected RMA model nodes with · 
monthly averages of measured EC data from nearby 
monitoring stations. The figures show the time series of 
monthly values for I %8-1991 and the relationship be­
tween EC at the selected locations and the effective 
monthly average Delta outflow at Chipps Island. Differ­
ences between the monthly means of measured daily 
maximums and minimums characterize the typical daily 
fluctuations in EC values caused by tidal excursion of the 
salinity gradient back and forth at the monitoring stations. 
The RMA water quality module cannot simulate daily 
variations in EC values caused by tidal movement of the 
salinity gradient. Mean monthly EC data should corres-
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pond, however, with simulated EC values for the histor­
ical Delta inflows and exports. 

Table B2-l gives a summary of historical EC data at 
these locations and the RMA simulation results for EC 
values near these locations. The table also shows the 
average difference between each set of simulated and 
measured values (bias) and shows the average standard 
deviation of the differences between the RMA simulation 
results and the mean monthly measured EC. The stan­
dard deviation provides a general measure of the average 
error between the RMA simulation results and the mean 
monthly measured EC. 

Suisun Bay Region 

Seawater intrusion from the downstream boundary 
bas the greatest effect on salinity in the Suisun Bay por­
tion of the Delta. The Suisun Bay region encompasses 
the estuarine "entrapment zone", an important aquatic 
habitat region associated with high levels of biological 
productivity (Arthur and Ball 1980). The entrapment 
zone as defined by Arthur and Ball (1980) is the salinity 
(EC) range of 5-15 mS/cm, corresponding to 3,330-
10,000 ppm (3.3-10 parts per thousand [ppt]) of1DS, 
asswning a constant ratio of about 1. 5 mS/cm EC to 1 ppt 
TDS. The upstream boundary of the entrapment zone 
can also be identified as the location of the 2-ppt bottom 
salinity, or "X2" (measured in kilometers upstream of the 
Golden Gate Bridge). 

Benk:ia. Historical monthly average EC values for 
Benicia varied widely, from less than 1 mS/cm at high 
Delta outflows to approximately 30 mS/cm at low Delta 
outflows (Figure B2-7) with an average EC of 15.8 
mS/cm. Simulated EC values at RMA model node 360 
were similar to the observed values for most months. 

The general response of EC at Benicia to effective 
Delta outflow is easily detected in the monthly data and 
was well represented by the RMA model formulation. 
The simulated EC range of 5-15 mS/cm at Benicia, char­
acterizing the upstream and downstream extent of the 
entrapment zone, corresponds ""With Delta outflows rang­
ing from about 13,000 cfs to about 40,000 cfs. The 
monthly average observed EC data are more scattered 
than the simulated EC values but follow a similar rela­
tionship with effective monthly average Delta outflow. 

Table B2-l shows that for Benicia, the mean mea­
sured EC for the 1%8-1991 period was 15,792 ~S/cm. 
The mean of the RMA simulation of historical EC at 
Benicia (node 360) was 14,604 ~S/cm. The RMA-simu­
lated EC was lower than the measured EC by an average 
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of 1,188 ~S/cm. The standard deviation from mean 
monthly EC measured at Benicia was 3,050 ~S/cm ( 191'/o 
of mean measured EC). 

Port Chicago. Figure B2-8 shows the observed and 
simulated EC values for Port Chicago for 1968-1991. 
Port Chicago is opposite Roe Island and is the down­
Siream monitoring location for the 1995 WQCP estuarine 
salinity objectives. Historical EC data for Port Chicago 
averaged 10 mS/cm. The Port Chicago EC was approxi­
mately 5 mS/cm at an outflow of about 15,000 cfs and 
approximately 15 mS/cm at an outflow of about 5,000 
cfs. The monthly average observed EC data are more 
scattered than the simulated EC values but follow a 
similar relationship with effective monthly average Delta 
·outflow. Table B2-l indicates that the mean RMA­
simulated EC for Port Chicago was 417 ~S/cm lower 
than the measured EC, with a standard deviation of2,337 
~S/cm (23% of mean measured EC). 

Chippa Island. Figure B2-9 shows the observed 
and simulated EC values for Chipps Island for 1968-
1991. Chipps Island is usually considered to be the pri­
mary station for estimating Delta outflow because it is 
located downstream of the confluence of the Sacramento 
and San Joaquin Rivers. 

Chipps Island is opposite one of the 1995 WQCP 
estuarine salinity habitat monitoring locations (Mallard 
Island) and is therefore an important EC measurement 
location; however, historical EC data from Chipps Island 
are only available beginning with 1981. The RMA -simu­
lated EC (node 357) was slightly higher than the mea­
sured data, indicating that the measured station is slightly 
"upstream" of the model node location. Use of the RMA 
salinity curve to estimate the effective outflow corres­
ponding to various EC values indicates that the Chipps 
Island station will be within the entrapment zone (5-15 
mS/cm) for effective outflows of about 3,500 cfs to 7,500 
cfs. X2 (3 mS/cm) would be located downstream of 
Chipps Island for effective Delta outflows of greater than 
about 12,000 cfs. Statistics for the Chipps Island station 
in Table B2-l indicate that the RMA-simulated EC was 
808 ~S/cm greater than measured EC, with a standard 
deviation of 2,4 71 ~S/cm ( 40% of mean measured EC). 

Pittsburg. Figure B2-10 shows the observed and 
simulated EC values for the Pittsburg station, located 
upstream of Chipps Island. 

The relationship between effective outflow and Pitts­
burg EC was similar for the measured EC and the RMA­
simulated EC. The maximwn historical monthly average 
EC was about 15 mS/cm. The Pittsburg station would 
therefore remain within the entrapment zone for effective 
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outflows ofless than 7,000 cfs, but would be upstream of 
the entrapment zone at higher outflows. The X2 position 
would be downstream of the Pittsburg station for effective 
outflows of greater than about 9,000 cfs. 

Table B2-1 indicates that the mean observed EC at 
Pittsburg for the 1968-1991 period was 4,061 J.lS/cm, 
and the mean of the RMA simulation (node 356) was 
3,309 J.lS/cm (752 J.lS/cm less than observed). The stan­
dard deviation was 1,777 J.lS/cm ( 44% of mean measured 
EC). The relationship between effective outflow and EC 
at Pittsburg was accurately simulated by the RMA model, 
and simulated incremental effects of changes in outflow 
on Pittsburg EC values are reliable. 

Sacramento River Electrical Conductivity Monitor­
ing Stations 

Because most Delta outflow is from the Sacramento 
River channel, data from these stations are presented flrst, 
followed by EC data from stations located along the San 
Joaquin River. 

Collinsville. Figure B2-11 shows the observed and 
simulated values for the Collinsville EC monitoring 
station. The Collinsville station is on the Sacramento 
River, just upstream of the mouth of the San Joaquin 
River. Montezwna Slough is located near Collinsville, so 
measurements from this station indicate the salinity of 
inflows from the Sacramento River to Suisun Marsh. The 
observed range in mean monthly EC at Collinsville is 
from less than 1 mS/cm at Delta outflows of greater than 
12,000 cfs to greater than 1 0 mS/cm at Delta outflows of 
about 3,000 cfs. 

Table B2-l indicates that the observed average EC 
at Collinsville for the 1968-1991 period was 2,542 
J.lS/cm. The RMA model (node 355) average for the his­
torical simulation was 2,421 J.lS/cm. The RMA-simu­
lated EC was lower than the measured EC by an average 
ofl21 J.lS/cm. However, there was considerable scatter 
in the monthly data, so the standard deviation between the 
RMA simulations and observed values was 1,190 J.lS/cm 
(47% of measured EC).-

Figure B2-ll indicates that Collinsville EC is 
strongly controlled by effective Delta outflow when out­
flow is less than about 10,000 cfs. Although there are 
other factors influencing the Collinsville EC data, the 
effects of outflow are well modeled by the RMA model. 
For impact assessment purposes, where the incremental 
effects of modified outflow on Collinsville EC are to be 
detennined, the RMA results for Collinsville are reliable. 
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Emmaton. Figure B2-12 shows the observed and 
simulated EC values for Emmaton. Emmaton serves as 
a monitOOng location for agricultural water quality under 
the 1995 WQCP Delta objectives. Table B2-l shows 
that the mean measured EC at Emmaton was 810 J.lS/cm. 
The mean RMA-simulated EC was 532 f.J,S/cm, 278 
J.lS/cm less than the measured EC, with a standard 
deviation of 585 J.lS/cm (72% of mean measured EC). 
The EC data from Emmaton show a marked reduction in 
the extent of salinity intrusion in comparison with the 
Collinsville EC data. Only during a few periods of low 
flow in 1977 did the entrapment zone, as defined by the 
EC range of 5-15 mS/cm (Arthur and Ball 1980), extend 
up the Sacramento River as far as Emmaton. The entrap­
ment zone has rarely been observed this far upstream. 
The X2 position (3 mS/cm) would be downstream of 
Emmaton for effective Delta outflow greater than about 
3,000 cfs. 

Emmaton is located on the Sacramento River down­
stream of its junction with Threemile Slough. Emmaton 
EC data indicate salinity intrusion up the Sacramento 
River channel and are representative of Sacramento River 
water entering Threemile Slough and flowing to the lower 
San Joaquin River, upstream of Jersey Point. Because of 
large tidal flows in Threemile Slough, there is consider­
able exchange of San Joaquin River water from upstream 
of Jersey Point that may influence Emmaton EC. 

Rio Vista. Historical monthly EC data from Rio 
Vista are compared with simulated EC patterns for the 
1968-1991 period in Figure B2-13. Elevated salinity at 
Rio Vista was limited to extreme conditions during 1977. 

The historical EC data indicate that seawater intru­
sion on the Sacramento River was generally not observed 
at Rio Vista between 1968 and 1991. Therefore, EC 
conditions at Walnut Grove, near the DCC and Georgiana 
Slough, can be considered to be about the same as Sacra­
mento River inflow conditions. 

San Joaquin River and South Delta Monitoring 
Stations 

Antioch. Figure B2-14 shows the observed and 
simulated EC values for the Antioch monitoring location. 
Because the Antioch station is farther upriver than the 
Collinsville station, EC is consistently lower at Antioch 
than at Collinsville (Figure B2-ll) for the same effective 
Delta outflow. The scatter in measured and simulated EC 
values is caused by variations in factors other than 
effective Delta outflow that influence Antioch EC values. 
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Antioch and other central and southern Delta loca­
tions may be more affected by the variable quality of San 
Joaquin River inflow and agricultural drainage in the 
Delta than are locations in the western Delta. Both of 
these salinity effects are included in the RMA model, but 
there are differences between simulated and measured EC 
values for these terms. 

As defined by the 5- to 15-mS/cm range in EC 
values, the entrapment zone extends upstream to Antioch 
only during periods of Delta outflow less than about 
4,000 cfs. The simulated seawater intrusion at Antioch 
in some summers was greater than measured (Figure B2-
14). 

Some of the differences between the RMA simula­
tions ofhistorical conditions and the observed EC values 
during periods of elevated EC measurements may be 
caused by the uncertainty of estimates of Delta outflow 
used in the RMA simulations. 

Table B2-l indicates that the average observed EC 
at Antioch for 1968-1991 was 1 ,809 J.JS/cm and the 
RMA-simulated EC (node 46) was 1,509J.JS/cm (aver­
age of 300 J.JS/cm less than observed). The standard 
deviation of the difference between RMA-simulated and 
measured EC was 1,123J.JS/cm (62% of mean measured 
EC). 

Figure B2-14 indicates that Antioch EC is strongly 
controlled by effective Delta outflow when outflow is less 
than about 7,500 cfs. Although there are other factors 
influencing the Antioch EC data, the effects of effective 
Delta outflow are well modeled by the RMA model. For 
impact assessment purposes, where the incremental ef­
fects of modified outflow on Antioch EC are to be deter­
mined, the RMA results for Antioch are reliable. 

Jersey Point. The Jersey Point EC station is another 
important location for monitoring Delta agricultural water 
quality standards under the 1995 WQCP objectives. 
Figure B2-1 ~ shows historical and simulated EC values 
for Jersey Point. Although the entrapment zone does not 
extend upstream to Jersey Poiut, salinity intrusion (EC 
value greater than about 0.5 mS/cm) has been observed 
at this station when Delta outflow was less than 7,500 cfs. 

Table B2-1 indicates that the average measured EC 
at Jersey Point for the 1968-1991 period was 694 J.JS/cm. 
The RMA-simulated historical EC at Jersey Point (node 
44) averaged 547 J.JS/cm (140 J.JS/cm less than mea­
sured). The standard deviation was 564 J.JS/em (81% of 
mean measured EC). Figure B2-15 shows that most of 
the deviation in simulated and measured EC values occur 
during periods oflow effective Delta outflow. 
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Figure B2-15 indicates that Jersey Point EC is 
strongly controlled by effective Delta outflow when 
outflow is less than about 7,500 cfs. Although there are 
other factors influencing Jersey Point EC, the effects of 
outflow are well modeled by the RMA model. For 
impact assessment purposes, where the incremental 
effects of modified outflow on Jersey Point EC are to be 
determined, the RMA results for Jersey Point are reliable. 

The simulated salinity intrusion at Jersey Point was 
greater than measured EC data indicated for low outflow 
conditions. For purposes of impact assessment for the 
DW project, however, the simulated EC patterns at Jersey 
Point are sufficiently accurate to represent the general 
influence of salinity intrusion from Benicia as a function 
of effective Delta outflow. 

Old River at the CCWD Diversion I.AN:ation. 
Figure B2-16 shows historical EC data and EC values 
simulated by the RMA model for CCWD diversions at 
Rock Slough. Salinity intrusion events occur during 
periods oflow Delta outflows. 

Table B2-l indicates that the average CCWD EC for 
the 1968-1991 period was 500 J.JS/cm. The RMA simu­
lation ofhistorical CCWD EC was 292 J.JS/cm, consider­
ably lower than measured data. The RMA model appears 
to underestimate the salinity intrusion effects during 
periods of low effective Delta outflow. The standard 
deviation was 210 J.JS/cm ( 42% of mean measured EC). 

Figure B2-16 suggests that there is a minimum EC 
at CCWD's Rock Slough diversion location that is a 
function of the effective Delta outflow, as observed for 
the other Delta stations. However, there are many more 
months with elevated EC values that do not appear to be 
directly controlled by the effective outflow. San Joaquin 
River inflow EC and Delta agricultural di~harges are 
two possible influences at this location, in addition to 
salinity intrusion effects. 

Measured EC at Holland Tract, located on Old River 
just downstream of the mouth of Rock Slough, are shown 
for comparison with CCWD EC data. The average 
Holland Tract EC was 419 J.JS/cm for the 1968-1991 
period (81 J.JS/cm less than the average CCWD EC). 
Differences between these two locations can be attributed 
to local effects of agricultural discharges and tidal gate 
leakage between Sand Mound Slough and Rock Slough. 
During the 1976-1977 drought, when a temporary 
CCWD intake was established in Middle River, the 
CCWD measurements were less than the Holland Tract 
measurements. 
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Old River at Tracy Pumping Plant Figure B2-17 
shows measured monthly EC data and simulated EC 
values for the CVP Tracy Pumping Plant Salinity intru­
sioo (EC value greater than 0.5 mS/cm) at the CVP Tracy 
Pumping Plant was relatively infrequent and of moderate 
magnitude during the historical period compared with 
salinity intrusion at Jersey Point. CVP export EC values, 
however, are substantially affected by the variable quality 
of San Joaquin River inflow and agricultural drainage in 
the Delta (Figure B2-5). 

Table B2-l indicates that the average EC at CVP 
Tracy Pumping Plant for the 1968-1991 period was 4 97 
JJ,S/cm. The mean RMA simulation of historical CVP 
Tracy Pumping Plant EC was 369 JJ,S/cm, considerably 
lower than measured data. The RMA model appears to 
underestimate the salinity intrusion effects during periods 
of low effective Delta outflow. The standard deviation 
was 150 JJ,S/cm (300/o of mean measured EC). 

The uncertain effects of agricultural drainage on 
export EC will not influence the impact assessment 
results because the simulated effects of San Joaquin River 
inflow EC and agricultural drainage EC on export EC 
will be the same for each DW alternative; the impact 
assessment of effects ofDW project operations on likely 
export EC values will be reliable. 

Summary of Relationships between 
Simulated Eledrical Conductivity at 

Selected Delta Channel Locations 
and Effective Delta Outflow 

The previous section presented the RMA simulations 
of Delta EC for historical inflow and export conditions. 
The dominant controlling factor at each channel location 
was effective Delta outflow. Figure B2-l8 shows the 
resulting negative exponential relationship between effec­
tive Delta outflow and EC at several of the EC monitor­
ing stations. 

Table B2-l gives the coefficient values that were 
estimated for the negatiVe exponential relationship for 
each EC measurement station. These equations are 
similar to the RMA simulation results as well as the his­
torical measurements for 1968-1991. A constant of 1 50 
JJ,S/cm is assumed as the Sacramento River inflow EC. 
These equations can be used to estimate the effects of a 
change in outflow on EC at these locations. Because 
effective Delta outflow is a lagged moving average of 
monthly outflow values, a change in outflow caused by 
DW project operations may have a slight effect on EC 
values for more than one month. 
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These effective outflow equations summarize the 
historical EC measurements and the RMA simulation 
results. They are used for impact assessment in the same 
way that the hydraulic channel flow split equations were 
used to summarize the RMA hydrodynamic model results 
and to estimate the effects of DW operations on Delta 
channel flows. These summary relationships between EC 
and effective Delta outflow can be used to estimate EC 
under each DW project alternative for the entire 70-year 
hydrologic record (water years 1922-1991 ). 

For example, Table B2-l indicates that monthly 
average EC values (JJ.S/cm) for Port Chicago (kilometer 
63) can be reliably estimated from effective Delta outflow 
(cfs) as follows: 

Port Chicago EC = ISO+ 32,000 
• exp ( -0.00010 • effective outflow) 

Similarly, EC values (JJ.S/cm) for Chipps Island 
(kilometer 75) or Pittsburg (kilometer 77) can be reliably 
estimated from effective Delta outflow (cfs) as follows: 

Pittsburg EC = 150 + 30,000 
• exp ( -0.00025 • effective outflow) 

The negative exponent for Pittsburg is larger than for 
Port Chicago, so the effects of increasing effective out­
flow are stronger, and the salinity intrusion effects for a 
particular effective Delta outflow are reduced at Pittsburg 
compared with effects at Port Chicago. The EC at 
Collinsville (kilometer 84) can be reliably estimated as 
follows: 

Collinsville EC = 150 + 25,000 
• exp( -0.00030 • effective outflow) 

Antioch (kilometer 89) EC can be estimated as 
follows: 

Antioch EC = 150 + 20,000 
• exp( -0.00035 • effective outflow) 

Emmaton (kilometer 92) and Jersey Point (kilometer 
100) EC have similar equations with approximately the 
same negative exponent, but because Emmaton is slightly 
downstream of Jersey Point, the effects of salinity intru­
sion are slronger at Emmaton during periods of low effec­
tive outflow: 

Emmaton EC =ISO+ 10,000 
• exp( -.00040 • effective outflow) 

Jersey EC = 1 50 + 8,000 
• exp( -0.00040 • effective outflow) 
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Rio Vista (kilometer 1 0 1) has a larger negative 
exponent, with greatly reduced magnitude of salinity 
intrusion episodes: 

Rio Vista= 150 + 15,000 
• exp( -0.00080 • effective outflow) 

Summary of Simulated Electrical Conductivity 
V alun and Chloride Concentrations 

in Delta Exports 

Delta export EC values are more strongly influenced 
than EC values at western Delta locations by San Joaquin 
River EC and by agricultural drainage flows and EC 
values. However, DW project effects on salinity at the 
export locations are calculated as the change from con­
ditions under the No-Project Alternative. Because these 
influences from San Joaquin River EC and agricultural 
drainage EC would be the same under DW project opera­
tions and operations under the No-Project Alternative, 
impacts of the DW project on export salinity will be 
estimated from changes in effective Delta outflow. 

1be RMA simulation results for EC at Delta export 
locations (SWP and CVP pumping plants and CCWD 
diversion intake) varied slightly because of differences in 
estimated seawater intrusion and the varying contribu­
tions of San Joaquin River inflow and agricultural drain­
age at each location. However, the source contribution 
simulations, described in Appendix B 1, "Hydrodynamic 
Modeling Methods and Results for the Delta Wetlands 
Project", indicated that the effects ofDW project opera­
tions on source contributions at these export/diversion 
locations could be reliably estimated as a single repre­
sentative value for the three locations using monthly 
inflows and exports, along with simulated DW project 
operations. The differences between the three locations 
were generally not large relative to the month-to-month 
differences caused by hydrologic variations in the inflow 
sources, periods of low effective outflow, and variations 
in agricultural drainage effects. 

c1· concentrations at the Delta export locations are 
included as 1995 WQCP objectives. Elevated CJ· con­
centrations at the export locations are largely dominated 
by seawater intrusion sources, although there is some c1· 
concentration in Sacramento and San Joaquin River 
inflows (see Appendix C 1, "Analysis of Delta lnflow and 
Export Water Quality"). A background C1" concentration 
of 15 mg/1 is assumed for impact assessment purposes. 
The ratio of Cl" (mg/1) to EC {J.lS/cm) in seawater is 
approximately 113. The predicted seawater intrusion 
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concentration for export c1· is therefore one third of the 
predicted export EC value. 

The historical EC and Cl" measurements for the 
CCWD intake and EC for the CVP Tracy Pumping Plant 
suggest· that the increased EC {J.lS/cm) and c1· con­
centratioo (mgll) during periods of low Delta outflow can 
be reliably estimated as follows: 

ExportEC = 150 + 5,000 
• exp( -0.00050 • effective outflow) 

Export Cl" = 15 + 1,667 
• exp( -0.00050 • effective outflow) 

1be effects ofDW discharges on Delta export water 
quality are calculated in the DeltaDWQ assessment 
model (described in Appendix C4) from the estimated 
DW discharge EC and the estimated source contribution 
from DW discharges (reducing the source contributions 
from other sources as described in Appendix B 1 ). The 
slightly different Delta export EC and Cl" concentration 
values obtained from the DeltaDWQ impact assessment 
model are reported in Chapter 3C for water quality 
impact assessment. However, the salinity intrusion ef­
fects resulting from hydrodynamic changes in Delta flows 
are accurately estimated with the equations given in this 
section. 

Model uncertainties in monthly San Joaquin River 
EC values or monthly flow and EC values of Delta agri­
cultural drainage discharges do not reduce the accuracy 
of the impact assessment results because the same esti­
mates of San Joaquin River EC and agricultural drainage 
flow and EC values are used for each of the DW project 
alternatives. 

IMPACf ASSESSMENT RESULTS 
FOR THE DW PROJECf 

ALTERNATIVES 

General Approach 

The water quality and fishery impact assessments 
(Chapters 3C and 3F, respectively) are based on simu­
lations ofDelta conditions under the 1995 WQCP objec­
tives using Delta inflows, Delta exports, and DW project 
operations estimated with the Delta Standards and Oper­
ations Simulation model (DeltaSOS) based on DWRSIM 
results, as described in Appendices AI, "Delta Monthly 
Water Budgets for Operations Modeling of the Delta 
Wetlands Project", and A3, "DeltaSOS Simulations of the 
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Delta Wetlands Project Alternativesw. Simulations of 
Delta hydrodynamics for historical conditions and opera­
tions of the OW project alternatives are described in 
Appendix B 1, wHydrodynamic Modeling Methods and 
Results for the Delta Wetlands Projectw. 

The 1995 WQCP represents cWTent Delta water 
quality objectives; therefore, estimates of inflows, ex­
ports, and outflows simulated for historical hydrologic 
conditions wtder the 1995 WQCP objectives differ from 
estimated historical values, which correspond to Delta 
conditions prior to establishment of current outflow re­
quirements and export restrictions. Because the simu­
lated Delta inflows, expoos, and outflows associated with 
each OW alternative are different from historical inflows 
and exports, simulated seawater intrusion and salinity 
conditions for each OW project alternative are different 
from the observed EC patterns. 

To provide the most appropriate comparison for 
determining OW project impacts, simulations of salinity 
for the OW project alternatives are referenced to simu­
lations for the No-Project Alternative. The No-Project 
Alternative represents likely future operations on the OW 
islands (intensified agricultural use), without the OW 
project, wtder the 1995 WQCP objectives and with esti­
mated export demands. 

The following discussions summarize the results of 
simulations using the DeltaDWQ impact assessment 
model for EC at three selected locations and export Cl" 
concentrations for the No-Project Alternative and the OW 
project alternatives. Simulated EC patterns are used as 
impact assessment response variables because they are 
regulated by water quality standards (such as those in the 
1995 WQCP) or are directly related to potential water 
quality and fishery variables. Export Cl· concentration, 
which is controlled by the 1995 WQCP objectives, can 
be estimated from salinity intrusion and source contribu­
tions and is directly proportional to concentration ofBr·, 
an important variable for drinking water quality. EC pat­
terns may influence the movement of larvae and juvenile 
stages of several important fish species and the distri­
bution of estuarine speci~. 

The selected locations are defmed as follows: 

• Chipps Island is the Delta outflow location, 
where Sacramento and San Joaquin River flows 
have combined and mixed. 

• Emmaton is an important }<>cation for moni­
toring the effects of salinity intrusion on agricul­
tural diversions upstream along the Sacramento 
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River channel. Emmaton is a salinity control 
point for the 1995 WQCP objectives. 

• Jersey Point is the point of San Joaquin River· 
outflow from the central Delta, where agricul­
tural drainage and diversion flows from the 
Sacramento Rive~" have mixed with San Joaquin 
River flow. Jersey Point is a salinity control 
point for the 1995 WQCP objectives 

• Delta export salinity is simulated as repre­
sentative of the CCWD Rock Slough intake, 
SWP Banks Pumping Plant, and CVP Tracy 
Pumping Plant locations. 

Simulation Results for the 
No-Project Alternative 

Table B2-2 presents monthly simulated EC values 
for the four selected Delta locations for the 1968-1991 
period for the No-Project Alternative. Monthly average 
c1· concentrations are also given for the representative 
Delta export location. The impact assessment for each 
OW alternative will be based on the calculated changes 
from these No-Project Alternative values. The No­
Project Alternative values are sometimes considerably 
different from the measured historical values because the 
simulated Delta outflow sequence is very different from 
the historical Delta outflow for many months. 

Because the measured historical EC values were 
accurately estimated from the effective Delta outflow 
relationships as described in the previous section, these 
estimates ofEC and c1· for the No-Project Alternative are 
also considered to be a reliable basis for impact assess­
ment for each OW project alternative. 

Table B2-3 smnmarizes the changes shown in Table 
B2-2. The monthly changes are separated into EC 
increases (with percent increase) and EC decreases (with 
percent decrease). For example, the upper lefthand box 
ofT able B2-3 indicates that OW Alternative 1 at Chipps 
Island changed the average EC value for the No-Project 
Altemativeof5,148 tiS/em to 5,279 tiS/em. There were 
138 months (out of 300) with a positive change in EC. 
The average increase in EC was 356 tiS/em and the 
maximum increase was 3,804 tiS/em. The simulated 
increases in EC raised the EC values for the No-Project 
Alternative by an average of 12. 91'/o, with a maximum 
change of95.8%. There were 162 months with reduced 
EC values. The average reduction in EC was 11.6 tiS/em 
with a maximum reduction of 99.6 tiS/em. The percent­
age change for the reductions averaged 0.3%. The maxi-
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mum percentage change was 1.6%. Table B2-3 allows 
the monthly results to be summarized as months with 
increased salinity (potential impacts) and months with 
reduced salinity (potential benefits). All simulated 
changes in salinity are directly related to simulated 
changes in effective outflow that are the result of reduced 
agricultural diversions from the OW project islands, 
increased diversions for habitat islands, diversions for 
storage on the reservoir islands, or releases from the 
habitat islands. The largest changes in salinity are caused 
by storage diversions during months with moderate 
outflows. 

Simulated Electrical Conductivity at Chipp• bland 

Figure B2-19 shows simulated patterns of monthly 
EC at Chipps Island for 1968-1991 for the No-Project 
Alternative. During periods ofhigh Delta inflow, salinity 
at Chipps Island is flushed and becomes similar to river 
inflow salinity. During periods of low Delta inflow, 
outflow is often directly controlled by 1995 WQCP mini­
mum Delta outflow requirements. The simulated average 
1922-1991 EC value for the No-Project Alternative at 
Chipps Island was 5,148 JJ.Sicm (Table B2-3). 

Simulated Electrical Conductivity at Emmaton 

Figure B2-19 shows simulated patterns of monthly 
EC at Emmatoo for 1968-1991 for the No-Project Alter­
native. EC is elevated less frequently at Emmaton than at 
Chipps Island because Emmaton is approximately 17 
kilometers upstream, and much lower effective outflow 
will be required for seawater intrusion to reach Emmaton. 
During periods oflow effective Delta outflow, the EC at 
Emmaton will remain considerably lower than EC at 
Chipps Island. 

Simulated maximum EC values at Emmaton were 
generally lower than historical values at Emmaton be­
cause effective Delta outflows simulated for the No-Pro­
ject Alternative were generally greater than historical out­
flows during periods of low hil!torical Delta outflow that 
produced elevated Emmaton EC values. The average 
simulated EC at Emmaton for the 1922-1991 period was 
1,050 J..lS/cm for the No-Project Alternative (Table B2-
3). 

Simulated Electrical Conductivity at Jeney Point 

Figure B2-19 shows simulated patterns of EC at 
Jersey Point for 1968-1991 for the No-Project Alterna­
tive. Simulated EC values for the No-Project Alternative 
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were generally lower than those for historical conditions 
at Jersey Point because the simulated outflows for the 
No-Project Alternative during low-flow periods were 
greater than historical outflows. 

Seawater intrusion has much less effect at Jersey 
Point than at Chipps Island. Seawater intrusion was 
s1rmger during summers of a few years for the simulated 
No-Project Alternative because simulated Delta outflows 
were less than historical outflows. However, in most 
water years, simulated EC values for the No-Project 
Alternative were lower than simulated values for histor­
ical conditions during several months at the end of these 
water years. For such years, assumed Delta outflow 
values for the No-Project Alternative as simulated by 
DeltaSOS were greater than historical Delta outflows. 
The simulated average EC value for Jersey Point for 
1922-1991 was 690 J..lS/cm for the No-Project Alterna­
tive (Table B2-3). 

Simulated Chloride Concentration• in Represen­
tative Delta Exports 

Figure B2-20 shows the simulated pattern of month­
ly average Cl" in representative Delta exports for the 
1968-1991 period for the No-Project Alternative. As 
described in the previous section, seawater intrusion 
effects in the exports are similar to those observed at 
Jcney Point, but the Cl" concentrations in the exports are 
reduced to about one third of those at Jersey Point by 
dilution in the Sacramento River diversions moving 
toward the export pumping plants (Denton 1993b ). 

Because c1· concentration (mg/1) is approximately 
one third of EC (J..lS/cm) in seawater, the resulting c1· 
coocentration estimates for representative Delta exports 
were about 10% of the Jersey Point EC values. Historical 
Cl· data for the CCWD intake indicate additional in­
fluences of San Joaquin River inflow, agricultural drain­
age, or temporary failure of the tidal gate on Sand Mound 
Slough. Because these other influences will not change 
with the ow project, these influences on Delta export Cl" 
concentrations will not change the impact assessment 
results. 

The average of simulated c1· concentrations in 
1 epn~sentative Delta exports for the 1922-1991 period for 
the No-Project Alternative was 75 mg/1. The 1995 
WQCP objectives include a c1· concentration ofless than 
250 mg/1 at all expoct locations, with some periods of ISO 
mg/1 required during some water-year types. These 
export Cl" concentrations are simulated indirectly in the 
DWRSIM model, using "carriage water" estimates (see 
"Carriage Water Calculations" in Appendix A2, "Delta-
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SOS: Delta Standards and Operations Simulatioo 
Model"). The simulated c1· concentrations, calculated 
using the "negative exponential" estimates of historical 
EC and Cl" data, were somewhat higher than 250 mg/1 
during some periods of low effective Delta outflow. 
Actual operations would, of course, protect CCWD 
exports, as required by the 1995 WQCP. 

Simulation Results for 
Alternative I 

Alternative 1 involves potential year-round diversioo 
and storage of surplus water on Bacon Island and Webb 
Tract (reservoir islands). Bouldin Island and Holland 
Tract (habitat islands) would be managed primarily as 
wildlife habitat 

Under Alternative 1, DW diversions could occur in 
any month with surplus flows. In De1taSOS modeling, it 
is assumed that discharges of water from the DW project 
islands would be exported in any month when unused 
capacity within the permitted pumping rate exists at the 
SWP and CVP pumps and the 1995 WQCP "percent 
inflow" export limits do not prevent use of that capacity. 
Such unused capacity would exist when the amount of 
available water (i.e., total inflow less Delta channel 
depletion and Delta outflow requirements) is less than the 
amount specified by the export limits. 

Water would be diverted to the reservoir islands 
(238-T AF water storage capacity) at a maximum average 
monthly diversion rate of 4,000 cfs, which would fill the 
two reseiVoir islands in one month. The maximum initial 
daily average diversion rate would be 9,000 cfs during 
several days when siphoning of water onto empty reser­
voirs begins; at this time, the maximum head differential 
would exist between island bottoms and channel water 
surfaces. The maximum initial daily average discharge 
rate would be 6,000 cfs, but the maximum monthly aver­
age discharge rate is assumed to be 4,000 cfs, allowing 
the two reservoir islands to empty in one month. 

-Chapter 2 presents a more complete description of 
DW project facilities and operations. Appendix A3 
presents monthly average approximations ofDW project 
operations under Alternative 1. 

Table B2-2 gives monthly simulated changes in EC 
and c1· values for Alternative 1 compared with EC and 
c1· simulated for the No-Project Alternative. Mean EC 
and c1· values for Alternative 1 and the No-Project 
Alternative were very similar. Simulated effects ofDW 
project operations on EC values were fairly small during 
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the diversion periods because the DW diversions 
generally were simulated to occur during mooths with 
high flows, corresponding to low EC values. However, 
SOOJe simulated DW diversions occurred in months with 
relatively low outflow requirements, so the potential 
change in EC and c1· was greater. Because DW dis­
charge for export would not change Delta outflow, DW 
discharges would not affect EC values unless the DW 
discharge EC was different from the No-Project Alter­
native export EC. 

Simulated Electrical Conductivity at Chipps bland 
andEmmaton 

Figure B2-21 shows simulated EC values for Chipps 
Island and Emmaton for Alternative 1 and the changes 
fran the No-Project Alternative conditions. Table B2-2 
indicates that average EC at Chipps Island was 5,279 
JJ.S/cm for Alternative 1, about 131 JJ.S/cm higher than for 
the No-Project Alternative. Average EC at Emmaton for 
Alternative 1 was 1,076 JJ.S/cm, about 26 JJ.S/cm higher 
than for the No-Project Alternative. 

Simulated Electrical Conductivity at Jeney Point 
and Chloride Concentrations in Delta Exports 

Figure B2-22 shows simulated EC values for Jersey 
Point for Alternative 1 and the changes from the No­
Project Alternative. Table B2-2 indicates that average 
EC at Jersey Point was 705 JJ.S/cm for Alternative 1, only 
about 15 JJ.S/cm higher than for the No-Project Alterna­
tive. 

Average Cl" concentration in representative Delta 
exports for Alternative 1 was 77 mg/1, about 2 mg/1 
higher than for the No-Project Alternative. 

Simulation Results for 
Alternative l 

Alternative 2 represents DW operations with two 
reservoir islands (Bacon Island and Webb Tract) and two 
habitat islands (Bouldin Island and Holland Tract). 
Chapter 2 provides a more complete description of 
Alternative 2. 

Under Alternative 2, DW diversions could occur in 
any month with surplus flows, as under Alternative 1. In 
DeltaSOS modeling, it is assumed that discharges from 
the DW project islands would be exported in any month 
when mused capacity within the permitted pumping rate 
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exists at the SWP and CVP pumps. Under this alter­
native, export ofDW discharges would be allowed in any 
month when such capacity exists and would not be 
coostrained by the 1995 WQCP "percent inflow" export 
limits. Export of OW discharges would be limited by 
Delta outflow requirements and the permitted combined 
pwnping rate of the export pumps but would not be 
subject to the "percent inflow" export limit 

The maximwn monthly average diversion rate to 
reservoir island storage would be 4,000 cfs (maximwn 
initial daily average diversion rate of 9,000 cfs). The 
maximwn monthly average discharge rate is asswned to 
be 4,000 cfs (maximwn initial daily average discharge 
rate of6,000 cfs). 

Table B2-2 gives monthly simulated changes in EC 
and c1· for Alternative 2 compared with EC and ct· 
simulated for the No-Project Alternative. OW project 
operation effects on EC values were quite small during 
the simulated diversion periods because OW diversions 
generally would occur during months with high flows, 
coo-esponding to low EC values. Because OW discharge 
for export would not change Delta outflow, OW dis­
charges would not affect EC values unless the OW 
discharge EC was different from No-Project Alternative 
exportEC. 

Simulated Electrical Conductivity at Chipps Island 
andEmmaton 

Figure B2-23 shows simulated EC values for Chipps 
Island and Emmaton for Alternative ·2 and the changes 
from the No-Project Alternative conditions. Table B2-3 
indicates that average EC at Chipps Island was 5,279 
f.J.S/cm for Alternative 2, about 131 f.J.S/cm higher than for 
the No-Project Alternative. Average EC at Emmaton for 
Alternative 2 was 1,076 f.J.S/cm, about 26 f.J.S/cm higher 
than for the No-Project Alternative. 

Simulated Electrical Conductivity at Jeney Point 
and Chloride Concentratio!• in Delta Exports 

Figure B2-24 shows simulated EC values for Jersey 
Point for Alternative 2 and the changes from the No­
Project Alternative. Table B2-3 indicates that average 
EC at Jersey Point was 705 f.J.S/cm for Alternative 2, only 
about 15 f.J.S/cm higher than for the No-Project Alterna­
tive. 

Average Cl" concentration in representative Delta 
exports for Alternative 2 was 77 mg/1, about 2 mg/1 
higher than for the No-Project Alternative. 
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Simulation Results for 
Alternative 3 

Alternative 3 involves storage of water on Bacon 
Island, Webb Tract, Bouldin Island, and Holland Tract, 
with secondaJy uses for wildlife habitat and recreation. 
The portion of Bouldin Island north of SR 12 would be 
managed as a wildlife habitat area and would not be used 
for water storage. Diversions to the reservoir islands 
( 406-T AF capacity) would be allowed during any month 
with available surplus flows. The diversion and dis­
charge operatioos for Alternative 3 would be the same as 
for Alternative 2, but the asswned diversion and dis­
charge rates are higher. The maximum average monthly 
diversioo rate would be about 7,000 cfs, which would fill 
the four reservoir islands in one month (maximwn initial 
daily average diversion rate of 9,000 cfs). The maximwn 
monthly discharge rate is assumed to be 4,000 cfs 
(maximwn initial daily average discharge rate of 8,000 
cfs). Chapter 2 provides a more complete description of 
Alternative 3. 

Table B2-2 gives monthly simulated changes in EC 
and c1· values for Alternative 3 compared with EC and 
c1· simulated for the No-Project Alternative. Effects of 
Alternative 3 on EC values were quite small during 
simulated diversion periods because the OW diversions 
generally were simulated to occur during months with 
high flows, corresponding to low EC values. Because 
OW discharge for export would not change Delta out­
flow, OW discharges would not affect EC values. 

Simulated Electrical Conductivity at Chipps Island 
andEmmaton 

Figure B2-25 shows simulated EC values for Chipps 
Island and Emmaton for Alternative 3 and the changes 
from the No-Project Alternative. Table B2-3 indicates 
that average EC at Chipps Island was 5,324 f.J.S/cm for 
Alternative 3, about 177 f.J.S/cm higher than for the No­
Project Alternative. Average EC at Emmaton for Alter­
native 3 was 1,082 f.J.S/cm, about 31 f.J.S/cm higher than 
for the No-Project Alternative. 

Simulated Electrical Conductivity at Jeney Point 
and Chloride Concentrations in Delta Exports 

Figure B2-26 shows simulated EC values at Jersey 
Point for Alternative 3 and the changes from the No­
Project Alternative. Table B2-3 indicates that average 
EC at Jersey Point was 709 f.J.S/cm for Alternative 3, 
about 19 f.J.S/cm higher than for the No-Project Alterna-
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tive. Average c1· concentration in Delta exports for 
Alternative 3 was 77 mg/1, about 26 mg/1 higher than for 
the No-Project Alternative. 
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Table 82-1. Summary of EC Measurements and RMA Model Simulation Results 
--

Station 

CCWD CVP Tracy CCWD 
Port Chipps Jersey Rock Pumping Chloride 

Benicia Chicago Island 1 Pittsburg Collinsville Rio Vista Antioch Emma ton Point Slough Plant (mg/1) 

Kilometer upstream 56 63 75 77 84 101 89 92 100 

Measured mean EC 16,792 9,957 6,241 4,061 2,542 249 1,809 810 694 500 497. 88 
(1968-1991) 

Summary of RMA Results {J.tS/cm} 

RMA mean model EC 14,604 9,540 7,049 3,309 2,421 191 1,509 532 547 292 369 45 
(1968-1991) 

Difference -1,188 -417 808 -752 -121 -59 -300 -278 -140 -208 -128 -43 

Standard deviation 3,050 2,337 2,471 1,777 1,190 95 1,123 585 564 210 150 59 

CV 2 of differences 0.19 0.23 0.39 0.44 0.47 0.38 0.62 0.72 0.81 0.42 0.30 0.67 

Coefficient Values for the Negative Exponential Equation Relating EC and Effective Outflow: 
EC = a+b*exP(Outflow*c) 

a 150 150 150 150 150 150 150 150 150 150 150 15 

b 33,000 32,000 30,000 30,000 25,000 15,000 20,000 10,000 8,000 5,000 5,000 1,667 

c -0.00006 -0.00010 -0.00025 -0.00025 -0.00030 -0.00080 -0.00035 -0.00040 -0.00040 -0.00050 -0.00050 -0.00050 

Effective Outflow (cfs) Corresponding to S~ecified EC Values 

X2 (3 mS/cm) 60,000 25,000 10,000 9,000 7,500 2,000 5,500 3,000 2,500 

"Entrapment zone" 
(5mS/cm) 40,000 18,000 7,500 7,000 5,500 1,400 4,000 2,000 1,000 
(15mS/cm) 15,000 7,000 3,500 3,000 2,000 -- 1,000 

Outflow model mean EC 17,006 10,783 -5,484 4,216 2,779 338 1,803 805 674 361 361 85 

Difference ·1,259 866 -548 69 257 87 4 2 -11 -138 -131 -3 

Standard deviation 3,368 2,827 2,202 1,798 1,302 260 981 626 425 280 264 80 

CV 2 of differences 0.21 0.28 0.35 0.44 0.51 1.00 0.54 0.77 0.61 0.56 0.53 0.91 
-

Notes: 1 Data for 1976-1991. 
2 Coefficient of variation= standard deviation/measured mean of difference. 



Water 

Year 

1968 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1969 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1970 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

Table B2-2. Monthly Simulated Effective Outflow (cfs), EC (JLS/cm), and Export Chloride (mgll) for the No-Project Alternative 
and Changes Resulting from Operations of the DW Alternatives for 1968-1991 

No-Project Alternative Alternative 1 Changes AlternatiVe 2 Changes Alternative 3 Changes 

Effective Chipps Eminaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chl~s Emmaton Jersey Export Effective Chipps Emmaton Jersey 

Outflow EC EC EC a- outflow • ec EC EC a- Outflow ec ... ec ec a- Outflow Ec ec EC 

13,816 1,257 175 165 17 (1,693) 583 33 20 2 (1,693) 583 33 20 2 (2,918) 1,188 82 49 
8,358 4,482 533 380 41 (35) 39 7 4 0 (35) 39 7 4 0 (57) 62 11 7 
7,021 6,200 897 598 I 65 (32) 49 12 7 1 (32) 49 12 7 1 (16) 25 6 4 

17,910 548 153 152 15 (31) 3 0 0 0 (31) 3 0 0 0 (24) 2 0 0 
59,217 150 150 150 15 (15) 0 0 0 0 (15) 0 0 0 0 (25) 0 0 0 
29,161 174 150 150 15 25 (0) (0) (0) (O) 25 (0) (0) (0) (0) (42) 0 0 0 
10,380 2,762 289 234 24 (0) 0 0 0 0 (0) 0 0 0 0 0 (0) (0) (0) 
7,930 4,970 624 434 47 (0) 0 0 0 0 (0) 0 0 0 0 0 (0) (0) (0) 
7,064 6,136 881• 589 64 55 (82) (20) (12) (1) 55 (82) (20) (12) (1) 104 (154) (37) (22) 
7,569 5,426 718 491 53 10 (13) (3) (2) (0) 10 (13) (3) (2) (0) 23 (SO) (6) (4) 
5,767 8,427 1,548 989 108 1 (2) (1) (0) (0) 1 (2) (1) (0) (0) 3 (6) (2) (1) 
4,666 11,051 2,575 1,605 177 0 (1) (O) (O) (0 0 111 (0) (0) (OI 1 (2) (1) (0) 

4,964 10,269 2,240 1,404 154 0 (0) (0) (0) (0) 0 (0) (0) (0) (O) 0 (1) (0) (0) 
5,411 9,197 1,821 1,152 126 0 (O) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) 

11,083 2,342 248 209 22 (2,573) 1,978 257 154 17 (2,573) 1,978 257 154 17 (3,839) 3,252 507 304 
105,340 150 150 150 15 (8,228) 0 0 0 0 (8,228) 0 0 0 0 (14,013) 0 0 0 
129,847 150 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (20) 0 0 0 
51,928 150 150 150 15 25 (0) (0) (0) (O) 25 (0) (0) (0) (O) (42) 0 0 0 
44,212 151 150 150 15 (25) 0 0 0 0 (25) 0 0 0 0 (77) 0 0 0 
55,817 150 150 150 15 (39) 0 0 0 0 (39) 0 0 0 0 (97) 0 0 0 
25,197 214 150 150 15 (49) 1 0 0 0 (49) 1 0 0 0 (104) 2 0 0 

8,113 4,754 583 410 44 1 (1) (0) (0) (0) 1 (1) (0) (0) (0) 2 (2) (0) (0) 
6,209 7,562 1,271 823 90 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) 

11,302 2,225 238 203 21 (2,826) 2,131 273 164 18 (2,826) 2,131 273 164 18 (4,218) 3,881 636 382 

17,016 647 155 153 15 (1,076) 153 4 2 0 (1,076) 153 4 2 0 (2,557) 445 13 8 
10,907 2,440 257 214 22 (29) 17 2 1 0 (29) 17 2 1 0 (21) 12 1 1 
46,466 150 150 150 15 (60) 0 0 0 0 (60) 0 0 0 0 (31) 0 0 0 

197,156 150 150 150 15 (0) 0 0 0 0 (0) 0 0 0 0 (11) 0 0 0 
83,351 150 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (20) 0 0 0 
30,331 168 150 150 15 25 (0) (0) (O) (O) 25 (0) (0) (O) (0) (42) 0 0 0 
11,623 2,065 225 195 20 (0) 0 0 0 0 (0) 0 0 0 0 0 (0) (0) (0) 
7,975 4,917 614 428 46 (0) 0 0 0 0 (0) 0 0 0 0 6 (8) (1) (1) 
7,660 5,307 693 476 51 55 (70) (15) (9) (1) 55 (70) (15) (9) (1) 106 (135) (28) (17) 
8,998 3,841 428 317 34 9 (8) (1) (1) (0) 9 (8) (1) (1) (0) 23 (21) (3) (2) 
6,280 7,432 1,232 799 87 1 (1) (0) (0) (0) 1 (1) (0) (0) (0) 1 (2) (1) (O) 

4,558 11,350 2,710 1,886 186 0 (0) (0) (0) 
-

(0) 0 (0) (0) (0) (0) 0 {1) {0) {0) 

~I 
a! 
1 
0 
0 
o, 
0 

(O) 
(O) 

(2)1 
(0) 

~~~ 
(0) 
(0) 
34 

~I 
0 
0 ~ 
0 

I 
0' 
(0) 
(0) 
42 

1 
0 
0 
0 
0 
0 
(0) 
(0) 
(2) 
(0) 
(0) 
{0) 



Table 82-2. Continued 

No-Project Alternative AHernative 1 Changes Aiternative 2 Changes Alternative 3 Changes 

Water Effective ChippS Errimaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chlptis EmiTiaton Jersey Export Effective ChippS Emrnaton Jersey EXport". 
Year Outflow EC EC EC a- Outflow EC EC EC a- Outflow EC .ec ... EC a- Outflow EC EO EC a-.• ... ···•· 
1971 
OCT 4,860 10,535 2,351 1,471 162 0 (0) (0) (0) (O) 0 (0) (0) (0) (0) 0 (0) (O) (0) {0) 
NOV 11,338 2,206 236 202 21 (2,494) 1,779 214 128 14 (2,494) 1,n9 214 128 14 (3,711) 3,144 466 279 31 

I 
DEC 58,991 150 150 150 15 (4,014) 0 0 0 0 (4,014) 0 0 0 0 (7,499) 0 0 0 0 
JAN 45,818 150 150 150 15 0 (0) (0) (O) (0) 0 (0) (0) (0) (0) (11) 0 0 0 0 
FEB 22,7n 268 150 150 15 (0) 0 0 0 0 (0) 0 0 0 0 0 (O) (0) (0) {0) 
MAR 43,558 151 150 150 15 (3,104) 1 o· 0 0 (2,310) 1 0 0 0 (2,387) 1 0 0 0 
APR 16,283 747 157 154 15 3 (0) (0) (0) (0) 2 (0) (0) (0) (0) 2 (0) (0) (0) (O) 
MAY 25,445 210 150 150 15 (182) 3 0 0 0 (156) 2 0 0 0 (261) 4 0 0 Oi 
JUN 12,768 1,588 192 175 18 70 (25) (1) (1) (O) 70 (25) (1) (1) (0) 133 (47) (3) (2) (O) 
JUL 9,714 3,236 344 267 28 (5) 4 0 0 0 (5) 4 0 0 0 (3) 2 0 0 0 
AUG 6,310 7,3n 1,216 789 88 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
SEP 6,117 7,735 1,324 855 93 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
1972 
OCT 7,640 5,333 698 479 52 (1 ,737) 2,818 758 455 51 (1,737) 2,818 758 455 51 (1,701) 2,747 735 441 49 
NOV 6,736 6,648 1,012 667 72 (429) 736 206 124 14 (429) 736 206 124 14 (417) 714 200 120 13 
DEC 10,987 2,395 253 212 22 (1 ,437) 970 108 65 7 (1 ,437) 970 108 65 7 (3,270) 2,839 425 255 28! 
JAN 9,468 3,431 370 282 30 (332) 284 40 24 3 (214) 180 25 15 2 (591) 523 76 45 5. 
FEB 16,899 662 155 153 15 (125) 16 0 0 0 (72) 9 0 0 0 (232) 31 1 0 ol 
MAR 22,432 278 150 150 15 (12) 0 0 0 0 (919) 33 0 0 0 (948) 34 0 0 o: 
APR 9,953 3,057 322 253 26 0 (0) (0) (0) (0) 16 (12) (1) (1) (0) 17 (12) (1) (1) (O) 
MAY 7,903 5,003 631 438 47 0 (0) (0) (0) (0) 1 (1) (0) (0) (0) 1 (1) (0) (0) (0) 
JUN 7,060 6,142 883 590 64 55 (82) (20) (12) (1) 55 (82) (20) (12) (1) 104 (154) (37) (22) (2) 
JUL 7,656 5,312 694 476 51 9 (12) (3) (2) (0) 9 (12) (3) (2) (0) 23 (29) (6) (4) {0) 
AUG 7,006 6,224 903 602 65 (3) 5 1 1 0 (3) 5 1 1 0 (1) 1 0 0 0 
SEP 4,583 11,280 2,678 1,667 184 (0) 1 0 0 0 (0) 1 0 0 0 (0) 0 0 0 0 
1973 

! 
OCT 5,204 9,679 2,003 1,262 139 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
NOV 11,839 2,057 224 195 20 (2,595) 1,741 197 118 13 (2,595) 1,741 197 118 13 (3,669) 2,865 390 234 26 
DEC 18,295 511 153 152 15 (943) 96 2 1 0 (943) 96 2 1 0 (2,397) 296 6 4 0 
JAN 71,002 150 150 150 15 (564) 0 0 0 0 (404) 0 0 0 0 (1,053) 0 0 0 0 
FEB 89,9n 150 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (20) 0 0 0 0 
MAR 55,634 150 150 150 15 25 {0) (0) (0) (0) 25 (0) (0) (0) (0) (42) 0 0 0 0 
APR 15,007 972 164 158 16 50 (10) (0) (0) (0) 50 (10) (0) (0) (0) 74 (15) (1) (0) (0) 
MAY 14,164 1,165 171 163 16 59 (15) (1) {0) (O) 59 (15) (1) (0) (0) 99 (25) (1) (1) {0) 
JUN 10,528 2,668 279 228 24 1 (0) (0) (0) (0) 1 (O) (0) (O) (0) 1 (1) (0) (0) {0) 
JUL 9,514 3,394 365 279 29 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) {0) 
AUG 5,930 8,097 1,439 923 101 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
SEP 4,692 10,981 2,544 1,587 175 0 J()l_ (0) (0) (OI 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 



Table 82-2. Continued 

No-Project Alternative Alternative 1 Changes Aiternative 2 Changes Alternative S Changes 

Water Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export. 
Year Oui:flow EC EO EO a- Outflow EO EC EC a- Outflow 

EC ·•·· 
EC EO a- Outflow EO EC EC a--·.,· 

1974 
OCT 5,254 9,561 1,958 1,235 136 0 (0) (0) (0) (0) 0 (0) (0) (O) (0) 0 (0) (0) (0) (0) 
NOV 40,244 151 150 150 15 (2,609) 1 0 0 0 (2,609) 1 0 0 0 (3,882) 2 0 0 0 
DEC 65,172 150 150 150 15 (41) 0 0 0 0 (41) 0 0 0 0 (819) 0 0 0 0 
JAN 125,805 150 150 150 I 15 0 0 0 0 0 0 0 0 0 0 (11) 0 0 0 0 
FEB 38,960 152 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (20) 0 0 0 0 
MAR 103,030 150 150 150 15 24 (0) 0 0 0 24 (0) 0 0 0 (42) 0 0 0 0 
APR 68,918 150 150 150 15 (25) 0 0 0 0 (25) 0 0 0 0 (77) 0 0 0 0 
MAY 19,915 391 151 151 15 60 (4) (0) (O) (0) 60 (4) (0) (0) (0) 101 (6) (0) (0) (0) 
JUN 12,594 1,652 196 178 18 67 (25) (2) (1) (0) 67 (25) (2) (1) (0) 128 (47) (3) (2) (0) 
JUL 8,372 4,466 530 378 40 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 1 (1) (O) (0) (0) 
AUG 6,234 7,516 1,257 814 89 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (O) (0) (0) 
SEP 8,425 4,410 520 372 40 (2,120) 2,977 699 419 47 (2,120) 2,977 699 419 47 (2,120) 2,977 699 419 47 
1975 
OCT 11,706 2,026 222 193 20 (1,733) 1,017 99 59 7 (1,733) 1,017 99 59 7 (3,663) 2,810 376 226 25 
NOV 8,964 3,872 433 320 34 (147) 139 22 13 1 (147) 139 22 13 1 (434) 426 68 41 5 
DEC 8,836 3,993 451 331 35 (53) 51 8 5 1 (53) 51 8 5 1 (86) 83 13 8 1 
JAN 6,949 6,311 925 615 67 (5) 8 2 1 0 (5) 8 2 1 0 (18) 27 7 4 0 
FEB 47,585 150 150 150 15 (20) 0 0 0 0 (20) 0 0 0 0 (67) 0 0 0 0 
MAR 81,701 150 150 150 15 25 (0) 0 0 0 25 (0) 0 0 0 (42) 0 0 0 0 
APR 19,925 390 151 151 15 50 (3) (0) (0) (O) 50 (3) (0) (0) (0) 74 (4) (O) (0) (0) 
MAY 27,523 186 150 150 15 (108) 1 0 0 0 (108) 1 0 0 0 (236) 2 0 0 0 
JUN 15,295 915 162 157 16 69 (13) (0) (0) (O) 69 (13) (0) (0) (0) 132 (25) (1) (0) (0) 
JUL 8,593 4,234 490 354 38 (1) 1 0 0 0 (1) 1 0 0 0 (3) 3 0 0 0 
AUG 6,252 7,482 1,247 808 88 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
SEP 6,730 6,658 1,014 669 73 (506) 878 249 149 17 (506) 878 249 149 17 (506) 878 249 149 17 
1976 
OCT 11,600 2,076 226 195 20 (2,623) 1,784 205 123 14 (2,623) 1,784 205 123 14 (4,135) 3,489 523 314 35 
NOV 11 '195 2,281 243 206 21 (436) 245 23 14 2 (436) 245 23 14 2 (1,343) 850 89 53 6 
DEC 6,871 6,432 955 633 69 (4) 6 1 1 0 (4) 6 1 1 0 (28) 45 11 7 1 
JAN 6,120 7,730 1,322 853 93 (1) 1 0 0 0 (1) 1 0 0 0 (6) 11 3 2 0 
FEB 9,332 3,545 385 291 31 16 (13) (2) (1) (0) 16 (13) (2) (1) (0) 25 (21) (3) (2) (0) 
MAR 9,680 3,262 348 269 28 65 (50) (6) (4) (0) 65 (50) (6) (4) (0) 51 (39) (5) (3) (0) 
APR 7,793 5,138 658 455 49 5 (6) (1) (1) (0) 5 (6) (1) (1) (0) 4 (5) (1) (1) (0) 
MAY 6,666 6,761 1,042 685 74 1 (1) (0) (0) (0) 1 (1) (0) (0) (0) 1 (1) (0) (0) (0) 
JUN 6,836 6,486 969 642 70 50 (79) (20) (12) (1) 50 (79) (20) (12) (1) 96 (151) (39) (23) (3) 
JUL 6,027 7,907 1,378 887 97 10 (19) (6) (4) (0) 10 (19) (6) (4) (0) 19 (36) (11) (7) (1) 
AUG 4,197 12.406 3,215 1,989 219 1 (4) (2) (1) (0) 1 (4) (2) (1) (0) 3 (8) (4) (2) (0) 
SEP 3,522 14,661 4,447 2,728 302 0 (2) (1) (1) (0) 0 (2) (1) (1) (0) 1 (3) (2) (1) (O) 



Table B2-2. Continued 

No-Project Alternative Alternative 1 Changes Alterl1atlve 2 Changes Alternative 3 Changes 

Water Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chipps • Ernmafuii Jersey Export Effective Chipps Emmaton Jersey EXport. 
Year Outflow EO EO EO a- Outflow EC EO EO a- Outflow EC EO EO a- Outflow EO EO EO t:r-: 
1977 16 (24) (6) (4) (0) 2 (3) (1) (1) (0) 
OCT 3,254 15,666 5,063 3,098 343 0 (1) (1) (0) (0) 0 (1) (1) (0) (0) 0 (2) (1) (1) (0) 
NOV 4,190 12,428 3,227 1,996 I 220 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (1) (O) (0) (0) 
DEC 5,890 8,177 1,465 939 103 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
JAN 4,931 10,351 2,274 1,424 157 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
FEB 6,908 6,374 941 624 68 0 (0) (0) (0) (0) 0 (O) (0) (0) (0) 0 (0) (0) (0) (0) 
MAR 6,900 6,387 944 626 68 16 (24) (6) (4) (0) 16 (24) (6) (4) (0) 2 (3) (1) (1) (0) 
APR 6,898 6,390 945 627 68 4 (6) (2) (1) (0) 4 (6) (2) (1) (0) 1 (1) (0) (0). (0) 
MAY 5,107 9,912 2,095 1,317 145 1 (1) (1) (0) (0) 1 (1) (1) (0) (0) 0 (0) (0) (0) (0) 
JUN 4,399 11,804 2,922 1,813 200 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (O) 
JUL 4,166 12,502 3,264 2,018 223 0 (O) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
AUG 3,741 13,886 4,000 2,460 272 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
SEP 3,355 15,279 4,821 2,953 326 0 (0) (0) (0) (0) 0 (0) (O) (0) (0) 0 (0) (0) (0) JO} 
1978 25 (0) (0) (0) (O) (42) 0 0 0 0 
OCT 3,178 15,965 5,254 3,213 355 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (O) 
NOV 3,347 15,310 4,841 2,964 328 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0), 
DEC 5,047 10,060 2,154 1,352 149 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
JAN 38,413 152 150 150 15 (2,451) 2 0 0 0 (2,451) 2 0 0 0 (3,802) 4 0 0 0 
FEB 53,369 150 150 150 15 (13) 0 0 0 0 (13) 0 0 0 0 (698) 0 0 0 ~I MAR 61,156 150 150 150 15 25 (0) (0) (0) (0) 25 (0) (0) (O) (0) (42) 0 0 0 
APR 36,875 153 150 150 15 (25) 0 0 0 0 (25) 0 0 0 0 (77) 0 0 0 o: 
MAY 15,862 814 159 155 18 60 (10) (O) (0) (0) 60 (10) (0) (0) (0) 101 (17) (0) (0) (0) 
JUN 9,071 3,774 418 311 33 (1) 1 0 0 0 (1) 1 0 0 0 (2) 2 0 0 0 
JUL 8,176 4,683 569 402 43 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
AUG 5,862 8,233 1,483 950 104 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
SEP 5,424 9,170 1,810 1,146 126 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
1979 25 (0) (0) (0) (0) (40) 1 0 0 0 

551 OCT 7,858 5,058 642 445 48 (2,005) 3,195 848 509 57 (2,005) 3,195 848 509 57 (1,972) 3,127 826 496 
NOV 6,799 6,546 985 651 71 (626) 1,084 307 184 20 (626) 1,084 307 184 20 (615) 1,063 301 180 20 I 
DEC 5,450 9,111 1,789 1,133 124 (120) 273 101 61 7 (120) 273 101 61 7 (118) 267 99 60 7 
JAN 15,311 912 162 157 16 (2,691) 731 34 20 2 (2,691) 731 34 20 2 (4,082) 1,352 79 48 5 I 

FEB 38,456 152 150 150 15 (1,032) 1 0 0 0 (1,032) 1 0 0 0 (2,481) 2 0 0 0 
MAR 26,115 201 150 150 15 25 (0) (0) (0) (0) 25 (0) (0) (0) (0) (40) 1 0 0 0 
APR 14,455 1,093 168 161 16 50 (12) (0) (0) (0) 50 (12) (0) (0) (0) 74 (17) (1) (O) (0) 
MAY 12,491 1,691 198 179 18 59 (22) (1) (1) (0) 59 (22) (1) (1) (0) 98 (37) (2) (1) (0) 
JUN 11,014 2,379 251 211 22 3 (2) (0) (0) (0) 3 (2) (0) (0) (0) 5 (3) (0) (0) (0) 
JUL 7,003 6,227 904 602 65 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
AUG 5,243 9,585 1,967 1,240 136 0 (0) (0) (O) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (O) 
SEP 4,044 12,885 3,460 2,136 236 0 (0) (O) (0) (O) 0 (0) (0) (O) (0) 0 (0) {0) (0) (0) 



Table 82-2. Continued 

No-Project Alternative Alternative 1 Changes AlternatiVe 2 Changes Alterhative 3 Changes >· 

Water Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chipps Emmatoii Jersey Export Effective Chipps Emmaton Jersey ~--
Year Outflow ec EC EC a- Outflow EC EC EC a- Outflow EC EC EC Cl"" Outflow EO EC EC or'< 
1980 
OCT 4,020 12,961 3,499 2,160 238 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
NOV 7,107 6,071 865 579 63 (1,630) 2,979 901 541 60 (1,630) 2,979 901 541 60 (1,607) 2,927 882 529 59 
DEC 10,949 2,416 . 255 213 22 (1,722) 1,220 143 86 10 (1,722) 1,220 143 86 10 (3,513) 3,188 502 301 33 
JAN 96,644 150 150 150 I 15 (4,727) 0 0 0 0 (4,719) 0 0 0 0 (11,816) 0 0 .o 0 
FEB 127,706 150 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (19) 0 0 0 0 
MAR 63,895 150 150 150 15 25 (0) (0) (0) (0) 25 (0) (0) (0) (0) (42) 0 0 0 0 
APR 15,046 964 164 158 16 50 (10) (0) (0) (0) 50 (10) (0) (0) (0) 74 (15) (0) (0) (O) 
MAY 12,392 1,730 201 181 18 58 (23) (1) (1) (0) 58 (23) (1) (1) (0) 98 (38) (2) (1) (0) 
JUN 7,983 4,907 612 427 46 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
JUL 7,998 4,889 608 425 46 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (O) 
AUG 5,847 8,265 1,494 956 105 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
SEP 5,564 8,860 1,698 1,079 118 0 (0) (0) (O) (0) 0 (0) (0) (0) (O) 0 (0) (0) (0) (0 
1981 
OCT 7,791 5,140 658 455 49 (1,931) 3,097 826 496 55 (1,931) 3,097 826 496 55 (1 ,897) 3,028 804 482 54 
NOV 6,426 7,171 1,156 754 82 (426) 790 239 143 16 (426) 790 239 143 16 (416) 769 232 139 15 
DEC 7,022 6,199 897 598 65 (1,001) 1,719 485 291 32 (1,001) 1,719 485 291 32 (1,079) 1,873 534 320 38 
JAN 15,348 905 162 157 16 (901) 191 7 4 0 (901) 191 7 4 0 (2,781) 758 35 21 2 
FEB 20,361 365 151 151 15 (76) 4 0 0 0 (76) 4 0 0 0 (369) 21 0 0 0 
MAR 25,477 210 150 150 15 (6) 0 0 0 0 (615) 10 0 0 0 (718) 12 0 0 0 
APR 12,304 1,765 203 182 19 0 (0) (0) (0) (0) 6 (3) (0) (0) (0) 7 (3) (0) (0) (0) 
MAY 7,982 4,908 612 427 46 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
JUN 6.495 7,050 1,122 733 80 55 (94) (26) (16) (2) 55 (94) (26) (16) (2) 105 (178) (50) (30) (3) 
JUL 6,934 6,334 930 618 67 11 (17) (4) (3) (0) 11 (17) (4) (3) (0) 26 (39) (10) (6) (1) 
AUG 5,356 9,323 1,867 1,180 129 2 (4) (1) (1) (0) 2 (4) (1) (1) (O) 4 (8) (3) (2) (0) 
SEP 4,131 12,612 3,319 2,052 226 0 (1) (1) (0) (0) 0 (1) (1) (0) (0) 1 (2) (1) (1) (01 
1982 
OCT 4,503 11,504 2,781 1,729 190 0 (0) (O) (0) (0) 0 (0) (0) (0) (0) 0 (1) (1) (O) (0) 
NOV 17,638 576 154 152 15 (2,381) 346 8 5 1 (2,381) 346 8 5 1 (3,543) 607 18 11 1 
DEC 85,974 150 150 150 15 (1 ,407) 0 0 0 0 (1,407) 0 0 0 0 (3,104) 0 0 0 0 
JAN 77,881 150 150 150 15 (352) 0 0 0 0 (123) 0 0 0 0 (135) 0 0 0 0 
FEB 94,845 150 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (20) 0 0 0 0 
MAR 79,101 150 150 150 15 25 (0) 0 (0) 0 25 (0) 0 (0) 0 (42) 0 0 0 0 
APR 139,945 150 150 150 15 (25) 0 0 0 0 (25) 0 0 0 0 (77) 0 0 0 0 
MAY 46,703 150 150 150 15 (39) 0 0 0 0 (39) 0 0 0 0 (97) 0 0 0 0 
JUN 16,998 650 155 153 15 32 (4) (0) (0) (0) 32 (4) (0) (0) (0) 95 (12) (0) (0) (0) 
JUL 8,302 4,542 544 386 41 (1) 1 0 0 0 (1) 1 0 0 0 (3) 3 0 0 0 
AUG 6,276 7,438 1,234 800 87 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
SEP 13,292 1.412 182 169 17 (2,84~_1 ,3~ 102 61 

-
7 (2,842) 1,306 102 

-
61 7 (4,241) 2,381 238 143 16 
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Table 82-2. Continued 

No-Project Alternative Alternative 1 Changes Alternative 2 Chahges Alternative 3 Changes 

Water Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chipps Emrriaton Jersey Export Effective Chipps Emmaton Jersey EiiPOrt• 
Year Outflow EC EC EC a- Outflow EC EC EC a- Outflow EC EC EC a- Outflow EC EC EC cr· · ,., ..... 

1983 
OCT 29,889 170 150 150 15 (1,363) 8 0 0 0 (1.363) 8 0 0 0 (2,945) 22 0 0 0 
NOV 43,749 151 150 150 I 15 (52) 0 0 0 0 (52) 0 0 0 0 (62) 0 0 0 0 
DEC 86,205 150 150 150 15 (34) 0 0 0 0 (34) 0 0 0 0 (11) 0 0 0 0 
JAN 101,369 150 150 150 15 0 (0) 0 0 0 0 (0) 0 0 0 (11) 0 0 0 0 
FEB 181,018 150 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 {20) 0 0 0 0 
MAR 256,037 150 150 150 15 25 0 0 0 0 25 0 0 0 0 (42) 0 0 0 0 
APR 105,749 150 150 150 15 (25) 0 0 0 0 (25) 0 0 0 0 (77) 0 0 0 0 
MAY 78,406 150 150 150 15 {39) 0 0 0 0 (39) 0 0 0 0 (97) 0 0 0 0 
JUN 70,952 150 150 150 15 (49) 0 0 0 0 (49) 0 0 0 0 (104) 0 0 0 0 
JUL 28,552 178 150 150 15 (52) 0 0 0 0 (52) 0 0 0 0 (110) 1 0 0 0 
AUG 8,682 4,144 476 345 37 (54) 55 9 5 1 (54) 55 9 5 1 (114) 115 19 11 1 
SEP 20,592 353 151 151 15 (89) 5 0 0 0 (89) 5 0 0 0 (166) 9 0 0 0 
1984 
OCT 32,998 159 150 150 15 (67) 0 0 0 0 (67) 0 0 0 0 (74) 0 0 0 0 
NOV 76,960 150 150 150 15 (38) 0 0 0 0 (38) 0 0 0 0 (21) 0 0 0 0 

DEC 152,706 150 150 150 15 (34) 0 0 0 0 (34) 0 0 0 0 (11) 0 0 0 0 
JAN 75,962 150 150 150 15 0 (0) 0 0 0 0 (0) 0 0 0 (11) 0 0 0 0 
FEB 41,156 151 150 150 15 (7) 0 0 0 0 (7) 0 0 0 0 (19) 0 0 0 0 
MAR 30,795 166 150 150 15 25 (0) (0) (0) (0) 25 (0) (0) (0) (0) (42) 0 0 0 0 

APR 12,661 1,627 195 1n 18 50 (16) (1) (1) (0) 50 {18) (1) (1) (0) 74 (27) (2) (1) (0) 

MAY 9,241 3,623 396 298 31 57 (49) (7) (4) (0) 57 (49) (7) (4) (0) 95 (81) {11) (7) (1) 
JUN 8,391 4,446 527 376 40 65 (70) {12) (7) (1) 65 (70) (12) (7) (1) 123 (130) {22) {13) (1) 

JUL 8,760 4,067 463 338 36 13 (13) (2) (1) (0) 13 (13) (2) (1) (O) 24 (24) (4) (2) (0) 

AUG 6,265 7,460 1,240 804 88 1 (2) (0) (0) (0) 1 (2) (0) (0) (0) 2 (3) (1) (1) (0) 

SEP 5,817 8,325 1,514 968 106 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (1) (0) (0) (0 

1985 
OCT 8,376 4,462 529 378 40 (2,062) 2,945 695 417 46 (2,062) 2,945 695 417 46 (2,047) 2,882 en 406 45 

NOV 25,347 212 150 150 15 (3,268) 78 0 0 0 (3,268) 78 0 0 0 (5,230) 167 1 1 0 

DEC 2o.on 381 151 151 15 (43) 2 0 0 0 (43) 2 0 0 0 (43) 3 0 0 O' 

JAN 6,873 6,429 955 633 69 16 (25) (6) (4) (0) 16 (25) (6) (4) (0) 19 (30) (8) (5) (1) 

FEB 13,170 1,451 185 171 17 28 (9) (0) (0) (0) 28 (9) (0) (0) (0) 44 (14) (1) (0) (0) 

MAR 14,054 1,193 172 163 16 70 (18) (1) (0) (O) 70 (18) (1) (0) (0) 55 (14) (1) (0) (0) 

APR 8,235 4,616 557 394 42 (1) 1 0 0 0 (1) 1 0 0 0 (1) 1 0 0 0 

MAY 9,670 3,270 349 269 28 (0) 0 0 0 0 (0) 0 0 0 0 (O) 0 0 0 0 

JUN 6,631 6,819 1,058 695 76 59 (98) (26) (16) (2) 59 (98) (26) (16) (2) 112 (185) (50) (30) (3) 

JUL 7,028 6,189 894 597 65 11 (17) (4) (3) (0) 11 (17) (4) (3) (0) 26 (40) (10) (6) (1) 

AUG 6,106 7,754 1,330 858 94 2 (4) (1) (1) (0) 2 (4) (1) (1) (0) 5 (9) (3) (2) (O) 

SEP 4,450 1_1,6~ 2,851 1,n1 195 0 (1) (0) (0) (0) 0 (1) (0) (0) (0 1 (2) (1) (1) (0) 



Table B2-2. Continued 

No-Project Alternative Alternative 1 Changes AlteriiatMi 2 dhtinges Alternative 3 Changes I 
Water Effective ChippS Emmaton Jersey Export Eftactilie Chipps Emmaton Jersey Export Effective Chipp$ Emmatoii Jersey Export Effective Chipps Emmaton Jersey Exf:iort •• 
Year Outflow EC EC EC a- · Outflow EC EC EC a- Outflow 

EC: ' 
EC EC a- Outflow EC EC EC q~- . I 

1986 
OCT 4,583 11,280 2,678 1,667 184 0 (0} (0} (0) (0} 0 (0} (0} (0} (0} 0 (1} (0} (0} (0} 
NOV 4,950 10,305 2,255 1,413 155 0 (0} (0} (0) (0} 0 (0} (0} (0} (0} 0 (0} (0} (0} (0} 
DEC 6,330 7,341 1,205 783 85 (254} 472 143 86 10 (254} 472 143 86 10 (254) 472 143 86 10 
JAN 9,858 3,127 331 259 27 (1,890} 1,798 284 171 19 (1,890} 1,798 284 171 19 (1 ,887) 1,795 284 170 19 
FEB 190,644 150 150 150 

I 
15 (14,711} 0 0 0 0 (14,711} 0 0 0 0 (17,093} 0 0 0 0 

MAR 149,241 150 150 150 15 25 0 0 0 0 25 0 0 0 0 (42) 0 0 0 0 
APR 28,310 180 150 150 15 (25} 0 0 0 0 (25} 0 0 0 0 (77) 1 0 0 0 
MAY 11,409 2,170 233 200 21 60 (30} (2) (1) (0} 60 (30} (2} (1} (0} 101 (51) (4) (2} (0} 
JUN 7,970 4,922 615 429 46 63 (75} (15) (9} (1) 63 (75) (15} (9} (1} 120 (142) (27} (16} (2} 
JUL 7,996 4,892 609 425 46 13 (15} (3} (2) (0} 13 (15) (3} (2} (0} 24 (28) (5} (3} (0} 
AUG 6,197 7,585 1,278 827 90 1 (3} (1} (0} (0} 1 (3} (1} (0} (0} 3 (5) (1} (1} (0} 
SEP 4,662 11,061 2,580 1,608 177 0 (1) (0} (0} (0} 0 (1) (O) (0} (0} 0 (1) (1) (0} (O) 
1987 
OCT 4,537 11,409 2,737 1,702 187 (6} 16 8 5 1 (6} 16 8 5 1 25 (70} (32} (19} (2} 
NOV 5,144 9,824 2,080 1,296 142 (3} 7 3 2 0 (3) 7 3 2 0 12 (29} (11} (7) (1) 
DEC 4,793 10,710 2,426 1,516 167 (1) 2 1 1 0 (1) 2 1 1 0 4 (10} (4} (3} (0) 
JAN 5,394 9,238 1,836 1,161 127 (0) 1 0 0 0 (0} 1 0 0 0 2 (4) (1} (1) (0) 
FEB 9,980 3,037 320 252 26 15 (11} (1} (1} (0} 15 (11) (1) (1) (0} 29 (21} (2} (1) (O) 
MAR 22,185 287 150 150 15 (885} 34 0 0 0 (885} 34 0 0 0 (894) 34 0 0 0 
APR 10,612 2,616 274 224 23 14 (9} (1} (1) (0} 14 (9} (1) (1} (0} 14 (9} (1} (1} (O) 
MAY 7,942 4,956 621 433 46 1 (1} (0) (0} (0} 1 (1} (0) (0} (0} 1 (1) (0) (0) (O) 
JUN 6,490 7,059 1,124 734 80 55 (94} (26} (16} (2} 55 (94) (26} (16) (2) 105 (178} (50} (30} (3) 
JUL 7,015 6,209 899 600 65 12 (18} (4} (3) (0} 12 (18} (4} (3) (0} 27 (41} (10} (6) (1) 
AUG 5,804 8,352 1,523 974 107 2 (4) (1} (1) (0} 2 (4) (1) (1) (0) 4 (9) (3} (2} (O) 
SEP 4,232 12,300 3,163 1,958 216 0 (1) (1) . (0} (0} 0 (1) (1) (0) (0} 1 _(2) (1} (1) (0) 
1988 
OCT 4,100 12,708 3,368 2,081 230 0 (0) (0) (0} (0} 0 (0) (0} (0} (0} 0 (1} (0} (0) (0) 
NOV 4,458 11,632 2,841 1,784 194 0 (0) (0) (0} (0} 0 (0) (0} (0} (0} 0 (O) (0) (O) (0} 

DEC 5,922 8,114 1,444 927 101 (36} 73 24 14 2 (36} 73 24 14 2 (36) 73 24 14 2 
JAN 14,277 1,136 170 162 16 (2,688) 945 56 34 4 (2,688} 945 56 34 4 (4,177) 1,816 140 84 9 
FEB 11,566 2,092 227 196 20 (135} 67 5 3 0 (135} 67 5 3 0 (311} 157 13 8 1 

MAR 8,176 4,683 569 402 43 62 (70) (13) (8) (1} 62 (70} (13} (8} (1) 40 (46} (8} (5} (1) 

APR 7,471 5,557 747 508 55 10 (13} (3) (2} (0) 10 (13) (3) (2) (O} 6 (9} (2) (1} (O) 
MAY 6,715 6,682 1,021 672 73 2 (3} (1) (O} (0} 2 (3} (1) (0} (0) 1 (2} (1) (0) (0) 

JUN 6,849 6,465 964 638 69 51 (80} (20) (12} (1} 51 (80} (20} (12} (1) 97 (151} (38) (23} (3} 

JUL 5,836 8,286 1,501 961 105 9 (19} (6) (4) (0} 9 (19) (6) (4} (0) 17 (35} (12} (7) (1} 
AUG 4,169 12,495 3,280 2,016 222 1 (5) (2) (1) (0} 1 (5) (2} (1) (0) 3 (9} (4) (3} (0) 

SEP 3,512 14,696 4,468 2,741 303 0 (2) (1) (1) (0) 0 (2) (1) (1) (O) 1 (3) (2) (1) (0) 
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Table B2-2. Continued 

No-Project Alternative Alternative 1 Changes Aiterna1ive 2 Change!i Alternative 3 Changes 

Water Effective Chipps Emmaton Jersey Export Effective Chipps Emmaton Jersey Export Effective Chlpj:ls Einrriaton Jersey Export Effective Chipps Emmaton Jersey EXPort· 
Year Outflow EC EC EC a- Outflow EC EC EC a- Outflow EC EC EC a- OutfloW EC EC EC Cl;.. 

,.,. 

1989 
OCT 3.250 15,682 5,074 3,104 343 0 (1) (1) (0) (0) 0 (1) (1) (0) (O) 0 (2) (1) (1) (0) 
NOV 3,918 13,293 3,675 2,265 I 250 0 (O) (0) (0) (0) 0 (0) (0) (0) (0) 0 (1) (0) (0) (0) 
DEC 4,813 10,658 2,404 1,502 165 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) . (O) 
JAN 5,416 9,188 1,817 1,150 126 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 
FEB 7,241 5,876 819 551 60 16 (22) (5) (3) (0) 16 (22) (5) (3) (0) 27 (39) (9) (5) (1) 
MAR 25,740 206 150 150 15 (2,809) 57 0 0 0 (2.809) 57 0 0 0 (2,808) 57 0 0 0 
APR 17,822 556 153 152 15 56 (6) (0) (0) (0) 56 (6) (0) (0) (0) 80 (8) (O) (0) (O) 
MAY 10,482 2,697 282 229 24 (1) 1 0 0 0 (1) 1 0 0 0 (1) 1 0 0 0 
JUN 6,654 6,782 1,048 689 75 61 (100) (27) (16) (2) 61 (100) (27) (16) (2) 115 (188) (50) (30) (3) 
JUL 7,109 6,069 865 579 63 12 (18) (4) (3) (0) 12 (18) (4) (3) (0) 28 (41) (10) (6) (1) 
AUG 6,364 7,281 1,188 n3 84 (3) 5 2 1 0 (3) 5 2 1 0 (0) 0 0 0 0 
SEP 4,531 11,425 2,744 1,707 188 (0) 1 1 0 0 (0) 1 1 0 0 (0) 0 0 0 0 
1990 
OCT 4,215 12,352 3,188 1,973 218 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
NOV 4,380 11,860 2,948 1,829 202 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
DEC 5,588 8,850 1,695 t,on 118 (0) 0 0 0 0 (0) 0 0 0 0 (0) 0 0 0 0 
JAN 7,133 6,033 856 574 62 (655) 1,047 274 164 18 (655) 1,047 274 164 18 (653) 1,043 273 164 18 
FEB 10,376 2,765 290 234 24 (306) 208 23 14 2 (306) 208 23 14 2 (291) 198 22 13 1 
MAR 7,695 5,262 683 470 51 47 (60) (12) (7) (1) 47 (60) (12) (7) (1) 32 (41) (9) (5) (1) 
APR 9,703 3,245 345 267 28 15 (12) (1) (1) (0) 15 (12) (1) (1) (0) 10 (8) (1) (1) (0) 
MAY 6,455 7,120 1,142 745 81 1 (1) (0) (0) (0) 1 (1) (0) (0) (0) 0 (1) (0) (0) (0) 
JUN 6,n5 6,583 995 657 71 50 (79) (21) (12) (1) 50 (79) (21) (12) (1) 95 (151) (39) (23) (3) 
JUL 5,891 8,175 1,464 939 103 10 (19) (6) (4) (0) 10 (19) (6) (4) (0) 18 (36) (12) (7) (1) 
AUG 4,199 12,400 3,212 1,987 219 2 (5) (2) (1) (O) 2 (5) (2) (1) (0) 3 (9) (4) (3) (0) 
SEP 3,522 14,659 4,446 2,728 301 0 (2) (1) (1) (0) 0 (2) (1) (1) (0) 1 (3) (2) (1) (O)i 
1991 (o~l OCT 3,254 15,665 5,062 3,097 343 0 (1) (1) (0) (0) 0 (1) (1) (0) (0) 0 (2) (1) (1) 
NOV 3,700 14,027 4,080 2,508 277 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (1) (1) (0) (OJ I 
DEC 4,135 12,598 3,312 2,047 226 0 (0) (O) (0) (0) 0 (0) (O) (0) (0) 0 (0) (0) (0) (0) 

JAN 4,636 11,133 2,612 1,627 179 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (O) (0) (0)~ 

FEB 6,825 6,504 974 644 70 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0) (O) (0) (0) 

MAR 17,624 577 154 152 15 7 (1) (O) (0) (0) 7 (1) (0) (0) (0) (6) 1 0 0 0 

APR 11,447 2,151 232 199 20 (0) 0 0 0 0 (0) 0 0 0 0 0 (0) (0) (0) (o)l 
MAY 5,979 8,001 1,408 905 99 0 (0) (0) (0) (0) 0 (0) (0) (0) (O) (0) 0 0 0 0 

JUN 6,717 6,678 1,020 672 73 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 33 (53) (14) (8) (1): 
JUL 4,868 10,514 2,342 1,465 161 0 (0) (0) (0) (O) 0 (0) (0) (0) (0) 4 (11) (5) (3) (0) 
AUG 3,964 13,143 3,595 2,217 245 0 (0) (0) (0) (0) 0 (0) (0) (0) (0) 1 (4) (2) (1) (O) 
SEP 3,¥1 _!4,958 4,625 2,835 313 0 (O) (O) (O) (0 0 (0) (0) (0) (0) 0 (2L__ (1) (1) (Oll 

Note: Negative values shown in parentheses. 



Table B2-3. Summary of DeltaDWQ-Simulated Changes in EC (J.LS/cm) and Export Chloride (mg/1) from the 
No- Project Alternative Resulting from DW Project Alternatives for 1967-1991 

i 

I 

Alternative 1 

Chipps Island EC ijJS/cm) 

No-Project Average 5.148 
Alt. 1 Average 5,279 
Alt. 1 Average Change 131 

Months(#) 

Maximum 

Average 

Minimum 

Changes in EC 
x>O % x<=O 

138 

3,804 

356 

0.0 

162 

95.8 0.0 

12.9 -11.6 

0.0 -99.6 

Alternative 1 
Emmaton EC ijJS/cm) 

No-Project Average 1,050 
Alt. 1 Average 1,076 
Alt. 1 Average Change 26 

Changes in EC 

x>O % x<=O 

124 176 

0.0 

-0.3 

-1.6 

% 

Months(#) 

Maximum 

Average 

Minimum 

901 198 0.0 0.0 

79.4 16.5 -2.3 -0.3 

0.0 0.0 -26.8 -2.6 

Alternative 1 

Jersey EC ijJS/cm) 

I No-Project Average 
Alt. 1 Average 

690 
705 

15 Alt. 1 Average Change 

Months(#) 

Maximum 

Average 

Minimum 

Changes in EC 
x>O % x<=O 

124 

541 

47.7 

0.0 

176 

162 0.0 

13.0 -1.4 

0.0 -16.1 

Alternative 1 

Export Chloride (mg/1) 

No-Project Average 
Alt. 1 Average 
Alt. 1 Average Change 

75 
77 

2 

Changes in EC 
x>O % x<=O 

125 175 

% 

0.0 

-0.3 

-2.3 

% 

Months(#) 

Maximum 

Average 

Minimum 

60.1 170 0.0 0.0 

5.3 13.6 -0.2 -0.3 

0.0 0.0 -1.8 -2.4 

Alternative 2 

Chipps Island EC ijJS/cm) 

No-Project Average 5,148 
Alt. 2 Average 5,279 
Alt. 2 Average Change 131 

Months(#) 

Maximum 

Average 

Minimum 

Changes in EC 

x>O % x<=O 

138 

3,804 

356 

0.0 

162 

95.8 0.0 

13.0 -11.7 

0.0 -99.6 

Alternative 2 

Emmaton EC ijJS/cm) 

No-Project Average 1,050 
Alt. 2 Average 1,076 
Alt. 2 Average Change 26 

Changes in EC 

0.0 

-0.3 

-1.6 

x>O % x<=O % 

. 123 177 Months(#) 

Maximum 

Average 

Minimum 

901 198 0.0 0.0 

80.0 16.6 -2.3 -0.3 

0.0 0.0 -26.8 -2.6 

Alternative 2 

Jersey EC ijJS/cm) 

No-Project Average 690 
Alt. 2 Average 705 
Alt. 2 Average Change 15 

Months(#) 

Maximum 

Average 

Minimum 

Changes in EC 

x>O % x<=O 

124 

541 

47.6 

0.0 

176 

162 0.0 

13.0 -1.4 

0.0 -16.1 

Alternative 2 

Export Chloride (mg/Q 

No-Project Average 75 
Alt. 2 Average 77 
Alt. 2 Average Change 2 

Changes in EC 

x>O % x<=O 

124 176 

% 

0.0 

-0.3 

-2.3 

% 

Months(#) 

Maximum 

Average 

Minimum 

60.1 170 0.0 0.0 

5.3 13.7 -0.2 -0.3 

0.0 0.0 -1.8 -2.4 

Alternative 3 

Chipps Island EC ijJS/cm) 

No-Project Average 5,148 
Alt. 3 Average 5,324 
Alt. 3 Average Change 177 

Months(#) 

Maximum 

Average 

Minimum 

Changes in EC 
x>O % x<=O 

146 

3,881 

465 

0.0 

154 

174 0.0 

20.3 -22.0 

0.0 -188 

Alternative 3 

Emmaton EC ijJS/cm) 

No-Project Average 1,050 
Alt. 3 Average 1,082 
Alt. 3 Average Change 31 

Changes in EC 

x>O % x<=O 

128 172 

0.0 

-0.5 

-3.0 

Months(#) 

Maximum 

Average 

Minimum 

882 267 0.0 0.0 

98.7 25.6 -4.5 -0.5 

0.0 0.0 -50.2 -4.8 

Alternative 3 

Jersey EC ijJS/cm) 

No-Project Average 690 
Alt. 3 Average 709 
Alt. 3 Average Change 19 

Changes in EC 

x>O % x<=O % 

Months(#) 

Maximum 

Average 

Minimum 

127 

529 

59.7 

0.0 

173 

188 0.0 

19.4 -2.7 

o.p -30.1 

Alternative 3 

Export Chloride (mg/0 

No-Project Average 
Alt. 3 Average 
Alt. 3 Average Change 

75 
77 

2 

Changes in EC 

x>O % x<=O 

126 174 

0.0 

-0.5 

-4.4 

% 

Months(#) 

Maximum 

Average 

Minimum 

58.8 203 0.0 0.0 

6.7 20.8 -0.3 -0.5 

0.0 0.0 -3.3 -4.5 



Tidal Exchange ..... 
------------

Net Flow 

Diversions 
(Export) 

Evaporation Rain 
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Note: Water quality mass balance will tJ:ack flow· concentration terms. 

Figure 82-1. 
Diagram of Mass-Balance Terms for the RMA Delta Model 
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Figure 82-2. 
Relationship between Simulated End-of-Month and Measured Mean Monthly EC 
and Historical Delta Outflow at Pittsburg and Benicia for 1968-1991 
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Figure 82-4. 
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Relationship between Simulated End-of-Month and 
Measured Mean Monthly EC at Greene's Landing 
and Sacramento River Flow for 1967-1991 
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Comparison of Simulated End-of-Month and 
Measured Mean Monthly EC at Rio Vista 
for Historical Delta Inflows and Exports 
for 1968-1991 

0 Node 351 (Rio Vista) 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



8 

4 

2 

0 ' 
1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 

Water Year 

• Minimum Data Ill Mean Data l:::::t\1 Maximum Data -- Node 46 (Antioch) 

12 

10 

8 -5 
00 
,§ 6 

u 
~ 

4 

2 

2 4 6 8 10 12 14 16 18 20 

Effective Delta Outflow (1,000 cfs) 

~ MeanData 

Figure 82-14. 
Comparison of Simulated End-of-Month and 
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Figure 82-23. 
Simulated End-of-Month Values and Predicted Changes 
for EC under Alternative 2 Operations 
at Chipps Island and Emmaton for 1968-1991 
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Simulated End-of-Month Values and Predicted Changes 
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Appendix Ct. Analysis of Delta Inflow and Export Water 
Quality Data 

SUMMARY 

This appendix presents a review and summary of available water quality data related to salinity, dissolved organic 
carbon (IXJC) and trihalomethane fonnation potential (l'HMFP) in Delta inflows (Sacramento and San Joaquin Rivers) 
and Delta exports. The general water quality characteristics of the Delta inflows and Delta exports are described, and 
basic relationships between several related variables are identified. A primary purpose of this appendix is to document 
observed changes in constituent concentrations as water is transported from Delta inflows to Delta export locations. This 
change in water quality can be attributed to effects of Delta channel processes and Delta agricultural drainage. This 
infonnation provides the basis for impact assessment of the DW project. 

This appendix also presents the conceptual mass-balance framework for identifying Delta sources of water quality 
constituents by comparison of constituent concentrations in the Delta inflows and the Delta exports. This mass-balance 
framework, which is the basis for water quality impact assessment for the Delta Wetlands (DW) project, is fonnulated as 
a monthly water quality model of Delta island drainage that is described in Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Model". 

INTRODUCTION 

The primary issue of concern about the DW project 
with regard to municipal water supplies from the Delta is 
the potential effect ofDW project operations on salinity 
and concentrations of water quality constituents that are 
precursors of trihalomethane (HIM). HIM, which is 
considered a human health risk, is a disinfection by­
product (DBP) formed during the chlorination of water. 
DOC is considered to be the major organic precursor of 
DBP, including HIM, in treated drinking water. 

This appendix provides a conceptual foundation for 
calculating DW project contributions to salinity and DOC 
concentrations and THMFP in water that could be 
exported from the Delta and subsequently treated for 
municipal use. "Delta exports" refers to exports at the 
Central Valley Project (CVP) Tracy Pumping Plant to the 
Delta-Mendota Canal (DMC), the State Water Project 
(SWP) Banks Pumping Plant, and the SWP North Bay 
Aqueduct and diversions at the Contra Costa Water 
District (CCWD) Rock Slough intake .. 

Delta water quality patterns can be identified most 
reliably if several measured variables are analyzed con­
currently. Conclusions are more reliable if several re-

Delta Wetlands Draft EJRIEJS 

87-119/JVLPP~1 Cl-1 

lated parameters exhibit similar patterns of variation; in 
contrast, conclusions are more doubtful if related para­
meters exhibit different or conflicting patterns. This 
appendix presents information on several variables used 
to analyze Delta water quality patterns. 

Following are the sections of this appendix: 

• "Available Delta Inflow and Delta Export Data" 
describes the water quality data collection pro­
grams for the Delta and the types of data collec­
ted by each. 

• "Delta Sources of Water Quality Constituents" 
provides an overview of sources of water qual­
ity constituents between Sacramento River in­
flows and Delta export locations. 

• "Conceptual Framework for Estimating Con­
stituent Contributions from Delta Sources" de­
scribes a mass-balance method for approxima­
ting net contributions of constituents from Delta 
sources for a month. 

• "Water Quality Changes between Delta Inflow 
and Delta Export Locations" documents ob­
served differences between water constituents 
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in inflows and exports that may be attributable 
to Delta sources. 

• "Water Quality Characteristics of Delta In­
flows" describes patterns of fluctuations in con­
stituent concentrations of inflows, which ac­
count for some of the observed variability in 
Delta export water quality constituents. 

• "Water Quality Characteristics of Delta Ex­
ports" details water quality characteristics at 
CCWD's Rock Slough intake, the SWP Banks 
Pumping Plant, and the CVP exports to the 
DMC near Tracy Pumping Plant and identifies 
the dominant influences of water sources on 
water quality at these locations. 

• "Conclusions" relates the information presented 
in this appendix to other water quality analyses 
of the DW environmental impact report/envi­
ronmental impact statement (EIRIEIS). 

AVAILABLE DELTA INFLOW AND 
DELTA EXPORT DATA 

A great amount of water quality data is collected in 
the Delta each year. The Interagency Ecological Program 
(IEP) coordinates much of the data collection, as required 
by the California State Water Resources Control Board 
(SWRCB) as conditions under various water right 
decisions and Bay-Delta water quality control plans. 

The U.S. Bureau of Reclamation (Reclamation), 
California Department of Water Resources (DWR), and 
the U.S. Geological Survey (USGS) operate a network of 
continuous electrical conductivity (EC) monitoring 
stations primarily to provide information for operating the 
Delta (SWP and CVP) in compliance with applicable 
flow and salinity standards. These EC data have been 
summarized as monthly averages for the period 1968-
1991 and are described in Appendix B2, "Salt Transport 
Modeling Methods and Results for the Delta Wetlands 
Project". 

DWR's Central District organizes daily records of 
Delta inflows, Delta exports, and estimated Delta out­
flows in a database called DA YFLOW, which is used to 
summarize historical Delta flows. Average monthly 
Delta inflows, exports, and outflows can be calculated 
from the daily values and used to represent the monthly 
water budget for the Delta. The relationship between 
Delta outflow and salinity intrusion can be characterized 
with the DA YFLOW values and the EC data from 
various stations. 
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DWR's Central District bas collected samples 
mootbly (twice monthly dwing spring and summer) since 
the early 1970s to compile data on minerals, nutrients, 
and plankton as part of the Delta sampling required by 
SWRCB in Water Right Decision 1379 (D-1379) in 
1971 and Decision 1485 (D-1485) in 1978. These data, 
reported and analyzed in a series of annual reports, are 
primarily used to describe the general patterns of Delta 
water quality related to biological habitat conditions. 

The Interagency Delta Health Aspects Monitoring 
Program was initiated in 1982 to study the quality of 
Delta water supplies used for human consumption. The 
same program is now being administered by DWR's 
Division of Local Assistance as the Municipal Water 
Quality Investigations (MWQI) program~ MWQI samp­
ling consists of monthly measurements of salinity, DOC, 
THMFP, and related water quality variables at Delta 
inflow and export locations and at several channel 
locations in the Delta. These data are used primarily to 
describe the Delta water quality variables important for 
municipal water supply evaluations (I>WR 1989, 1993). 

Salinity bas been the dominant water quality variable 
of concern for municipal and agricultural water supplies 
in the Delta. However, the objectives specified in the 
1995 Water Quality Control Plan for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary (1995 
WQCP) adequately protect Delta water supplies from 
salinity intrusion effects during periods of reduced Delta 
outflow. Therefore, agricultural drainage effects on 
salinity and DOC concentrations are the major remaining 
water quality issues of concern for municipal water 
supplies. 

Because the primary issue of concern about the DW 
project with regard to municipal water supplies from the 
Delta is a possible increase in DOC, the MWQI data, 
which include measurements of DOC, THMFP, and 
related variables, are therefore the most relevant source 
of Delta water quality information for the DW water 
quality impact assessment. 

The MWQI data have been used by DWR and others 
to describe increases in DBP precursors that have been 
observed between Sacramento River inflow and Delta 
export locations. As is typical of field measurements, the 
monthly grab-sample MWQI data exhibit considerable 
scatter from month to month and vary between locations 
sampled in the same month that would be expected to 
have similar concentrations. 
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DELTA SOURCES OF WATER 
QUAUTY CONSTITUENTS 

Concentrations of many water quality constituents 
are often higher in Delta exports than in Sacramento 
River inflows, which are generally the major source of 
Delta water. Possible sources of water quality consti­
tuents in the Delta are seawater intrusion, inflows from 
the San Joaquin River and eastside streams, biological 
production in Delta channels, and agricultural drainage 
from Delta islands: 

• Seawater intrusion. Seawater intrusion has 
been rather extensive during the 1987-1991 
period ofMWQI sampling, and seawater salts 
may have caused significant increases in some 
of the mineral concentrations in export water. 
Increased bromide (Br") concentrations caused 
by seawater intrusion may contribute to higher 
1BMFP values at the export locations. 

• San Joaquin River and eastside stream 
inflows. San Joaquin River concentrations of 
DOC, Br", and related constituents are routinely 
measured, but the portion of San Joaquin River 
inflow that is mixed into Delta exports varies. 
The possible influence of San Joaquin River 
inflows on export water quality can be esti­
mated through comparison of the magnitude of 
San Joaquin River inflow with total export 
pwnping. Based on this comparison, a consid­
erable portion of observed increases in export 
concentrations above Sacramento River con­
centrations may be attributed to San Joaquin 
River inflows. 

• Biological production in Delta channels. 
Erosion or leaching from channels and biolo­
gical production of aquatic plants and other 
decaying materials may add to concentrations of 
water quality constituents in the Delta. This 
possible source is difficult to measure directly 
because it is distributed throughout Delta 
channels. 

• Agricultural drainage. The magnitude of the 
contribution of water quality constituents from 
agricultural drainage sources can be estimated 
from the product of the drainage volume and 
measured drainage concentration. The avail­
able data on Delta agricultural drainage water 
quality are reviewed in Appendix C2, "Analysis 
of Delta Agricultural Drainage Water Quality 
Data". Direct measurements of Delta drainage 
volumes are not currently available. Data on 
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drainage concentrations are being collected as 
part of the MWQI program, and USGS and 
DWR have initiated a demonstration project to 
measure agricultural water budget terms on 
several Delta islands (DWR 1994). 

The change in constituent concentration between the 
Sacramento River and Delta export locations can be used 
to estimate the magnitude of the net contribution from 
Delta sources. It is not possible, however, to determine 
from concentration data alone the relative contributions 
from different sources of increased concentrations ob­
served at the export locations. Additional measurements 
of the individual sources are required to determine their 
relative contributions. The following section describes a 
method for estimating the contributions of water quality 
constituents from different sources within the Delta. 

CONCEYfUAL FRAMEWORK FOR 
ESTIMATING CONSTITUENT 

CONTRIBUTIONS FROM 
DELTA SOURCES 

The net contribution of a selected water quality 
constituent from Delta sources, including agricultural 
drains, can be estimated from the differences between 
Delta inflow and Delta export concentrations observed in 
the DWR MWQI data. Because Sacramento River 
inflows are generally the largest source of Delta water 
and have the lowest concentration of DOC and related 
constituents, the Sacramento River concentrations are 
used as the basis for determining Delta source contri­
butions. The relationship between observed concentra­
tions in the export water and net source contributions 
from within the Delta can be developed from available 
data based on the following mass-balance assumptions: 

• The Sacramento River concentrations observed 
during a month are typical of the monthly aver­
age inflow concentrations. 

• The Delta export concentrations observed 
during a month are typical of the monthly 
average export concentrations. 

• Contributions from all Delta sources during a 
particular month are transported during the 
same month to Delta exports or Delta outflow. 

• It is possible to estimate fractions of contri­
butions from all Delta sources that are mixed 
with Sacramento River water and transported to 
the export locations. 
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• The remaining contributions from all Delta 
sources are mixed with Sacramento River water 
transported to Delta outflow past Chipps Island. 

A simple mass-balance mixing model can be used to 
approximate the net contributions of constituents from 
Delta sources for each month. Delta export measure­
ments are used as a "sample" of southern Delta water 
quality after some fraction of constituent contributions 
from Delta sources is mixed with Sacramento River 
inflow. The net contribution from Delta sources can be 
estimated from the observed increase in concentration in 
the exports (above the assumed inflow concentration), the 
Delta export pumping volume, and the assumed fraction 
of the Delta source contribution transported to the Delta 
export locations: 

Delta source contribution rate (kg/month) for 
a 30-day month = export pumping rate (cubic 
feet per second [cfs]) • concentration change 

(mg/1) +source fraction • 
86,400 sec/day • 0.000001 kglmg • 

28.32 literlft3 
• 30 days/month 

=export pumping rate (cfs) • 
concentration change (mg/1) + 

source fraction • 73.4 

For example, if an increase of 1 milligram per liter 
(mg/1) above the Sacramento River concentration was 
observed in a monthly average export flow of 5,000 cfs, 
and if the assumed fraction of export water from the Delta 
source was 500/o, the net contribution from the Delta 
source would be calculated as follows: 

Delta source contribution rate 
(kg/month)= 5,000 cfs • 
1 mg/1 + 0.50 • 73.4 = 
734,000 kg/month= 

734 metric tons/month 

If this net contribution occurred uniformly from some 
known area of the Delta, the average uniform contribu­
tion per unit area (g/m2/month) could be estimated as 
follows: 

Areal contribution rate (glm2/month) = 
mass contribution rate (kg/month) + 
4,047 m2/acre +source area (acres)· 
1 ,000 g/kg = mass contribution rate 

(kg/month)+ source area (acres)+ 4.047 

For the example given above, with an assumed 
source area equal to the Delta lowlands (396,000 acres), 
the average areal contribution rate would be calculated as 
follows: 
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Areal contribution rate= 734,000 kg/month+ 
396,000 acres+ 4.047 = 0.458 g/m2/month 

To estimate the monthly areal contribution rate 
(glm2/month) from Delta sources for other observed 
changes in constituent concentration, export pumping 
rates, assumed fraction from Delta sources in the export 
pumping flow, or other source areas, appropriate values 
can be substituted in these equations. Higher calculated 
net contributions from Delta sources in Delta exports will 
result with higher rates of export pumping, higher 
observed concentration increases between Sacramento 
River inflows and exports, or higher fractions of Delta 
sources in Delta exports. Greater areal contribution rates 
will be estimated for smaller assumed contributing areas. 

Appendix C4, "DeltaDWQ: Delta Drainage Water 
Quality Mooel", describes a systematic framework for 
estimating these net contributions from Delta sources 
based on observed concentration changes, Delta inflows, 
and export pumping rates. 

WATER QUALITY CHANGES 
BE1WEEN DELTA INFLOW 

AND DELTA EXPORT LOCATIONS 

Patterns of changes in constituent concentrations 
between Sacramento River inflow (the selected inflow for 
estimating water quality changes within the Delta) and 
Delta export locations for several variables measured in 
the 1982-1991 DWR MWQI data are shown and de­
scribed in this section. San Joaquin River inflow is 
treated as a contributing source within the Delta. 

The DWR MWQI data collection program has 
changed somewhat each year. During 1982, preliminary 
measurements were collected from the SWP Banks 
Pumping Plant and the San Joaquin River at Vernalis. 
The THMFP assay was tested and standardized. Samp­
ling from the Sacramento River and other Delta export 
locations began in 1983. DOC measurements were 
added in 1987. Br· and ultraviolet absorbance (UV A) 
measurements were added in 1990. The use of UV A 
data is explained below. 

1be number of samples collected at each station each 
year has also changed. At Banks Pumping Plant, for 
example, five samples were collected in water year 1982, 
nine samples were collected in water year 1983, and 11 
or 12 (monthly) samples were collected in water years 
1984-1989. During water years 1990 and 1 991, weekly 
and biweekly sampling was conducted during portions of 
the year, with a total of 26 samples collected in 1990 and 
22 collected in 1991. 
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To standardize the data analysis, Jones & Stokes 
Associates (JSA) selected a data set of monthly values for 
the entire 10-year (1982-1991) period by using the first 
grab sample collected in each calendar month and elimi­
nating any additional samples collected that month. 
Samples are often, but not always, collected on about the 
same day at each of the sampling stations. Table C1-1 
gives a smnmary of the available data. The statistics of 
the monthly samples were not substantially different from 
those of the entire data set The following sections 
describe the data for electrical conductivity (EC), chlor­
ide (Cl"), Br·, DOC, THM precursors and THMFP. and 
turbidity. 

Delta Electrical Conductivity Values 

Figure C 1-1 shows EC measurements for the DWR 
MWQI samples from Sacramento and San Joaquin River 
inflows and from three export locations (SWP Banks 
Pwnping Plant; the Central Valley Project [CVP] Delta 
Mendota Canal [DMC] near the Tracy Pumping Plant; 
and Rock Slough near Old River, the source of water for 
the Contra Costa Water District [CCWD] intake). 

.Tile EC values for the Sacramento River are gener­
ally in the range of 100-200 microsiemeos per centimeter 
(uS/em), although two measurements in the 1986 flood 
period were below 1 00 .uS/em, and several values have 
been above 200 .uS/em. Figure B2-4 in Appendix B2 
indicates that Sacramento River EC measurements gener­
ally decrease with higher flows, exhibiting a typical flow­
dilution relationship that can be approximated with the 
following equation: 

Sacramento River EC (uS/em) = 
5,000 • flow (cfs) ~-35 

This equation indicates that for Sacramento River flows 
of less than 10,000 cfs, the corresponding EC values 
would be greater than 200 .uS/em. For Sacramento River 
flows greater than 50,000 cfs, the corresponding EC 
values estimated from this equation would be less than 
100 .uS/em. 

1be EC values for the San Joaquin River are usually 
much higher than Sacramento River EC values, fluctua­
ting between ISO .uS/em and 1,300 .uS/em. Figure B2-5 
in Appendix B2 indicates that San Joaquin River EC 
measurements also generally decrease with flow, exhibi­
ting a flow-dilution relationship that can be approximated 
with the following equation: 

San Joaquin River EC (uS/em) = 
25,000 • Flow (cfs) ~.s 
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Several San Joaquin River EC values observed 
during winter in recent years (1988-1991) have been 
above 1,000 .uS/em and are as much as 500 .uS/em 
higher than the EC values estimated with the flow­
dilution equation. These elevated EC values suggest that 
an additional load of salt drainage may have been 
released into the San Joaquin River during these drought 
years. Measurements when available are superior to 
flow-regression estimates of inflow water quality; flow 
regressions must be used for planning and assessment 
studies. 

Observed EC values at the three export locations 
have fluctuated between about 200 .uS/em and I ,000 
.uS/em. During months when low EC values were mea­
sured, corresponding to periods of high Delta outflow, the 
export locations each bad similar EC values. During 
months when high EC values were measured, EC values 
at Rock Slough (CCWD) were generally the highest 
because effects of salinity intrusion are usually strongest 
at Rock Slough. Local agricultural drainage may also 
have different effects at each export location. 

The DWR MWQI EC data clearly indicate that EC 
(representing dissolved salts) usually increases between 
Sacramento River inflow and the export locations. The 
net source of elevated EC may differ, however, for each 
month and each export location. DWR MWQI EC data 
alone are not sufficient to determine the relative monthly 
contributions from the San Joaquin River, salinity intru­
sion. and Delta agricultural drainage. 

Figure C 1-2 shows the monthly DWR MWQI grab 
samples from the DMC, compared with the monthly 
range of mean daily EC values recorded at the continuous 
EC monitor located in the DMC. This figure indicates 
that the monthly DWR MWQI grab samples may not 
always be representative of the actual monthly mean 
value, as measured by the continuous EC monitor at the 
same location. Therefore, monthly grab samples from 
other locations may not represent actual monthly average 
EC values or monthly average concentrations of other 
measured variables. 

Delta Chloride Data 

Figure C1-3 shows DWR MWQI data on c1· con­
centrations for water years 1982-1991 for the two Delta 
inflow and three Delta export locations. CI· concentration 
patterns are similar but not identical to the EC patterns 
because each major water source has a different Cl"/EC 
ratio value. Figure C l-4 show the Cl"/EC ratios for each 
of the monthly DWR MWQI samples. These two figures 
will be described together. 
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Sacramento River c1· concentrations were usually 
less than 10 mgll (Figure C1-3), and the Cl"/EC value 
(mgll:.uS/cm) in this inflow averaged about 0.05 (Figure 
C 1-4 ). Some of the scatter in the Sacramento Cl"/EC 
values was caused by the low c1· concentrations, which 
are normally reported as whole nwnbers. 

San Joaquin River c1· concentrations fluctuated 
between about 20 mg/1 and 180 mg/1 (Figure Cl-3) and 
Cl"/EC ratio values increased from about 0.08 at low EC 
values to about 0.15 at high EC values (Figure Cl-4). 
The variability in the Cl"/EC values of this inflow may be 
explained by the fact that it is a mixture of San Joaquin 
River water and Stanislaus River water (from New Me­
lones Reservoir). MWQI samples from the San Joaquin 
River at Maze, above the confluence with the Stanislaus 
River, can be estimated to have a constant Cl·JEC value 
ofO.lS, and by inference, Stanislaus River inflow can be 
estimated to have a Cl"/EC value of approximately 0.06. 
Nevertheless, the Cl"IEC value of 0.08 to 0.15 for the San 
Joaquin River inflow is distinct from the lower Cl"/EC 
value of about 0.05 for the Sacramento River. The 
Cl"/EC value of 1% seawater mixed with 991'/o Sacra­
mento River water is 0.30 (pure seawater has a Cl"/EC 
value of about 0.35) (CRC 1989). 

Agricultural drainage is derived from rainfall (with­
out minerals) and applied water that has partially evapor­
ated; the salinity (EC and CI· concentration) of drainage 
water is usually greater than the salinity of the applied 
water, but the Cl-/EC ratio remains constant (see 
Appendix C2, "Analysis of Delta Agricultural Drainage 
Water Quality Data", for additional discussion). The 
agricultural drainage salinity is "recycled" salinity from 
the applied water. There are therefore only three basic 
sources of Delta salinity: seawater, San Joaquin River 
water, and Sacramento River water. The Cl"/EC ratio of 
agricultural drainage will reflect the Cl·JEc ratio of the 
applied water source (or combination of sources). The 
only source for water in the Delta with a Cl·JEC ratio 
value higher than 0.15 is seawater intrusion, and agri­
cultural drainage may also have a Cl·JEC value above 
0.15 if the applied water included substantial seawater 
intrusion. For a Sacramento River sample with an EC 
value of200 .uS/em, the Ct COitCentration would be about 
10 mg/1 (Cl"/EC value of0.05). 

The following example illustrates how the Cl"/EC 
value changes with the mixture of source water. A 
sample of San Joaquin River water with an EC of 1 ,000 
.uS/em will have a c1· concentration of 150 mgll (Cl"/EC 
value of0.15). A sample of Mallard Island water (as­
sumed to be seawater diluted with Sacramento River 
water) with an EC of 1,000 .uS/em will have a Cl" con­
centration of about 300 mg/1 (Cl"/EC value of 0.3). If 
these two water samples are mixed together in various 
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combinations, the EC of the mixture will remain 1 ,000 
.uS/em, but the c1· concentration will increase as more 
Mallard Island water is added to the San Joaquin River 
water. Foc a 50/50 mixture, the Cl- concentration will be 
225 mgll ([0.5 • 150] + [0.5 • 300] = 225) and the Cl"/EC 
value will be 0.225. 

The contributions from the three salinity sources can 
be estimated through the use of three equations to calcu­
late the fractions of the volwne of water contributed from 
each source , the EC value, and the c1· concentration of 
three-way mixtures. For example, if a mixture of these 
three watel' sources (with the EC values given above) had 
an EC of 600 .uS/em, it could be concluded that the 
Sacramento River water is contributing 50% of the 
volwne, because the other two each had an EC of 1,000 
.uS/em ([0.5 • 200] + [0.5 • I ,000] = 600). The mixture 
could have a Cl" concentration of between 80 mg/1 (with 
no Mallard Island water in the mixture) and 155 mg/1 
(with no San Joaquin River water in the mixture). The 
measured Cl· concentration could be used to estimate the 
mixture of Mallard Island and San Joaquin River water in 
this example mixture. 

Measurements of c1· concentrations from the export 
locations fluctuated between 15 mgll and about 300 mgll 
(Figure C 1-3). The Cl· concentrations in CCWD diver­
sions from Rock Slough were the highest because of the 
stronger influence of seawater intrusion or local agricul­
tural drainage. 

Cl"/EC values for the export locations were greater 
than 0.15 (San Joaquin ratio) during periods with the 
highest Cl" concentrations (Figure c 1-4 ). These high 
Cl"/EC values suggest that the dominant source of Cl· 
dming these periods is seawater intrusion. CCWD water 
diverted at Rock Slough usually has a higher Cl"IEC value 
than the other export locations, suggesting a slightly 
higher seawater contribution. 

The DWR MWQI data indicate that Delta and San 
Joaquin River contributions of c1· are significant. The 
relative magnitude of the potential influence by Delta 
sources on increased Cl· at the export locations cannot be 
directly determined, however, from c1· concentrations 
alone. The San Joaquin River, agricultural drainage 
water, and seawater intrusion water have approximately 
the same c1· concentration In contrast, the Cl·JEC values 
for export water provide more information about the 
sources of increased c1· and can be used to estimate the 
most likely source of increased Cl· . 

Appendix C 1. Analysis of Delta Inflow and Export 
Water Quality Data 

September 1995 



Delta Bromide Data 

Figme Cl-5 shows DWR MWQI Br·tcl· values, 
based on Bt" measurements that began in January 1990. 
Because of drought conditions with relatively high salin­
ity intrusion effects and higher concentrations from San 
Joaquin River inflows, Br· concentrations at the export 
locations have been quite high since measurement began. 
The Br·tcl· value for concentrations measured from San 
Joaquin River samples (0.003 to 0.0045) are similar to 
the Br·tcl· value of about 0.0035 for seawater. Br ·tel· 
values for Sacramento River inflow were scattered (0.00 1 
to 0.0045) because oflow concentrations of c1· and Br· 
but sometimes were substantially lower (0.0015) than 
seawater or San Joaquin River water. Although Br· is 
more difficult to measure than c1·, these DWR MWQI 
data suggest that Br· concentrations may be adequately 
estimated from Cl' measurements if a Br"/Cl' value of 
about 0.0035 is assumed for all sources for impact 
assessment purposes. 

Delta Dissolved Organic Carbon Data 

Figure C 1-6 shpws DWR MWQI measurements of 
DOC that were initiated in 1987. DOC is considered to 
be the major organic prectU'SOr ofDBP, including TIIMs. 
DOC is therefore one of the most important water quality 
variables for assessment of potential formation ofDBP in 
treated drinking water from the Delta. 

DOC concentrations in Sacramento River inflow are 
generally the lowest measured in the Delta, with con­
centrations of about 2.0 mg/1 often observed (Figure C 1-
6). American River samples have even lower DOC con­
centrations (DWR 1989). Sacramento River DOC 
concentrations are sometimes higher than 2.0 mg/1, with 
several DOC values above 3.0 mg/1. Daily measure­
ments taken during 1993 have confirmed that Sacramento 
River DOC concentrations can be elevated above 2.0 
mg/1 as the result of sources of DOC material in surface 
runoff(Agee pers. comm.). 

DOC concentrations in the San Joaquin River were 
usually higher than Sacramento River DOC concentra­
tions, with DOC values generally between 3.0 mg/1 and 
6.0 mg/1. The San Joaquin River is considered a major 
source of DOC relative to the Sacramento River, which 
has oomparatively low DOC concentrations. Most of the 
DOC concentrations at the export loc11tions were in the 
range of 3.0 mg/1 to 5.0 mg/1. The DWR MWQI data 
clearly show that DOC is contributed by Delta sources or 
San Joaquin River inflow. The relative influences of the 
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various possible sources cannot be easily identified from 
these data alone. 

Delta Tribalomethane Preeunor Data 

Tribalomethane Formation Potential and Types of 
Tribalomethane Molecules 

To provide a comparative measure of TIIM pre­
cursors in Delta water, the DWR MWQI program 
developed an assay for determining TIIMFP, an index of 
the maximmn poss1ble TIIM concentrations that could be 
produced by maximum chlorination of Delta water. The 
assay is performed by spiking a water sample with an 
initiall20-mg/l concentration of chlorine (Cl2), holding 
the sample for 7 days (168 hours) at 25°C, then mea­
suring the TIIM species with standard U.S. Environmen­
tal Protection Agency (EPA) procedures (gas chromato­
graph purge and trap, EPA method 502.2). 

The gas chromatograph method determines concen­
trations of four types of TIIM molecules separately 
(Table Cl-2). Each type ofTIIM molecule resembles 
methane (C~). except that three of the four hydrogen 
atoms are replaced with a halogen (chlorine or bromine). 
The four types of TIIM molecules are chloroform 
(CHC13), dichlorobromomethane (CHC12 Br), dibromo­
chloromethane (CHCIBr2), and bromoform (CHBr3). 

Each of these TIIM molecules has a different weight 
because of the difference between the molecular weight 
of chlorine (35.45) and bromine (79.9). Chloroform has 
a molecular weight of 119.36, whereas bromoform has a 
molecular weight of 252.71. The chemical properties of 
the four types of TIIM molecules are summarized in 
TableCl-2. 

Total TIIM concentration (by weight) is the basis for 
current EPA drinking water standards. The greater 
weight of total TIIM resulting from increased bromine 
incorporation, however, oomplicates comparison of TIIM 
precursors from two water- samples with different bro­
mine content. One method to normalize the total TIIM 
concentrations is to use molar concentrations. This is the 
standard chemistry method and essentially counts the 
number (in moles) ofTIIM molecules per liter of water. 

A slightly different technique, having equivalent 
results, is to measure only the carbon weight of each 
THM molecule because each molecule has one carbon 
atom. The carbon fractions of the four types of TIIM 
molecules are listed in Table Cl-2. The carbon-fraction 
concentrations of the four types of TIIM molecules are 
added together to calculate the carbon equivalent of the 
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total lHM c:oocentratioo. called the C-lHM CODCal­

tratioo. The DWR MWQI program uses the term "total 
formation potential carbon• (TFPC) for the same 
variable. 

Dividing the C-THM coocentration by the initial 
DOC conceotration in a water sample provides a direct 
estimate of the fi'act.ion of the initial DOC CODCCDtration 
in a walfr sample that was converted to TIIM molecules 
during the TIIMFP assay. an advantage over using the 
molar TIIM cooccntration. The ratio C-THMIDOC is 
called the TIIM yield. 

Delta C-1HM Data 

Figure Cl-7 shows the 1982-1991 DWR MWQI 
calculated C-THM cooccntrations. Sacramento River 
concentrations of C-THM were usually below 30 ~gil; 
~.about a third of the concentrations were above 
30 ~g/1. Most export concentrations of C-TIIM were 
between about 30 ~WI and 90 ~gil. generally higher than 
Sacramento River concentrations. San Joaquin River C­
TIIM concentrations were higher than Sacramento River 
coocc:ntrations but were not distinctly higher than export 
ccncentrations. Because the C-THM concentrations for 
Saa'ame:nto River inflow fluctuated and because the San 
Joaquin River C-TIIM concentrations were similar to 
those measured at the export locations. it is quite difficult 
to directly estimate the monthly contributions of C-TIIM 
from Delta SOW"CCS. 

Figure Cl-8 shows the ratios of C-THM to DOC for 
the two inflow and three export locations. With allow­
ances made for a certain amount of scatter in both mea­
surements. these ratios for •THM yield .. from DOC range 
from about 0.01 to 0.02. indicating that approximately 
1%-2% of DOC became THM molecules dming the 
THMFP assay in most samples. This yield relationship 
suggests that DOC measurements can be used to estimate 
the C-THM concentration of the THMFP assay. This 
relatively constant C-THMIDOC value might be used 
with meR frequent DOC measurements to minimize the 
need for using the comparatively expensive and time­
consuming THMFP assay procedure (see Appendix C3. 
•water Quality Experiments on Potential SoW"CCS of 
Dissolved Organics and Trihalomethane Precursors for 
the Delta Wetlands Project•. for more discussion of this 
topic). 

Delta Ultraviolet Ab10rbanc:e Data 

UV A (254-nm wavelength) was added to the DWR 
MWQI program as a measurement variable in 1990. 
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UV A is IIIC8!IRd with a spectropbotomct and reported 
in units of 1/an. 

UV A. a physical measurement used in the study of 
humic .cids and THM precursors. has been found to be 
Jioearty rdatcd to DOC concentration (see Appcodix C2. 
• Analysis of Delta Agricultural Drainage Water Quality 
Dataj. UV A may be a direct measure of the humic and 
fulvic acid portion of total DOC in a water sample. The 
ratio of UV A to DOC would therefore be expected to 
increase with a higher proportion of humic substances. 
A greater yield of TIIM molecules would also be 
expected from samples with higher UV A/DOC values 
because the humic substances are thought to be the 
•active• 111M precursor. 

Figure Cl-9 indicates that most Delta inflow and 
export samples have UVA(l/cm)/ DOC(mg/1) ratios of 
between 0.02 and 0.04. with an average of about 0.03. 
The Sacramento and San Joaquin River UV A/DOC 
values tend to be slightly lower than the UV A/DOC 
values for the exports. 

Appendix C2 describes the ratio of UV A to DOC 
from Delta agricultural drainage water. The UV A mca­
suremc:m holds great promise as a monitoring variable if 
additiooa1 data coofirm a consistent UV A/DOC value for 
each water source. Because UVA is a relatively simple 
physical measurement. frequent (daily) data could be 
inexpensively collected from Delta inflows and exports 
and from other locations where DOC concentrations are 
of possible concern. 

Delta Turbidity Data 

Figure C 1-10 shows the DWR MWQI monthly tur­
bidity data collected since 1983 (reported in nephe­
lometric turbidity units [NTIJ]). Turbidity is a measure 
of particulate materials that may originate from erosion 
and surface nmotr during storm events. or from channel 
scour and resuspension of settled materials (inorganic and 
organic) within the Delta. These data illustrate that 
turbidity values of the Sacramento River inflow are 
sometimes higher than nubidity at Delta export locations. 

WATER QUAUTY CHARACI'ERISTICS 
OF DELTA INFLOWS 

A pmioo of the observed variability in Delta export 
water quality measurements shown in the previous 
section is caused by variability in the inflowing water 
concentrations. This section will identify the relation-
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ships between related mineral and organic constituents in 
Sacramento and San Joaquin River inflows and in sea­
water intrusion measured at Mallard Island (near Chipps 
Island). 

The previous section of this appendix presented the 
changes in monthly constituent CQDCCDtrations observed 
between Sacramento River inflow and Delta export 
locatioos. This section, however, presents the patterns of 
concentration fluctuations in the Delta inflows from the 
Sacramento and San Joaquin Rivers and at Mallard 
Island. 

The flow-dilution equations for each river inflow 
(presented above under "Delta Electrical Conductivity 
Values") indicate how EC values are expected to vacy as 
a function of rivec flow. Graphing concentrations of other 
water quality constituents against the corresponding EC 
measurements for the same samples illustrates a charac­
teristic signature or "waterprint" for the water quality in 
each inflow, as described below. 

Sacramento River Water Quality 
Cbarac:teristic:t 

Figure C 1-11 shows the concentrations of several 
minera' constituents as measured in the 1982-1991 DWR 
MWQI samples from the Sacramento River at Greene's 
Landing. The range ofEC values was quite limited for 
the Sacramento River, with EC values usually between 
110 JJ.S/cm and 220 JJ.S/cm. Potassium (K+) concentra­
tions were reported to the nearest 0.1 mg/1, while the 
concentrations of other variables were reported only to 
the nearest mg/1. 

Each of the mineral concentrations increased linearly 
with EC. The c1· concentrations were approximately 
3%-5% of the EC value, giving a Cl"IEC value of less 
than 0.05. The K+ concentrations were about 1% ofthe 
EC value, giving a K+/Ec value ofO.Ol. Calcium (Cal+), 
sodium (Na}, and sulfate (SO/") each had approximately 
the same concentration, with concentrations equal to 
between 5% and 7% of the EC value. Concentrations of 
magnesium (Mi1 and c1· were about the same (3%-5% 
ofEC). The Sacramento River mineral water quality can 
be characterized with EC measurements and these ob­
served ratios. 

Figure C 1-12 shows the organic variables, DOC and 
C-THM, as measured in the 1982-1991 DWR MWQI 
samples from the Sacramento River. These constituents 
did not increase with EC values in Sacramento River 
inflow, as the mineral concentrations did. Therefore, 
fluctuations in these organic variables were apparently 
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attributable to causes other than flow dilution. Measure­
ments ofiX>C are therefore required; estimates based on 
flow or EC monitoring will not be reliable for Sacra­
mento River concentrations of DOC. 

Saa JoaquiD River Water 
Quality Cbaracteriltic:l 

Cooa:otratioos of several mineral constituents mea­
sured in the 1982-1991 DWR MWQI samples from the 
San Joaquin River at Vernalis are shown in Figure C1-
13. The range of San Joaquin River EC values (i.e., 100-
1,300 JJ.S/anoc0.1-1.3 mS/cm as shown in the figure) is 
quite large cxxnpared with the range of Sacramento River 
EC values. Concentrations of these minerals increased 
linearly with EC. 

At an EC of 1,000 JJ.S/cm (i.e., 1.0 mS/cm), the K+ 
concentration was less than 5 mg/1, indicating a very-low 
K'"/EC value of less than .005 in San Joaquin River water. 
Mgl+ concentration was about 25 mg/1 at an EC of 1,000 
JJ.Sic::m. for a Mgl+IEC value of0.025. Cal+ concentration 
was about SO mg/1 at an EC of 1,000 JJ.S/cm. for a 
Cal+JEC ratio ofO.OS. 

Na+, c1·. and SOl had approximately the same 
concentrations, and each exhibited an increasing ratio 
with EC as the EC value increased. Higher Cl"/EC ratios 
at higher EC values were previously attributed to variable 
mixing of Stanislaus River and San Joaquin River water. 
At an EC value of 500 JJ.S/cm, each of the three con­
stituents had a ratio with EC of about 0.1 0. However, at 
an EC value of 1,000 JJ.Sian. the Na•JEc value increased 
to0.12, theCl"/EC value increased to 0.15, and the S04

2" 

value increased to about 0.17. 

Figure C 1-14 shows the organic variables, DOC and 
C-THM, as measured in the 1982-1991 DWR MWQI 
samples from the San Joaquin River. The range of DOC 
and C-THM concentrations was greater for the San 
Joaquin River than for the Sacramento River. Concen­
trations of DOC and C-THM did not increase with EC 
values. Because the range of unexplained fluctuation is 
quite large, monthly samples may not reliably reveal 
patterns for organic parameters in the San Joaquin River. 
Estimates of DOC based on flow or EC monitoring will 
not be reliable for San Joaquin River concentrations of 
DOC. 
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Mallard Island Water Quality 
Characteristicl 

Mallard Island, located near Chipps Island, is the 
Delta outflow station sampled in the DWR MWQI pro­
gram. Figure C1-15 shows the mineral concentrations at 
this station plotted against EC values. The mineral 
concentrations clearly increased linearly with EC, and 
mineral/EC values were similar to those of seawater 
(CRC 1989). c1· had the greatest concentration, and the 
Cl"/EC value was about 0.30 at an EC of 10,000 ~S/cm. 
1be Na• concentration was about 1,800 mgll at an EC of 
10,000 ~S/cm, so the Na+/Ec ratio was 0.18. SO/" had 
the next highest concentration, and the ratio of so4 2" to 
EC was about 0.05. The ratio ofMg2+ to EC was about 
0.025. ca• and K+ concentrations were relatively low, 
and their ratios to EC were less than 0.01. 

Figure C1-l6 show the organic variables, DOC and 
C-THM. in the Mallard Island samples. The lowest EC 
values at Mallard Island indicate that the sample was 
dominated by Sacramento and San Joaquin River water, 
whereas the highest EC values indicate that the sample 
was dominated by seawater. DOC concentrations were 
generally quite low, between 2.0 mg/l and 3.0 mg/l, for 
the entire range of EC values and similar to Sacramento 
River DOC concentrations, suggesting that seawater 
intrusion was not a significant source of DOC. 

This review of the DWR MWQI data demonstrates 
that river inflows and seawater intrusion as Delta sources 
have distinctive mineral characteristics, as summarized 
by Cl"/EC ratios. These mineral characteristics may be 
used to identify the sources of water samples from Delta 
exports. This source identification technique is important 
for estimating expected changes in export concentrations 
of water quality constituents because the DW project 
operations are expected to change the source contribu­
tions of water at the export locations. 

WATER QUALITY CHARACTERISTICS 
OF DELTA EXPORTS 

The differences between the observed export con­
centrations of water quality constituents and the inflow 
concentrations provides a means to estimate the magni­
tude of contributions from other Delta sources (channel 
processes and agricultural drainage). Inflow water qual­
ity changes with flow, and the mixture of water at each 
export location changes with inflows and export pumping 
each month. Therefore, estimates of source tracking and 
mixed export concentrations must be calculated for each 
month. This methodology will be demonstrated as part of 
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the Delta island drainage water quality monthly model 
DeltaDWQ in Appendix C4 and used for DW project 
water quality impact assessment. 

Water Quality Characteristics of 
CCWD Divenions at Rock Slough 

Figure C1-17 shows mineral concentrations from the 
1982-1991 DWR MWQI data for CCWD diversions at 
Rock Slough. Comparison of this figure with Figures 
C1-11, C1-13, and C1-15, showing concentrations for 
the three major Delta water sources (Sacramento and San 
Joaquin Rivers and Mallard Island), indicates that the 
dominant Source of elevated salinity (i.e., EC above 400 
~S/cm or 0.4 mS/cm) was seawater intrusion. Because 
the Cl"/EC value was above 0.15, most Cl" in Rock 
Slough could not have originated from the San Joaquin 
River. In addition, Na• concentrations were much lower 
than c1· concentrations, which is characteristic of sea­
water (Figure C1-15). For lower EC values (lower than 
400 ~S/cm), the mixture of source water in Rock Slough 
is not as easily detected from the mineral graph. 

Figure C 1-18 shows the organic parameters, DOC 
and C-THM, measurements for Rock Slough water 
samples. Because none of the Delta water sources 
exhibited any pattern in DOC or C-THM with increasing 
EC, no reason exists to expect a pattern in DOC or C­
THM at the export locations. One way to estimate the 
change caused by in-Delta processes is to calculate 
increases in DOC and C-THM between Sacramento and 
San Joaquin River inflows and Rock Slough for each 
monthly sample. Increases will depend on the mixture of 
source water and the measured DOC and C-THM in the 
sources and exports that month. This will provide an 
estimate of the contributions from agricultural drainage 
and channel processes. 

Water Quality Characteristics of SWP 
Banks Pumping Plant Exports 

Figure C 1-19 shows the mineral concentrations from 
the 1982-1991 DWR MWQI data for the SWP Banks 
Pumping Plant. The range of EC observed for Banks 
Pumping Plant was smaller than that observed for Rock 
Slough, with EC values between 200 ~S/cm and 900 
~S/cm. Comparison of this figure with Figures C 1-11, 
C1-13, and C1-15, showing concentrations for the three 
major Delta water sources, indicates that the dominant 
source of the elevated salinity (EC above 400 ~S/cm) 
was seawater intrusion. Because the Cl"/EC value 
exceeds 0.15 for EC greater than 400 ~S/cm, most c1· in 
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these samples could not have originated from the San 
Joaquin River, which bas a maximum Cl"/EC value of 
0.1 5. In addition, Na+ concentrations are much lower 
than Cl· concentrations, which is characteristic of sea­
water (Figure C1-15). 

For lower EC values (lower than 400 J.lS/cm), the 
mixture of source water at Banks Pumping Plant is not 
easily detected from the mineral graph. The influence of 
San Joaquin River inflow is evident in some samples with 
nearly equal concentrations ofCl", Na+, and SO/", with 
each about 1 00/o of the EC value. 

Figure C 1-20 shows the ocganic variables, DOC and 
C-THM, measured at Banks Pumping Plant Because 
none of the Delta water sources exhibited a pattern in 
DOC or C-TIIM with increasing EC, no pattern exists in 
DOC or C-TIIM at Banks Pumping Plant. One way to 
estimate the change caused by in-Delta processes is to 
calculate increases in DOC and C-TIIM between Sacra­
mento and San Joaquin River inflows and Rock Slough 
for each monthly sample. Increases will depend on the 
mixture of source water and the measured DOC and C­
THM in the sources and exports that month. This will 
provide an estimate of the contributions from agricultural 
drainage and channel processes 

Water Quality Characteristics of 
CVP Tracy Pumping Plant Exports 

Figure C I-2I shows the mineral concentrations from 
the I982-I99I DWR MWQI data for the DMC near the 
CVP Tracy Pumping Plant. The range ofEC observed 
for the DMC was about the same as that observed the 
SWP Banks Pumping Plant, with EC values between 200 
J.lS/cm and 900 J.lS/cm. Comparison of this figure with 
Figures CI-II, CI-13, and CI-I5 showing the three 
major Delta water sources, indicates that the dominant 
source of the elevated salini1y (EC above 400 J.lS/cm) can 
be identified as a combination of seawater intrusion and 
San Joaquin River inflow. Whenever the Cl"/EC value is 
above O.I 5, most Cl" in a sample could not have origi­
nated from the San Joaquin River, which bas a maximum 
Cl"/EC value of0.15. In addition, Na+ concentrations are 
often much lower than c1· concentrations, which is 
characteristic of seawater (Figure CI-I5). 

Several samples from the DMC have elevated EC 
values but nearly equal c1· and Na+ concentrations at 
about I 00/o of the EC value. These water samples were 
apparently dominated by San Joaquin River inflows 
(Figure Cl-13). 
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For lower EC values (less than 400 J.lS/cm), the 
mixture of source water at the DMC is not easily detected 
from the mineral graph. The influence of San Joaquin 
River inflow is evident in scme samples with nearly equal 
concentrations of Cl·, Na+, and SO/", with each about 
I 0% of the EC value. The comparison of San Joaquin 
inflow EC value with the DMC export EC value may 

·provide an estimate of the dilution that bas occurred with 
Sacramento River water. 

Figure CI-22 shows the organic parameters, DOC 
and C-THM, measured in the DMC samples. One way 
to estimate the change caused by in-Delta processes is to 
calculate increases in DOC and C-TIIM between Sacra­
mento and San Joaquin River inflows and Rock Slough 
for each monthly sample. Increases will depend on the 
mixture of source water and the measured DOC and C­
TIIM in the sources and exports that month. This will 
provide an estimate of the contributions from agricultural 
drainage and channel processes. 

CONCLUSIONS 

The DWR MWQI measurements for minerals, DOC, 
THMFP, and associated water quali1y constituents pro­
vide the best available characterization of these consti­
tuents in Delta inflows and Delta exports. The observed 
differences between the inflow and export values are 
related to the mixture of water from different sources 
(river inflows and salini1y intrusion) at the export loca­
tions. However, the source contributions at each export 
location change with Delta inflows and exports, making 
it difficult to estimate from these water quali1y measure­
ments the magnitude of the contribution of DOC resulting 
from Delta channel processes and agricultural drainage. 

Mineral characteristics of each river inflow and 
seawater intrusion are generally distinct and could be 
used to estimate the likely contributions of water from 
different sources at the export locations. The estimates of 
changes in source contributions that would result from 
DW project operations could then be used to estimate 
changes in DOC concentrations at the exports. However, 
because DOC concentrations in the river inflows cannot 
be reliably estimated from flow or EC monitoring data, 
inflow measurements are required for accurate prediction 
of export DOC concentrations. 

The concepts of inflow source contributions and 
Delta source loads from channels or agricultural drainage 
were introduced in this appendix to explain the observed 
differences between inflow concentrations and export 
concentrations. Possible Delta source loads will be 
further explored in Appendix C2, "Analysis of Delta 
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Agricultural Drainage Water Quality Data", and Appen­
dix C3, "W att:c Quality Experiments on Potential Sources 
ofDissolved Organics and Trihalomethane Precursors for 
the Delta Wetlands Project". Appendix C4, "DeltaDWQ: 
Delta Drainage Water Quality Model", presents results 
from a monthly Delta agricultural drainage water quality 
model that combines calculations of Delta inflow somce 
contnbutions and agricultural drainage to estimate Delta 
export water quality for minerals (EC, Br") and organics 
(DOC). These estimated export concentrations are then 
used to estimate likely THM concentrations in treated 
drinking watt:c exported from the Delta. These results are 
presented in Appendix CS, "Modeling Trihalomethane 
Coocentrations at a Typical Water Treatment Plant Using 
Delta Export Water". 
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\1:. 

TableCl-1. Mean ValuesforDWRMWQI 1982-1991 Data 

Sacramento River San Joaquin River Rock Slough Banks Pumping Plant Delta Mendota Canal Mallard 
at Greene's Landing at Vernalis (CCWD Intake) (SWP Export) (CVP Export) Island 

--
Selected Selected Selected Selected Selected 
Monthly Monthly Monthly Monthly Monthly 

All Data Data All Data Data All Data Data All Data Data All Data Data All Data 
n=ll2 n=88 n=l30 n=96 n=125 n=96 n=l38 n=IOS n=l27 n=97 n=IOI 

EC {,uS/em) 167.0 164.0 683.0 645.0 554.0 518.0 483.0 454.0 537.0 507.0 9,018 
Turbidity (NTU) 12.0 12.0 20.5 18.8 9.1 9.9 11.0 11.7 14.0 14.5 19.0 
DOC (mg/l) 2.3 2.3 3.7 3.6 3.1 3.1 3.6 3.5 3.6 3.6 2.6 
C-THM: {,ug/1) 31.5 32.1 49.4 49.0 48.5 48.0 55.8 54.1 52.4 50.9 49.6 
UVA(cm-1) 0.052 0.043 0.085 0.074 0.1 0.1 0.12 0.12 0.112 -- 0.085 
Na+ (mgll) 10.8 10.6 82.5 79.0 68.5 62.9 56.6 52.8 61.6 58.1 1,570 
ct· (mgll) 7.2 7.1 92.1 85.8 109.6 100.3 82.5 74.6 84.5 77.1 2,852 
Ca2+ (mg/l) 12.1 12.5 39.8 38.7 17.5 17.2 20.1 19.6 24.1 25.7 74 
Mgl+ {mg/l) 7.1 7.1 22.0 21.2 17.2 16.7 15.6 15.4 17.4 17.3 207 
K+ (mg/l) 1.5 1.5 3.3 3.2 4.0 3.8 3.8 3.8 3.6 3.6 56 
SO/"(mg/1) 10.1 10.0 114.0 112.5 32.2 32.6 36.0 35.9 48.6 52.3 398 
Br· (mgll) 0.02 0.02 0.44 0.43 0.54 0.52 0.39 0.39 0.38 0.37 12.5 

Ratios (calculated for selected data only) 

Cl"IEC 0.04 0.12 0.16 0.15 0.14 0.30 
UVA/DOC 0.02 0.023 0.031 O.Q31 0.029 0.033 
Br"/Cl· 0.0032 0.0033 0.0035 0.0034 0.0034 0.0038 
C-THM:IDOC 0.013 0.014 0.016 O.ot5 0.015 ·o.o2o 

n = number of samples; some parameters were not measured in each sample. 

-- = no measurements. 



THM 
Molecule 

Name 

Chloroform 

Dichlorobromomethane 

Dibromochloromethane 

Bromoform 

--
Molecular weight: 

c = 12.01 
H = 1.0 
Cl = 35.45 
Br = 79.90 

I 

Chemical 
Symbol 

CHC13 

CHC12Br 

CHCIBr2 

CHBr3 

Table C 1-2. Characteristics ofTrihalomethane Molecules 

Molecular 
Weight 

119.36 

163.81 

208.26 

252.71 

Percent 
H 

0.84 

0.61 

0.48 

0.40 

Percent 
c 

10.06 

7.33 

5.76 

4.75 

Percent 
Cl 

89.10 

43.28 

17.02 

0.00 

Percent 
Br 

0.00 

48.78 

76.74 

94.85 
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Mineral Concentrations of 1982-1991 MWQI 
Monthly Samples from the Sacramento River at Greene's Landing 
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Mineral Concentrations of 1982-1991 MWQI 
Monthly Samples from Mallard Island (Chipps Island) 
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Figure C1-16. 
DOC and C-THM Concentrations of 1982-1991 MWQI 
Monthly Samples from Mallard Island (Chipps Island) 
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Figure C1-18. DELTA WETLANDS 
PROJECT EIR/EIS DOC and C-THM Concentrations of 1982-1991 MWQI 

Monthly Samples from Rock Slough (CCWD Delta Diversions) Prepared by: Jones & Stokes Associates 
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Mineral Concentrations of 1982-1991 MWQI 
Monthly Samples from Banks Pumping Plant (SWP Delta Exports) 
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Figure C1-20. DELTA WETLANDS 
PROJECT EIR/EIS DOC and C-THM Concentrations of 1982-1991 MWQI 

Monthly Samples from Banks Pumping Plant (SWP Delta Exports) Prepared by: Jones & Stokes Associates 
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Appendix C2. Analysis of Delta Agricultural Drainage 
Water Quality Data 

SUMMARY 

This appendix presents an analysis of available data on Delta agricultural drainage to provide background 
information for the analysis of potential effects of Delta Wetlands (DW) project discharges on Delta water quality. The 
relationships between agricultural drainage and other water budget terms are described and data from Delta island 
drainage measurements, including measurements from the DW islands, are assessed. The appendix shows the 
relationships between dissolved organic carbon (OOC) and other water quality variables, and identifies correlations 
between measurements of different variables that can be used to estimate trihalomethane formation potential (I'HMFP) 
of DW discharges. 

INTRODUCI'ION 

This appendix presents an analysis of available data 
on Delta agricultural drainage water quality. These data 
will be used to assess impacts of the DW project on Delta 
water quality. A potential water quality impact of primary 
concern is the project's contribution to the fonnation of 
trihalomethane (THM) in municipal water supplies from 
the Delta. The constituent of particular interest in water 
discharged from the DW project islands is DOC, which 
is the major organic precursor ofTHM. 

This appendix reviews and summarizes available 
data on Delta agricultural drainage water quality, includ­
ing measurements from drainage pumps on the four DW 
project islands, Bouldin and Bacon Islands and Webb and 
Holland Tracts. Also evaluated are water quality data 
from the California Department of Water Resources 
(DWR) 1955 Delta Drainage Study and the DWR 
Municipal Water Quality Investigations (MWQI) pro­
gram for water years 1986-1991 (DWR 1994 ). 

Delta drainage is oiily one component of the com­
plete water budget for Delta agricultural lands. Under­
standing the water budget terms is important for inter­
preting data on salt and DOC in agricultural drainage. 
This appendix first discusses the water budget for Delta 
islands in agricultural production and then describes the 
1955 data on drainage salinity and estimated total dis­
solved solids (IDS) and the 1986-1991 data on drainage 
electrical conductivity (EC), DOC, TIIMFP, and other 
water quality variables. 
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DELTA AGRICULTURAL 
WATER BUDGET 

General Water Budget Term• 

Figure C2-1 shows a conceptual diagram of the 
generalized water budget for Delta agricultural islands. 
The equations at the bottom of the figure summarize the 
soil water balance, soil salt (EC) balance, and soil DOC 
balance terms. These terms are described in the follow­
ing sections. The water budget terms include evapo­
transpiration (ET), rainfall, soil moisture storage, seepage 
from Delta channels, leaching to shallow groundwater, 
irrigation water, water applied for salt leaching, and 
pumped drainage water. Shallow groundwater under­
lying agricultural land may contribute water to soil 
moisture as seepage from Delta channels, or may receive 
water as leachate from excess soil moisture. 

Identifying the magnitude of these water budget 
tenns, even on a monthly average basis averaged across 
the Delta islands, is wx:ertain. The most commonly mea­
sured tenns are rainfall (at weather stations) and drainage 
volume (calculated using electrical power consumption 
and efficiency tests at specific drainage pumps). Crop ET 
terms are often estimated from pan evaporation data, 
meteorological conditions, or assigned assumed values 
for each crop type. 

Few measurements of water application rates are 
available. Water applied for irrigation or salt leaching is 
obtained from numerous· siphons around island margins; 
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flows through the siphons vary with the tidal cycle. Soil 
moistw-e storage can be estimated from soil moisture 
probes (e.g., neutron probes) used for special studies at 
specific locations, but such data are not routinely avail­
able. Seepage from shallow groundwater and drainage to 
shallow grotmdwater are virtually impossible to measure 
and are often estimated as the difference between other 
water budget terms. 

A reasonably accurate water budget could be esti­
mated ftom the combination of rainfall, assumed ET, and 
drainage volumes. Unfortunately, drainage volumes are 
not routinely measured in the Delta. DWR roughly esti­
mates consumptive use of channel water from the rainfall 
and asswned ET values, adjusted by assumed patterns of 
maximum and minimum soil moisture storage on the 
islands. DWR used this technique in the monthly con­
sumptive use model that is applied to the Delta lowland 
and upland areas (DWR 1979). The results are used as 
inputs for the DWRSIM model (see Appendix A 1, "Delta 
Monthly Water Budgets for Operations Modeling of the 
Delta Wetlands Project"). 

The difference between the water demand needed to 
supply ET and the available water from soil moisture is 
the minimum irrigation amount required to supply the 
assumed crop ET. The DWR consumptive use model 
does not estimate excess water applied during the irri­
gation season, nor does it estimate the water applied for 
salt leaching in winter, these terms must be specified as 
model assumptions. 

An irrigation efficiency coefficient can be specified 
to represent the drainage volume associated with irriga­
tion water. A common estimate of irrigation efficiency is 
700/o. For each inch of irrigation water applied, 0. 7 inch 
supplies the ET demand, while 0.3 inch leaches to the 
shallow groundwater or flows into drainage canals to be 
pumped back to Delta channels. 

Delta Water Budget Terms from 
1955 DWR Studies 

DWR investigated Delta water budget terms in a 
series of five studies conducted during 1954-1955 to 
determine the basic hydrology and water quality charac­
teristics of the Delta (DWR 1956). Because there has not 
been a more recent intensive measurement program for 
Delta water use, the results from this series of studies will 
be summarized as the best available estim.ates of Delta 
agricultural water use patterns. 

Water year 1955 was a dry year according to the 
four-river Sacramento Basin Index. Historical monthly 
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average Delta outflow estimates (from DWR's DAY­
FLOW database) for water year 1955 are as follows: 

October 1954 
November 1954 
December 1954 
January 1955 
February 1955 
March 1955 
Apri11955 
May 1955 
Jtme 1955 
July 1955 
August 1955 
September 1955 
Annual average 

8,900 cfs 
17,800 cfs 
27,400cfs 
30,200cfs 
18,100 cfs 
13,900 cfs 
13,000cfs 
19,000 cfs 
7,000 cfs 
2,300 cfs 
3,100 cfs 
6,000 cfs 

13,800 cfs 

Report No. 4, "Quantity and Quality of Waters 
Applied to and Drained from the Delta Lowlands", pro­
vided estimates of monthly Delta water budget terms for 
24 groups of Delta islands and tracts, occupying 469,000 
acres in the Delta lowlands. Delta channels occupied 
42,000 acres, drainage channels and ponds occupied 
7,000 acres, and drained land occupied the remaining 
419,000 acres. During 1955, approximately 374,000 
acres were in agricultural use and, of these, about 
292,000 acres were irrigated. 

The four OW project islands were located in four 
different study units for the DWR (1956) study: Bacon 
Island in tmit 22, Bouldin Island in unit 18, Holland Tract 
in unit 16, and Webb Tract in unit 15 (Figure C2-2). 

DWR (1956) estimated drainage data for each month 
from May 1954 to October 1955 from power consump­
tion and pump efficiency tests. This effort remains the 
most comprehensive drainage study attempted by DWR. 
Irrigation volumes were measured, however, on only a 
few fields (3,369 acres total) for each month between 
May and October of 1954. Neither preseason irrigation 
used to increase soil moisture nor water applied for salt 
leaching in winter was measured. 

The other water budget terms for the 1955 DWR 
study were rainfall measurements and estimated monthly 
ET values for each crop. A balanced water budget 
should have resulted, but the sum of the rainfall and 
applied water tenns (measured inflows) was substantially 
less (40% less) than the sum of the ET and drainage 
volumes (total outflows). The combination of seepage 
and wnneasured applied water (unmeasured inflows) was 
a major water budget tenn, which can be estimated as the 
difference between the other terms. 

Table C2-l shows the estimated annual (water year 
1955) Delta lowlands water budget terms for each study 
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unit in the DWR investigation (DWR 1956). Values for 
the water budget terms have been converted to inches of 
water for the entire area of each study unit so that the 
watec budgets for each study unit can be compared. The 
avenge estimater! water budget terms for the entire Delta 
lowlands drained area (4I9,000 acres) for water year 
1955were: 

• Outflows: 20.I inches of drainage water and 
33.2 inches of assumed ET and 

• Inflows: I4.2 inches of rain and I8.8 inches of 
applied irrigation water in the April-October 
period. 

An imbalance in the water budget occurred because 
a total of 53.3 inches of water losses were estimated but 
only 33.0 inches of rainfall and applied water were 
estimated This required that 20.3 inches of unmeasured 
seepage, preseason irrigation, or leaching water be 
assumed to balance the water budget. 

The amowtt of estimated drainage varied drama­
tically between the study units (Table C2-I ). The highest 
annual drainage was 74.4 inches from study unit 22, and 
the lowest annual drainage was I. 7 inches from study unit 
2. Some variation in drainage estimates was caused by 
differing percentages of units under irrigation, and some 
was the result of differing crops, soils, and irrigation 
practices. 

Table C2-I indicates that water budgets for some 
study units were reasonably well balanced (i.e., values of 
"missing water" were near zero). Two units (2 and 27) 
had greater inflows than estimated losses. Many of the 
study units, however, had much higher drainage volumes 
than estimated inflows of water, suggesting that un­
measured water was applied during irrigation or supplied 
as seepage from Delta channels. Estimates of missing 
water ranged from less than 5 inches for some study units 
to more than 75 inches for study unit 22 (which included 
Bacon Island). 

Figure C2-3 shows estimates of monthly irrigation 
depths for the four study uuits containing the DW project 
islands. The water was applied predominantly from June 
through September. Irrigation estimates were quite 
uniform for the four study units, differing only because of 
crop acreage. Cumulative estimates of applied water 
ranged from I6.7 inches for study unit 22 containing 
Bacon Island to 22.9 inches for study unit I8 containing 
Bouldin Island. 

Figure C2-4 shows the corresponding measured 
monthly drainage depths for the four study units contain­
ing the DW project islands. Drainage occurred predomi-
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nantly during winter (from excess rainfall and leaching 
practices) and the irrigation season. Measured cumula­
tive drainage depths differed widely among the four study 
units, ranging from 15.8 inches for study unit 16 con­
taining Holland Tract to 74.4 inches for study unit 22 
containing Bacon Island. 

DW Project bland Drainage 
Recorda from 1986 to 1992 

Jooes & Stokes Associates {]SA) obtained monthly 
pumping recmJs from the four DW islands for the I986-
I992 period. Monthly pumping records from Bouldin 
Island are available beginning in 1986, Bacon Island 
pumping records begin in 1988, and Webb and Holland 
Tract records start in 1990. These data are summarized 
as inches of drainage in Table C2-2 and are compared 
with the estimates for the I955 DWR study units. 
Inches of drainage are calculated from the drainage vol­
ume (in acre-feet [at]) and area (in acres) as follows: 

Inches of drainage = drainage volume ( af) 
• I2 inches/foot+ total area (acres) 

The estimated monthly drainage depths for the DW 
islands were quite variable between islands as well as 
between months. Monthly pumping estimates have 
varied from less than I inch to more than I 0 inches. 
Armual estimates for individual islands have varied from 
II inches to more than 7 5 inches. Drainage volumes 
have generally followed a double-peak pattern, with high 
pumping in winter because of excess rainfall and salt 
leaching practices and high summer pumping in response 
to excess irrigation. 

Estimated pumping on Bacon Island during the 
irrigation season is extremely high, averaging more than 
6 inches per month for 5 months each year (Table C2-2). 
High swmner pwnping is apparently caused by the water 
management required for the types of row crops grown 
on Bacon Island. Pumping for Bouldin Island in 1990 
and for Webb and Holland Tracts in 1990 and I99I was 
lower than normal because of reduced agricultural use 
during levee rehabilitation and participation in the DWR 
emergency water bank program. Variations in irrigation 
practices, leaching practices, and seepage account for 
major differences between islands. 

The annual pumping estimates shown at the bottom 
ofT able C2-2 indicate that drainage volumes have been 
relatively uniform on each DW project island. This 
uniformity indicates that the pattern of irrigation and 
leaching practices may be generally identified for each 
Delta agricultural island with this type of monthly 
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pumping mooitoring. Additiooal pumping during winters 
of wet years is expected, as shown for Bouldin Island in 
1986, but only dry year records were available for the 
other three islands. 

DELTA AGRICULTURAL 
SALT BUDGET 

Salt budget terms are directly associated with the 
watec budget terms, as shown in Figure C2-1, and each of 
the water budget terms has an associated salt concen­
tratioo (ocEC value). Salt is normally measured as IDS 
orEC. 

Soil Salt 

Soil salt is the salt associated with the soil moisture 
watec storage tenn. Rainfall and ET are asswned to have 
salt concentrations of zero, so soil moisture salt concen­
trations are diluted by rain but are increased as soil mois­
ture is lost to ET. The combination of applied water 
(irrigation or seepage) and ET water loss are therefore 
the basic mechanisms for soil salt buildup. 

Applied water adds to the soil salt storage in propor­
tion to the channel water salt concentration. Seepage 
from channels to shallow groundwater adds to the soil 
salt storage in proportion to the shallow groundwater salt 
concentration. Seawater intrusion or upstream sources 
contribute indirectly to the salt budget by increasing the 
salt concentratioo of water in Delta channels and shallow 
groundwater. 

Foc soil salt to maintain a long-term balance, drain­
age water m\N cany away all the salt brought into islands 
in applied or seepage water. The amount of salt in 
applied irrigation water or seepage water left behind in 
the soil as the water is lost to ET must be drained away 
fium the soil moisture salt storage term sometime during 
the year. 

Soil salt concentrations can be measured in saturated 
soil sample extracts or with EC probes placed in the soil 
column. Soil moisture salt measurements are not routine­
ly available, however, for the Delta agricultural islands. 
The salt concentration of applied water can easily be 
estimated from Delta channel EC measurements. Seep­
age salt concentrations from shallow groundwater are 
more difficult to estimate. The applied and seepage water 
volwnes are not measured directly, however, so the 
applied salt load is difficult to calculate. 
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If 2 feet of applied water are needed to supply ET 
and the applied water has an average IDS concentration 
of200 milligrams per liter (mg/1), the applied salt load is 
calculated as follows: 

Applied salt (tons/acre)= 2 af • 200 mg/1 • 
0.00136 = 0.544 tons/acre 

where 0.00136 is the appropriate conversion 
between these units. 

lfmoce applied water is necessary to supply ET or if the 
applied water has a higher average salt concentration. a 
greater load of salt is delivered and must be drained away 
to maintain a salt balance. 

An excess salt load may remain in the soil colwnn 
until rainfall oc leaching water is applied during winter if 
it is not drained away during the irrigation period. Soil 
salt may accwnulate for several months and then be 
removed by leaching practices. 

The Delta com salt tolerance experiments (Hoffman 
et al. 1983) demonstrated that soil salt concentrations 
depend on the irrigation methods used. Sprinklers or 
furrow irrigation provide continual drainage of excess 
soil salt. whereas sub-irrigation using wspudw ditches 
allows salt to accwnulate during the growing season. 

Salt concentrations in drainage water are highly 
variable because: 1) the salt concentration in applied 
irrigatioo water changes with upstream sources or salinity 
intrusion in the Delta, 2) the amount of excess salt that is 
removed from the soil salt storage varies with irrigation 
scheduling and farming practices, and 3) the amount of 
excess water siphoned into Delta island irrigation ditches 
is unpredictable. Drainage salt concentrations will there­
fore fluctuate between relatively low values characteristic 
of the applied water salt concentration and very high 
values characteristic of the soil salt concentrations at the 
end of the growing season (or after a sequence ofyears) 
when a maximwn of salt has accwnulated. 

If drainage volwnes and associated salt concen­
trations are carefully monitored for several years, the 
average salt load in the drainage water should equal the 
average applied salt load, unless a source of salt exists in 
Delta croplands (e.g., salt originating from fertilizer 
application or from dissolution of minerals in the soil). 
There would be seasonal and year-to-year changes in soil 
salt and drainage salt concentrations. 
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Salt Concentration• in Irrigation 
and Drainage Water 

DWR Report No. 4 (DWR 1956) provided esti­
mates of applied and drained salt budget terms for water 
year 1955 for the 24 groups of Delta islands and tracts. 
Sc:me of the drainage salt estimates were extremely high 
cxmpan:d with the expected accumulation from ET or the 
estimated applied salt terms. 

Figure C2-5 shows estimates of average monthly 
applied irrigation salt concentrations in TDS for the 
fow- study units containing the OW project islands for 
water year 1955. The TDS concentrations ranged from 
100 mgll to 500 mgll and were apparently estimated from 
measw-ed channel salt concentrations for each study 
unit area. Other study units in the Delta had different 
TDS concentrations because of salinity intrusion effects 
and different drainage and salt leaching practices 
(Table C2-l ). 

Figure C2-6 shows the estimates of average monthly 
drainage salt concentrations for the fow- study units 
containing the OW project islands for water year 1955. 
These drainage TDS concentrations, estimated from 
1l1CIISlD"ed drainage salt concentrations, ranged from 200 
mgll to 1 ,400 mg/1. Other study units had different drain­
age concentrations because of salinity intrusion effects 
and different drainage and salt leaching practices 
(Table C2-l). 

The ratio between average drainage TDS concen­
tration and average applied TDS concentration is a 
general indicator of the volwne of drainage compared 
with the volwne of applied water (including seepage) if 
the salt load is balanced. For example, if the drainage 
volwne was one-third of the applied water volwne, the 
drainage salt concentration should be three times as high 
as the average salt concentration in the applied water if 
the salt load is balanced. Table C2-l indicates that the 
average ratio of drainage salt to applied salt concentration 
ranged from about I to 6, although the majority of the 
study units had ratios between 2 and 4. 

Salt Load• in Irrigation and 
Drainage Water 

Table C2-l indicates that the annual applied salt load 
for all the study units averaged 0.44 tons/acre, but ranged 
from about 0.2 tons/acre to 2.0 tons/acre. 

Figure C2-7 shows the estimates of average monthly 
applied irrigation salt loads (tons/acre) for the four study 
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units containing the OW project islands for water year 
1955. The monthly salt loads, ranging from 0.05 tons/ 
acre to 0.25 tons/acre, were estimated from measured 
channel salt concentrations and the estimated irrigation 
volwnes for each study unit area during the irrigation 
season. The salt load from seepage or other missing 
water is not included. Other study units had different 
moothly salt loads because of salinity intrusion effects and 
different drainage and salt leaching practices. 

Figure C2-8 shows the average moothly drainage salt 
loads (toos/acre), estimated from measured drainage salt 
concentrations and volwnes, for the fow- study units 
containing the OW project islands for water year 1955. 
The monthly drainage salt loads ranged from 0.05 tons/ 
acre to 0.60 tons/acre. Other study units had different 
drainage salt loads because of salinity intrusion effects 
and different drainage and salt leaching practices. 

Table C2-l indicates that the annual drainage salt 
load for all the DWR (1956) study units averaged 1.27 
tons/acre, but ranged from about 0.2 to more than 4.0 
tons/acre. The large difference between the measured 
drainage salt load and the estimated applied salt load for 
some of the study units indicates that the salt budget is out 
of balance, just as the water budget terms did not balance 
for some of the study units. If the missing water is 
asswned to have the same average salt concentration as 
the applied water, a substantial portion of the missing salt 
term can be accounted for. 

The Delta drainage water and salt measw-ements 
indicate that the amount of water and salt drained from 
various study units varies widely. Nevertheless, the water 
and salt budgets must be balanced and consistent 
Monthly drainage salt concentrations vary dramatically, 
but the average drainage salt concentration is approxi­
mately 2-4 times as high as the average applied salt 
concentration (Figures C2-5 and C2-6), suggesting that 
the drainage volwne is 25%-500/o of the applied water if 
the overall Delta lowlands salt load was in balance during 
the study period. 

DELTA AGRICULTURAL DISSOLVED 
ORGANIC CARBON BUDGET 

The DOC budget terms for Delta agricultural islands 
are identical to the salt budget terms, with the addition of 
source terms representing residues of vegetation decay 
and peat soil decomposition and sink terms representing 
the decomposition of DOC (to carbon dioxide or 
methane) (Figure C2-l). If the decomposition ofDOC is 
asswned to be relatively slow (see Appendix C3, "Water 
Quality Experiments on Potential Sources of Dissolved 
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Organics and Trihalomethane Precmsors for the Delta 
Wetlands Projectw), then DOC in the soil column is 
diluted by rainfall and cooccntrated by ET water loss, just 
as soil salt is. DOC is added to the soil DOC storage 
term by the applied irrigation and seepage water, just as 
salt is added. 

In addition, DOC is added to the soil column from 
crop vegetation residues and from decomposition of 
organic peat soil. Although most decomposition of vege­
tation or peat soil produces carbon dioxide that is lost 
ftom the soil, a small amount of DOC is added to the soil 
column by decomposition. DOC may accmnulate in the 
soil column or be leached out of the soil column like salt 

Drainage water DOC concentrations are determined 
by initial DOC concentration in Delta channel water, 
effects of accumulation from ET and leaching from the 
crop root zone, the addition of DOC from vegetation 
decay and peat decomposition, and the possible accumu­
lation of the DOC in the soil column. If sources or sinks 
ofDOC existed, drainage DOC concentrations would be 
expected to fluctuate just as the drainage salt concentra­
tions do, reflecting the same patterns of accumulation and 
leaching from the soil column. 

Island drainage from peat soils is a likely source of 
DOC. Therefore, drainage concentrations of DOC in 
excess of those calculated from the drainage EC and 
DOCIEC ratios for applied water provide a direct 
measure of the fraction of the drainage DOC originating 
from various sources of DOC. Alternatively, the ac­
cwnulation or decomposition of applied DOC in the soil 
column can be calculated as the difference between the 
DOC concentration expected from the drainage EC and 
the applied water channel DOCIEC ratio and the mea­
sured drainage DOC. 

For example, assume that Sacramento River water 
with an average EC value of 200 J.J,S/cm and an average 
DOC concentration of 2.5 mg/1 is applied onto Bouldin 
Island as inigation water. If drainage water samples from 
Bouldin Island had an EC value of about 450 J.J,Sicm, 
the expected DOC concentration (assuming no source 
or loss of DOC) would be 6.25 mg/1 (450/200 • 2.5 = 
6.25). Each drainage sample would have a different EC 
value, indicating some salinity increase from ET and salt 
leaching. 

The DOC concentration in each drainage sample is 
expected to increase accordingly. If the observed DOC 
concentration is higher than the expected DOC concen­
tration, a source of DOC is indicated. If the observed 
DOC concentration is less than the expected DOC con­
centration, a loss ofDOC is indicated. The average DOC 
coocentration increase (above the expected DOC concen-
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tration) can be multiplied by the drainage depth (m) to 
estimate the source of DOC in units of glm2. Several 
examples of these DOC source calculations are given in 
the next section. 

Peat soils in the central Delta may produce more 
than the average Delta drainage volume per acre 
(Table C2-l). DWR (1990) therefore suggested that 
the mass loading of DOC from the central Delta would 
be correspondingly higher. This prediction can only be 
demonstrated by a combination of higher drainage 
volume and equal or greater drainage concentrations. 
The DWR (1990) report does not provide drainage 
volume estimates; therefore, the relative contribution of 
various Delta islands and tracts remains uncertain. 

DWR MWQI AGRICULTURAL 
DRAINAGE MEASUREMENTS 

FROM 1986 TO 1991 

Figure C2-2 shows locations where Delta agricul­
tural drainage samples were collected by the DWR 
MWQI program during the 1986-1991 period (the study 
is ongoing). The data are summarized in Table C2-3 by 
groups of drainage pumps sampled and are described in 
this section. Data collection goals and protocols are 
described in a series of reports from the MWQI program 
(DWR 1990). 

The MWQI measurements of drainage EC from 
many of the drains show a strong seasonal pattern, with 
the highest EC values in drainage water during winter 
(DWR 1990). EC values for each group of drainage 
pmnps generally range from the low values characteristic 
of Delta channel water (200-400 J.J,S/cm) to much 
higher values (1,000-2,000 J.J,S/cm). This range in 
drainage EC values is expected because of the variation 
in Delta irrigation, leaching, and drainage practices. 

Bacon Island 

Figure C2-9 shows drainage measurements for 
chloride (CI") and DOC as a function of the drainage 
EC value in Bacon Island samples. The range of drain­
age EC values varied from about 0.4 mS/cm to 1.0 
mS/cm, with a mean EC value for these samples of about 
0.65mS/cm. 

ct· is used as an indicator of the source of irrigation 
water, as described in Appendix C 1, w Analysis of Delta 
Inflow and Export Water Quality Dataw. The CI"IEC ratio 
of almost 0.2 in the drainage water indicates a substantial 
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inftuence from seawater intrusion in Bacon Island drain­
age (at least during the drought period sampled). 

DOC is used as the general indicator of organic 
compounds in drainage samples that may form disin­
fection byproducts (DBP) such as 111M when water is 
chlorinated DOC concentrations arc plotted as a func­
tion of EC to investigate the possible relationship be­
tween drainage EC and DOC. If DOC behaves as a 
conservative dissolved substance, it is reasonable to 
suppose that DOC accwnulates in soil moisture in the 
same manner that salt does. 

The same leaching and drainage processes that 
eventually retwn salt to Delta channels in agricultural 
drainage should also return accumulated DOC material. 
A range of DOC values should be observed, just as a 
range ofEC values is measw-ed. Whereas no significant 
source or sink for salt exists on Delta islands, a signi­
ficant source or sink for DOC material may exist If an 
island source of DOC exists, DOC concentrations in 
drainage water would exceed DOC values expected 
based oo DOC concentrations in applied irrigation water. 

Figure C2-9 indicates that DOC concentrations in 
Bacon Island drainage are variable but do not increase 
with drainage sample EC values. The mean Bacon Island 
drainage DOC concentration of9.4 mgll is higher than 
concentrations in Delta inflows (discussed in Appen­
dix C 1) but only moderately high relative to other drain­
age samples (see Table C2-3). The average of the 
dramage sample DOC concentrations only roughly 
approximates the average DOC concentration from 
Bacon Island because the volume of drainage associated 
with each sample is not known. 

The mean EC value in drainage water can be used to 
estimate the expected average increase from channel EC 
values to drainage EC values. For example, if the 
average channel EC value used for irrigation of Bacon 
Island was assumed to be similar to the lowest EC value 
of about 400 JJS/ctn obsenred in drainage and the average 
drainage EC value is 650 JJS/cm. the ratio of drainage EC 
to applied EC would be 1.62. This ratio is near the low 
end of the typical ratio v&Iues identified in the 1955 DWR 
studyofDelta drainage (see last column in Table C2-l). 

This modeme increase in drainage EC values above 
channel EC values foc Bacon Island drainage is consistent 
with the measured 1988-1992 Bacon Island drainage 
volumes. The drainage volumes from Bacon Island were 
very high (69 inches) compared with those from other 
DW islands (see annual summarY at the bottom of 
Table C2-2) and other DWR study units (Table C2-l). 
Therefore, the expected increase in drainage salt con-
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centration from Bacon Island would be relatively low 
because ·of the dilution effect 

If the drainage-to-applied EC ratio is used with the 
measured DOC concentrations, the expected average 
increase from channel DOC to drainage DOC concen­
trations would also be a factor of 1.62. If the average 
channel DOC concentration was assumed to be 3 mg/1 
(Appendix C1), an average of 4.8 mgll (3 x 1.62) of 
DOC would be expected in drainage water if a source 
of DOC did not exist on the island. 

The difference between the measured DOC (9.4 
mgll) and the expected DOC (4.8 mgll) of 4.6 mg/1 
(g/m3) can be used as an estimate of the contribution of 
DOC from agricultural practices. Thus, the DOC con­
centrations being discharged in drainage water can be 
partitiooed into estimates of the agricultural contribution 
of DOC and the channel contribution of DOC. Multi­
plying the source concentration by the average drainage 
depth gives a DOC loading estimate for Bacon Island of 
about 8 grams per square meter per year (glm2/year) ( 4.6 
glm3 x 69 inches x 0.25 mfmch = 8 glm2

). 

Bouldin &land 

Figure C2-1 0 shows drainage measurements of 
DOC, c1·, and EC for Bouldin Island. Sampling at the 
Bouldin Island drainage pumps began in 1986, so more 
samples have been collected and analyzed for the three 
constituents. Drainage EC values are generally 200-300 
JJS/cm in the summer irrigation season, suggesting very 
little increase above EC concentrations in water diverted 
onto the island in summer (the assumed source of 
Bouldin Island irrigation water is the Sacramento and 
Mokelumne Rivers). Wmte:r EC values in Bouldin Island 
drainage are generally several times higher than summer 
values, with a maximum observed EC of about 950 
JJS/cm. The average EC value was 430 JJS/cm. about 2.5 
times the minimum observed value of 180 JJS/cm. This 
ratio of drainage-to-applied EC is larger than the Bacon 
Island ratio and consistent with the average measured 
volume ofBouldin Island drainage of 33 inches, less than 
half of the average drainage volume for Bacon Island 
(Table C2-2). 

The average c1· concentration was 32 mgll and the 
Cl"IEC value for Bouldin Island drainage samples was 
less than 0.1, indicating that Sacramento River was the 
primary source of irrigation water. 

Figure C2-10 indicates that the drainage DOC 
concentrations generally increased with drainage EC 
values; the mean of 34.3 mgll is much greater than the 
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average DOC for Bacon Island. Because Sacramento 
River DOC concentrations (see Appendix C 1) are rela­
tively constant at about 2.3 mg/l (with an EC value of 
163 J,tSian): the expected DOC cmcentration in drainage 
water having a EC value of I ,000 J,tSicm would be 
14 mg/1 (1,000/163 X 2.3). 

A line can be drawn on Figure C2-l 0 from the origin 
through the assured source water quality (2.3 mg/l DOC 
at 163 J,tSian EC). Drainage DOC concentrations above 
this line would suggest a source of DOC~ drainage DOC 
concentrations below this line would suggest a sink of 
DOC. DOC concentrations in all of the Bouldin Island 
drainage samples are located above this line (i.e., greater 
than expected DOC concentrations), suggesting a major 
sourceofDOC. 

Based on the mean values shown in Figure C2-10, 
the expected DOC at an EC of 430 J,tS/cm would be 
about 6.5 mg/1. Apparently, the additional 27.8 mg/1 
(34.3 - 6.5) represents the average DOC concentration 
contributed by sources on Bouldin Island. Multiplying 
the source concentration by the average drainage depth 
gives a DOC loading estimate for Bouldin Island of 
23 glm2/year (27.8 glm3 x 33 inches x 0.025 mfmch = 
23 g/m2

). 

Holland Tract 

Drainage EC values for Holland Tract were much 
higher than for Bacon and Bouldin Islands, with values 
between about 600 and 2,000 J,tS/cm (Figure C2-ll ). 
The average drainage EC value was 1 ,090 JJS/cm, about 
1.8 times the minimum observed value of 600 J,tS/cm 
(assumed EC of applied water). Holland Tract is located 
across the Old River channel from Bacon Island, so 
water quality of applied irrigation water is assumed to 
be similar. Irrigation practices are apparently much 
different, however, yielding a different drainage quality. 
The higher EC values in Holland Tract drainage are 
consistent with the lower average measured volume of 
Holland Tract drainage water ofless than 20 inches. 

The average c1· concentration in Holland Tract 
drainage water was 199 mg/1~ the Cl"/EC value for 
Holland Tract drainage samples was about 0.2, similar to 
the value for Bacon Island. This Cl"/EC value indicates 
that seawater intrusion was a significant source of salt in 
Holland Tract irrigation water. 

Figure C2-ll indicates that the drainage DOC con­
centrations generally did not increase dramatically with 
drainage EC values, with a mean of only 19.3 mg/1, about 
twice the average DOC for Bacon Island. The expected 
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DOC at an EC of 1,000 J,tS/cm would be about 5 mg/1. 
The estimated source loading of DOC would be about 
6 glm2/year ([19.3-5] x 16 inches x 0.025 mfmch). 

Webb Tract 

Most drainage EC values for Webb Tract ranged 
between about 500 J,tS/cm and I ,500 J,tSicm, but three 
values were between 2,000 J,tSicm and 2,500 J,tS/cm 
(Figure C2-12). The Webb Tract drainage concentra­
tions were similar to those in the Holland Tract samples. 
The concentration similarity is generally consistent with 
the similar source for irrigation water and the measured 
drainage volumes of less than 20 inches for both islands. 

For Webb Tract drainage samples, the average c1· 
concentration was 160 mg/l~ the Cl"/EC value was about 
0.2, similar to the values for Holland Tract and Bacon 
Island. Thus, seawater intrusion was also a significant 
source of salt in Webb Tract irrigation water. 

Figure C2-12 indicates that the drainage DOC 
concentrations generally did not increase dramatically 
with drainage EC values; the mean of 25.1 mg/1 is slightly 
higher than Holland Tract DOC concentration and more 
than twice the average DOC concentration for Bacon 
Island. The expected DOC concentration in Webb drain­
age at an average EC of 1 ,000 J,tS/cm would be about 
5 mgll. The estimated source loading of DOC would be 
about 10 g/m2/year (20 glm3 x 20 inches x 0.025). 

Other Delta bland Drainage 
Samples 

Figures C2-13 through C2-24 show drainage EC and 
concentrations of c1· and DOC from 12 additional Delta 
locations. Some data are from a single island, while 
others are from several nearby islands. Table C2-3 
provides a summary of the average values of water 
quality measurements for each group of drainage 
samples. The entire data set used to perform this analysis 
of Delta agricultural drainage is available from the lead 
agenc1es. 

For each set of drainage measurements, the range of 
drainage EC values corresponds to variations in drainage 
and leaching practices. The average EC value is typically 
two to three times the minimum observed EC. The 
Cl"IEC values given in Table C2-3 indicate the likely 
source of the irrigation water applied to each island. 
Cl"/EC values are normally between 0.05 (Sacramento 
River source) and 0.15 (San Joaquin River source)~ 
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values approaching 0.20 indicate a significant seawater 
influence (or a groundwater source). 

Average DOC values indicate the magnitude of the 
on-island source of organic precursors ofDBP. If the 
DOC average is greater than two or three times the 
asswned channel DOC concentrations (3-4 mg/1), a 
significant source ofDOC is present. Interestingly, some 
islands have average drainage DOC concentrations that 
are less than the values expected based on the average 
EC increase, suggesting that some of the applied DOC is 
adsorbed, retained, or otJ:awise lost from the drainage on 
these islands. 

DWR MWQI AGRICULTURAL 
DRAINAGE MEASUREMENTS 

OF UV A AND C-THM 

Important variables related to the presence of 
organic precursors of DBP are ultraviolet absorbance 
(UV A. at a wavelength of 254 nanometers [om]) and the 
carbon portion of THM molecules (C-THM). The 
available drainage measurements suggest that both 
of these variables are directly related to DOC (see 
Figures C2-25 through C2-29). Because UV A and DOC 
are both relatively easy to measure in comparison with 
the 7 -day chlorination and analytical procedure for 111M 
concentrations, additional attention should be given to 
UV A and DOC as monitoring variables for potential 
sources of THM precursors in the Delta. 

Figure C2-25 shows the relationships of UV A 
(1/cm) and C-THM (ugll) with DOC (mgll) concen­
trations for Bacon Island. As a general guide, the C­
THM concentration in a water sample, after a 7 -day 
chlorination with an initial chlorine dose of 120 mg/1, is 
about I% of the DOC concentration. The Baccin Island 
drainage samples appear to follow this rule. 

Also as a general guide, the UV A value, in units of 
1/cm, is about 5% of the DOC concentration (mg/1). The 
data from Bacon Island drainage samples also follow 
this rule. 

Figure C2-26 shows the UV A and C-THM data 
from Bouldin Island drainage samples. The available 
UV A values (measurements began in 1990) follow the 
relationship of 5% of DOC to maximum obseJVed DOC 
concentrations of about 55 mg/1. 

The relationship between C-THM and DOC appears 
reasonably linear at DOC concentrations of less than 
30 mgll (see Appendix C3, "Water Quality Experiments 
on Potential Sources ofDissolved Organics and Trihalo-
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methane Precursors for the Delta Wetlands Project"); 
about 1% of the DOC ends up as C-THM, for DOC 
values of less than about 30 mg/1 (Figure C2-26). For 
higher DOC concentrations, however, a plateau of 
C-THM: values is apparent, with an average of about 
300 .ug/1 of C-THM for all DOC values above 30 mg/1. 
. This apparent "saturation" effect of the C-THM measure­
ments at high DOC concentrations has been explored in 
recent studies by DWR and the Metropolitan Water 
District of Southern California (MWD) (DWR 1992). 
These studies have found that a certain amount of 
chlorine is required to fully process DOC and yield 
the maximum possible THM molecules. Recent MWQI 
measurement procedures have incorporated this effect of 
variable chlorine dose. 

To overcome the saturation effect, MWD has 
selected a chlorine dose of three times the DOC concen­
tration for its THMFP testing program. In contrast, as 
drainage DOC concentration increases above 40 mg/1, the 
standardized chlorine dose in the THMFP test used by 
DWR (120 mgll of chlorine) is insufficient to fully 
process the DOC and form the maximum 111M concen­
tration. The standard test for THMFP used by DWR is an 
adequate indicator of organic precursors for DOC con­
centrations below about 30 mg/1, representing the major­
ity of Delta drainage samples (see Appendix C3 for 
additional discussion). 

Figure C2-27 shows UV A and C-THM data from 
Holland Tract drainage samples. The UV A values follow 
the 5% of DOC guideline, and the C-THM values are 
slightly greater than 1% of the DOC concentrations. The 
relationship between C-THM and DOC remains linear 
because no DOC values above 40 mg/1 were detected, 
and thus the standard THMFP test with 120 mg/1 of 
chlorine provided the maximum yield of C-THM. 

Figure C2-28 shows UV A and C-THM data from 
Webb Tract drainage samples. The UVA values again 
represent about 5% of the DOC concentration, and the C­
THM: values are approximately I% of the DOC concen­
trations. The relationships between DOC and both UV A 
and C-THM: appear to be consistent for drainage samples 
from the four OW project islands. 

Figure C2-29 indicates that the relationships be­
tween DOC and UV A measurements and C-THM yield 
from DWR's standardized test procedure for THMFP are 
relatively consistent for the DWR MWQI program 
samples. These samples, with DOC concentrations rang­
ing from less than 5 mg/1 to more than 50 mg/1 and from 
a wide variety of Delta drainage locations in all seasons 
of the year, show a consistent pattern between these three 
variables. 
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It is possible that the C-THM values could be 
adjusted to estimate the maximwn yield of C-THM from 
a sufficiently high chlorine dose. This adjustment would 
allow all historical TIIMFP measurements to be used 
The possibility of relying on the physical UV A mea­
surement and the semi-automatic DOC analyzer results 
focmooitoring ofDelta drainage and other effiuents with 
suspected organic precursors should be actively pursued. 
The measurement difficulties and delay times between 
sampling and analyses associated with the traditional 
THMFP testing may thus be avoided for routine moni­
toring and control applications. 

SUMMARY OF AGRICULTURAL 
DRAINAGE DATA ANALYSIS 

Although much more about Delta agricultural drain­
age needs to be studied, the following conclusions can be 
drawn from the available information: 

• Agricultural drainage volume within the Delta 
is highly variable because of differences in 
irrigation method, seepage, salt leaching prac­
tices, and other factors related to soil type and 
crop requirements. Drainage concentrations of 
salt are variable because of seasonal irrigation, 
accumulation of soil salt from ET, drainage of 
excess water following rainfall events, and 
periodic leaching practices. The ratio of drain­
age water EC to applied water EC can be used 
to indicate the net effect of these variable 
processes on drainage water quality. The vol­
ume of drainage cannot be determined, how­
ever, from the salt concentration itself; direct 
measurements of the drainage volume are need­
ed to estimate drainage loads of salt or other 
water quality variables of interest in the Delta. 

• The range of measured monthly drainage vol­
umes from the four DW islands during 1986-
1991 (dry years) was similar to the range of 
drainage estimates from DWR's Report No. 4 
(DWR 1956) for water year 1955. Drainage 
estimates differed greatly, however, between 
islands and between years. Based on the DWR 
1955 study, drainage EC averaged between 2 
and 4 times applied water EC. This relation­
ship indicates that drainage volumes were 
generally 25%-500/o of the applied water vol­
wneduring 1955. Average drainage EC values 
for the four DW islands during the 1986-1991 
drought period were also about 2 to 4 times the 
applied water EC values. Drainage volumes 
will increase with excess rainfall and excess 
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irrigation and during salt leaching. Direct 
measurements are required to accurately deter­
mine drainage volumes. 

• DOC cmcenlrations in Delta agricultural drain­
age have been measured only since 1986. 
Measured DOC concentrations are highly vari­
able because of the processes that influence salt 
concentrations and the variable sources and 
sinks for DOC on Delta islands. The expected 
drainage DOC concentration, based on the 
measured drainage EC value, can be used to 
estimate the net increase of DOC concentration 
in each drainage sample. Because the drainage 
volwne associated with each sample is not 
known, however, accurate estimates of the net 
contribution of DOC mass from island sources 
cannot be determined. 

• UV A values and DOC concentrations are 
strongly correlated, and C-THM and DOC 
concentrations are apparently directly related. 
Therefore, relatively simple UV A and DOC 
measurements may be preferable to more 
expensive and time-consuming TIIMFP mea­
surements for monitoring the concentrations of 
potential DBP in Delta water. 
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Table C2-1. Summary of Delta Island Water Budgets and Salt Budgets for Water Year 1955 

DWR DWR DWR DWR DWR DWR Salt in Ratio of 

DW Island DWR-4 Drained Irrigated Drainage Applied Missing Drainage Drainage Applied Applied Missing Missing Drainage to 
Location Unit No. Land Land Water Water Water' Salt Salt Salt Salt Salt 2 Water 3 Applied Salt 

(acres) (%) (inches) (inches) (inches) (mg/1) (tons/acre) (mg/1) (tons/acre) (tons/acre) (tons/acre) Cone. 

2 11.200 48 1.7 24.2 -4.1 835 0.16 132 0.18 -0.02 -0.06 6.3 
3 5,465 75 10.8 17.5 12.3 193 0.24 126 0.25 -O.ot 0.18 1.5 
6 33,027 75 4.4 18.5 4.9 535 0.26 119 0.25 0.01 0.07 4.5 
7 7,510 80 4.8 19.9 3.9 443 0.24 119 0.27 -0.03 0.05 3.7 
8 22,103 75 15.9 19.7 15.2 240 0.43 117 0.26 0.17 0.20 2.1 
9 16,085 48 8.5 14.2 13.3 440 0.42 132 0.21 0.21 0.20 3.3 

10 11,067 76 6.9 16.4 9.5 327 0.26 133 0.25 0.01 0.14 2.5 
11 14.365 78 10.2 23.2 6.0 337 0.39 119 0.31 0.08 0.08 2.8 
12 16,877 77 20.7 23.0 16.7 324 0.76 121 0.31 0.45 0.23 2.7 
13 16,641 63 10.2 20.7 8.5 377 0.44 129 0.30 0.14 0.12 2.9 
14 14,671 29 16.2 7.6 27.6 932 1.71 912 0.78 0.93 2.85 1.0 

Webb Tract 15 26.424 51 17.1 18.0 18.1 806 1.56 246 0.50 1.06 0.50 3.3 
Holland Tract 16 18,343 74 15.8 21.8 13.0 818 1.46 260 0.64 0.82 0.38 3.1 

17 10,191 60 24.9 12.8 31.1 1,046 2.95 230 0.33 2.62 0.81 4.5 
Bouldin Island 18 18,504 69 37.7 22.9 33.8 365 1.56 140 0.37 1.19 0.54 2.6 

19 17,917 72 17.5 21.8 14.7 483 0.96 121 0.30 0.66 0.20 4.0 
20 21,302 78 52.7 22.6 49.1 688 4.11 164 0.42 3.69 0.91 4.2 
21 14,846 72 41.2 16.6 43.6 549 2.56 193 0.36 2.20 0.95 2.8 

Bacon Island 22 19,357 75 74.4 16.7 76.7 374 3.15 183 0.35 2.80 1.59 2.0 
23 24,493 81 22.9 17.2 24.7 501 1.30 211 0.41 0.89 0.59 2.4 
24 32,879 73 15.9 18.4 16.5 753 1.36 281 0.58 0.78 0.53 2.7 
25 33,212 78 10.7 19.1 10.6 670 0.81 321 0.70 0.11 0.39 2.1 
26 2,810 23 8.7 9.4 18.3 737 0.73 310 0.33 0.40 0.64 2.4 
27 10,148 85 6.6 29.2 -3.6 776 0.58 587 1.94 -1.36 -0.24 1.3 

Average 70 20.1 18.8 20.3 556 1.27 225 0.44 0.83 0.49 3.0 

Total 419,439 

Source: DWR 1956. 
Notes: Rainfall in the Delta for water year 1955 was 14.2 inches, and average evapotranspiration was 33.2 inches, resulting in a net evapotranspiration of 19 inches. 

1 Missing Water = Net Evaporation (19 inches) + Drainage - Applied 
2 Missing Salt = Drainage Salt - Applied Salt 
3 Salt in Missing Water = Missing Water (inches)* Applied Salt (mgll) * 0.0014 



Water 
Year 

1986 

1987 

1988 

1989 

Table C2-2. Drainage Pumping &timates for the DW Project Islands for 1986-1992 
based on PG&E Pumping Tests (afJkWh) and Power Consumption Records 

Bouldin Island Bacon Island Webb Tract Holland Tract 
5,985 acres 5,539 acres 5,469 acres 4,187 acres 

Month (af) (inches) (af) (inches) (af) (inches) (af) (inches) 

ocr 87 0.2 
NOV 2.217 4.4 
DEC 3 .. 187 6.8 
JAN 2,125 4.3 
FEB 2,771 5.6 

MAR 3,944 7.9 
APR 558 1.1 

MAY 1.292 2.6 
JUN 1,553 3.1 
JUL 2,688 5.4 

AUG 2,939 5.9 
SEP 1,102 2.2 
ocr 245 0.5 
NOV 1,932 3.9 
DEC 3,419 6.9 
JAN 2,074 4.2 
FEB 3,736 7.5 

MAR 1 .. 177 2.8 
APR 837 1.7 

MAY 909 1.8 
JUN 804 1.6 
JUL 1,113 2.2 

AUG 1,740 3.5 
SEP 1,125 2.3 
ocr 621 1.2 1,834 4.0 
NOV 1,248 2.5 655 1.4 
DEC 1,785 3.6 3,243 7.0 
JAN 2,701 5.4 2,185 4.7 
FEB 574 1.2 590 13 

MAR 501 1.0 721 1.6 
APR 758 1.5 1,852 4.0 

MAY 378 0.8 2,981 6.5 
JUN 542 1.1 1,506 3.3 
JUL 1,064 2.1 5,624 12.2 

AUG 780 1.6 4,679 10.1 
SEP 54 0.1 3,412 7.4 
ocr 449 0.9 2,085 4.5 
NOV -1,177 2.4 216 0.5 
DEC 2,960 5.9 1.042 23 
JAN 3,929 7.9 4,265 9.2 
FEB 690 1.4 2.292 5.0 

MAR 272 0.5 1,294 2.8 
APR 647 1.3 1,755 3.8 

MAY 702 1.4 4,091 8.9 
JUN 1,451 2.9 4 .. 109 9.3 
JUL 2,072 4.2 3,486 7.6 

AUG 1,775 3.6 3,618 7.8 
SEP 408 0.8 3,932 8.5 



TableC2-2. Continued 

Bouldin Island Bacon Island Webb Tract Holland Tract 
Water 5,985 acres 5,539 acres 5,469 acres 4,187 acres 
Year Month (at) (inches) (at) (inches) (at) (inches) (at) (inches) 

1990 ocr 81 0.2 1,520 3.3 0 0.0 216 0.6 
NOV 304 0.6 923 2.0 36 0.1 269 0.8 
DEC 51 0.1 3,843 8.3 46 0.1 840 2.4 
JAN 1,226 2.5 2,286 5.0 1,545 3.4 525 1.5 
FEB 486 1.0 1,698 3.7 830 1.8 506 1.4 

MAR 757 1.5 972 2.1 733 1.6 477 13 
APR 1,376 2.8 1,594 3.5 733 1.6 473 13 

MAY 458 0.9 2,938 6.4 730 1.6 488 1.4 
JUN 367 0.7 3,640 7.9 81 0.2 301 0.9 
JUL 1,169 2.3 3,380 7.3 188 0.4 146 0.4 

AUG 821 1.6 3,532 7.7 188 0.4 171 0.5 
SEP 138 0.3 4,079 8.8 85 0.2 124 0.4 

1991 ocr 798 1.6 1,465 3.2 2.13 0.5 218 0.6 
NOV 2,596 5.2 897 1.9 1,230 2.7 722 2.0 
DEC 2,596 5.2 5,316 11.5 2,22.1 4.9 549 1.6 
JAN 1.873 3.8 2,197 4.8 2,042 4.5 1,317 3.7 
FEB 1,831 3.7 1,845 4.0 1,487 3.3 1,701 4.8 

MAR 1,831 3.7 1,281 2.8 1,.160 3.0 544 1.5 
APR 368 0.7 786 1.7 245 0.5 160 0.5 

MAY 158 0.3 4,268 9.2 78 0.2 157 0.4 
JUN 724 1.5 4,153 9.0 80 0.2 293 0.8 
JUL 1,650 3.3 4,153 9.0 52 0.1 64 0.2 

AUG 2,757 5.5 4,995 10.8 44 0.1 675 1.9 
SEP 65 0.1 3,940 8.5 69 0.2 347 1.0 

1992 ocr 128 0.3 1,424 3.1 203 0.4 284 0.8 
NOV 1,547 3.1 442 1.0 788 1.7 232 0.7 
DEC 1,940 3.9 4,051 8.8 1,871 4.1 290 0.8 
JAN 1,811 3.6 1,936 4.2 1,891 4.1 616 1.7 
FEB 3,287 6.6 1,826 4.0 1,279 2.8 1,001 2.8 

MAR 3,287 6.6 1,826 4.0 2,699 5.9 906 2.6 
APR 264 0.5 1,275 2.8 2,.149 5.2 508 1.4 

MAY 122 0.2 5,147 11.2 456 1.0 359 1.0 
JUN 1,061 2.1 4,295 9.3 291 0.6 391 1.1 
JUL 1,614 3.2 2,486 5.4 416 0.9 436 1.2 

AUG 1,245 2.5 3,433 7.4 582 1.3 430 1.2 
SEP 1,250 2.5 3,807 8.2 413 0.9 287 0.8 

Annual Totals 

1986 24,663 49 
1987 19,.111 39 
1988 11,006 22 29,282 63 
1989 16,532 33 32,.185 70 
1990 7,2.14 15 30,405 66 5,195 11 4,536 13 
1991 17,247 35 35,296 76 9,143 20 6,747 19 
1992 17,556 35 31,948 69 13,2.18 29 5,740 16 

Average 16,221 33 31,863 69 9,192 20 5,674 16 

Combined DW Islands (21.180 acres) 

Annual Pumping 1990 27 
I (inches) 1991 39 
i 

\. 1992 39 



Table C2-3. Summary of Average DWR MWQI Data on Water Quality of Delta Island Drainage for 1986-1991 

Drainage 

Location 

DWR -4 Drainage 

Unit No. Samples 

Bacon Island 22 

Bouldin Island 18 

Holland Tract 16 

Webb Tract 1 15 

Brannan Island 13 

Egbert Tract 9 
Empire Island 20 

Grand Island 12 

Jones Tract 23 

King Island 20 

Mossdale Tract 24 

Pescadero Tract 27 

Rindge Tract 21 

Rio Blanco Tract-Shirna Tract 21 

Terminous Tract 20 

Tyler Island 13 

Mandeville Island 22 

McCormick Tract-Pierson Dis1 8 

Prospect Island-Ryer Island 11 

Woodward Island-Palm Tract 25 

Staten Island-Venice Island 18 

Clifton Court 1 17 

Netherland 10 

23 

89 

39 

22 

89 

48 

101 

83 

52 

73 

81 

69 

43 

26 

24 

25 

8 

32 

11 

13 

9 

21 

22 

EC ct- Br­

(J.tS/cm) (mg!l) · (rng!l) 

652 

431 

1,090 

1,036 

708 

758 

1,361 

433 

730 

639 

1,054 

1,869 

954 
856 

728 

553 

52.1 

353 

648 

771 

440 

4,845 

648 

114 

32 

199 

160 

100 

44 

291 

25 

115 

77 

138 

355 

161 

116 

118 

61 

74 

22 

24 

127 

58 

1131 

82 

0.40 

0.19 

0.65 

0.58 

0.37 

1.02 

0.31 

0.33 

1.14 

0.70 

0.27 

0.37 

0.21 

3.06 

Source: DWR MWQI data, 1986-1991 (analyzed in spreadsheet fileAGDRAINS.WKl) 
Notes: -- = No data available. 

1 Agricultural drainage into Clifton Court does not represent export water quality. 

cnEc 
Ratio 

0.18 

0.07 

0.18 

0.16 

0.14 

0.06 

0.18 

0.05 

0.16 

0.10 

0.13 

0.19 

0.16 

0.12 

0.16 

0.10 

0.14 

0.06 

0.04 

0.17 

0.12 

0.23 

0.10 

BOEC DOC 

Ratio (mg!l) 

0.0036 

0.0064 

0.0034 

0.0042 

0.0041 

0.0038 

0.0032 

0.0054 

0.0033 

0.0050 

0.0036 

0.0030 

0.0035 

0.0029 

9.4 

34.3 

19.3 

25.1 

18.8 

16.4 

46.7 

11.9 

11.3 

10.9 

8.0 

6.5 

21.4 

6.1 

13.2 

17.5 

22.0 

7.3 

10.5 

8.4 

17.3 

9.4 

4.5 

UVA Color 

(1/cm) (Units) 

0.36 

1.41 

0.90 

1.05 

0.87 

1.34 

0.49 

0.43 

0.16 

1.11 

1.15 

0.39 

0.93 

0.49 

92 

217 

153 

225 

159 

79 

202 

72 

101 

78 

42 

52 

121 

35 

88 

108 

227 

55 

63 

110 

181 

76 

31 

C-THM THMFP 

(J.tg!l) (J.tg!l) 

107 

253 

224 

220 

170 

181 

301 

151 

134 

127 

81 

68 

202 

76 

169 

217 

263 

88 

141 

121 

189 

103 

65 

1,077 

2,348 

2,220 

2,150 

1,612 

1,667 

2,847 

1,358 

1,287 

1,2.10 

803 

795 

1,963 

774 

1,624 

2,006 

2,489 

811 

1,181 

1,220 

1,800 

1,432 

635 

SO/­

(mg!l) 

63.5 

61.0 

92.0 

169.0 

73.0 

114.0 

106.0 

44.0 

81.0 

28.0 

94.0 

234.0 

95.0 
36.0 

38.0 

58.0 

48.0 

24.0 

84.0 

89.0 

22.0 

530.0 

45.0 

No,­
(mg!l) 

7.4 

11.1 

4.3 

13.7 

16.1 

6.6 

15.6 

7.6 

8.1 

8.3 

8.6 

13.6 

5.8 

6.3 

9.2 

15.0 

6.3 

6.2 

33.0 

3.0 
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SACRAMENTO- SAN JOAQUIN DELTA 

SCALE IN MILES 

~ 
---Delta Service Area 

-- Delta Boundary- Section 12220 of the 
Water Code. 

Delta Uplands - Those Ianda above the live-loot contour 
which are aervad by water from 
the Lowland Della channels. 

Della Lowlands -.Those Ianda approximately at the 
live-loot contour and below. 

Figure C2-2. 
Location of DWR Report No. 4 Study Unit Areas (1955) 
and DWR Municipal Water Quality Investigation 
Drainage Samples ( 1986-1991) 
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Figure C2-3. 
Delta Lowlands Monthly Irrigation Depth Estimates 
from DWR Report No.4 for Water Year 1955 
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Figure C2-4. 
Delta Lowlands Monthly Drainage Depth Estimates 
from DWR Report No. 4 for Water Year 1955 
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Figure C2-5. 
Delta Lowlands Monthly Irrigation TDS Concentrations 
from DWR Report No.4 for Water Year 1955 
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Figure C2-6. 
Delta Lowlands Monthly Drainage TDS Concentrations 
from DWR Report No.4 for Water Year 1955 
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Figure C2-7. 
Delta Lowlands Monthly Irrigation Salt Load 
from DWR Report No.4 for Water Year 1955 
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Figure C2-8. 
Delta Lowlands Monthly Drainage Salt Load 
from DWR Report No.4 for Water Year 1955 
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Figure C2-9. 
DOC and Chloride Concentrations 
in Bacon Island Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-11. 
DOC and Chloride Concentrations 
in Holland Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-12. 
DOC and Chloride Concentrations 
in Webb Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-13. 
DOC and Chloride Concentrations 
in Grand Island Drainage Based on DWR MWQI 1986-1991 Data 
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in Tyler Island Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-15. 
DOC and Chloride Concentrations 
in Brannan Island Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-16. 
DOC and Chloride Concentrations 
in Egbert Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-17. 
DOC and Chloride Concentrations 
in Empire Island Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-18. 
DOC and Chloride Concentrations 
in Pescadero Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-19. 
DOC and Chloride Concentrations 
in Jones Island Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-20. 
DOC and Chloride Concentrations 
in Mossdale Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-21. 

DOC and Chloride Concentrations 
in King Island Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-22. 
DOC and Chloride Concentrations 
in Rindge Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-23. 

DOC and Chloride Concentrations 
in Rio Blanco Tract Drainage Based on DWR MWQI 1986-1991 Data 
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Figure C2-24. 
DOC and Chloride Concentrations 
in Tenninous Island Drainage Based on DWR MWQI 1986-1991 Data 
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Appendix C3. Water Quality Experiments on Potential 
Sources of Dissolved Organics and 
Trihalomethane Precursors for the Delta 
Wetlands Project 

SUMMARY 

This appendix describes four water quality experiments conducted as part of the analysis of impacts of the Delta 
Wetlands (DJJ') project on Delta water quality. The Holland Tract flooded wetland and seasonal storage experiments were 
designed to determine what water quality changes can be expected in the flooded wetland habitat on the DW project 
islands during October-January and what further changes can be expected during the anticipated water storage period 
of February-July. The vegetation decay experiment was designed to determine what the expected contribution from 
decomposition of wetland vegetation would be to levels of dissolved organic carbon (DOC) and associated variables in 
ponded water in the seasonal wetland. The soil water extraction experiment was designed to determine what relative 
contributions ofiXJC and associated variables may be expected from agricultural and wetland soils; it was also used to 
test the hypothesis that peat soils may leach large quantities of materials to ponded water. 

The original DW project concept included wetland vegetation growth in summer, wateifowl habitatjlooding in fall, 
and winter-spring seasonal water storage operations on all four DW project islands. The DW project now being proposed 
involves two habitat islands and two reservoir islands, as described in Chapter 2, "Delta Wetlands Project and 
Alternatives". These water quality experiments are interpreted to provide information about likely effects of the DW 
project as currently conceived. 

Analysis of the experimental results focused on JX)C concentrations because JX)C is recognized as the major 
precursor of trihalomethanes (l'HMs) in water disinfected through chlorination for municipal use, and contributions of 
IXJC in discharge from the DW project islands to Delta channels may therefore affect THM levels in Delta exports that 
are treated by chlorination. The appendix also describes a method to estimate THM concentrations for any combinations 
of/XJC, bromide (Br), and chlorination dose. 

The data from the Holland Tract wetland experiments suggest that substantia/leaching of peat soil is not likely to 
occur under flooded wetland conditions and that moderate DOC increases would be associated with vegetation 
decomposition. Most of the available loading of DOC and other water quality variables would be released to the water 
in the flooded wetlands during October-January, and very little additional release of materials would occur during the 
February-July water storage period The estimated area/loading from flooded wetlands was approximately 21 glm2 per 
year. 

The results of the vegetation decay experiment were used to calculate the area/leaching of DOC from wetland 
vegetation. Area/loading from vegetation was found to be approximately 7.5 glm1 per year. This result can be used to 
compare DOC loading from decaying wetland vegetation with loading from other IXJC sources in the Delta. 

In the soil water extraction experiment, soil water was extracted for analysis from suiface and deeper samples of soil 
from the Holland Tract wetland and mJjacent agricultural fields. Analysis of the samples found that availability of DOC 
was two to three times greater in suiface agricultural soils than in the wetland soils or deeper agricultural soils. The peat 
soils were not found to exhibit substantia/leaching of DOC over time. 
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Although these experiments indicate that concentrations of DOC are greater in agricultural soils than in wetland 
soils, these differences are only important if the DOC concentrations are leached and transported to Delta channels. 
These experiments did not quantify the volumes of water affected by leaching, agricultural drainage, or runoff because 
such water volume data are not available; therefore, the experiments can only be used to provide a relative index of the 
potential for these soils to contribute to DOC concentrations in drainage or ponded water. 

INTRODUCTION 

Delta waters serve many beneficial uses, each of 
which has water quality concerns associated with it. 
Levels of disinfection byproducts (DBP) are of particular 
concern in water that has been exported from the Delta 
and treated for municipal use. The most common DBP is 
THM compowtds, which are produced in the primary 
disinfection of water by chlorination. THMs are con­
sidered a human health risk by the U.S. Environmental 
Protection Agency (EPA) and are subject to federal 
drinking water standards. Among the constituents of raw 
water from the Delta are DOC and Br·, both of which 
might be increased in Delta water wtder some conditions 
as a result ofDW project operations. DOC is the major 
precursor ofTHMs in treated drinking water. 

The proposed OW project entails potential year­
round storage of water on two Delta islands, Bacon Island 
and Webb Tract, and creation and management of wet­
lands for wildlife habitat on two other islands, Bouldin 
Island and Holland Tract. Under the proposed project, 
the water diverted by OW onto the reservoir islands 
would be stored for later sale as export or outflow during 
periods of demand. Water may also be diverted to the 
reservoir islands for creation of wetland habitat in fall 
during nonstorage periods; diversion would probably 
begin after September l, after an appropriate dry period 
to allow for growth of wetland plants of value to winter­
ing waterfowl as forage and cover. OW diversions onto 
the habitat islands would most likely begin in September, 
and water would be circulated throughout winter. Water 
used on the habitat islands would be discharged on a 
schedule related to wetland and wildlife values, with 
drawdown typically occwring by May. Water discharged 
into Delta channels wtder OW project operations would 
mix with Delta inflows and would be available for Delta 
outflow or Delta exports. 

In comparison with existing agricultural manage­
ment practices on the OW project islands, these storage 
and wetland management activities may substantially 
reduce the amowtt of annual biomass residue production 
and the rate of peat soil oxidation on the islands. Because 
vegetation decomposition and soil oxidation are the main 
sources of DOC on the OW project islands, OW project 
operations could affect concentrations of DOC dis-
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charged into Delta channels from the islands and could 
therefore affect concentrations of THMs in treated water 
produced from Delta exports. 

Jones & Stokes Associates (JSA) conducted the four 
water quality experiments described below as part of its 
analysis of impacts of the OW project on Delta water 
quality. The analysis was performed to support prepar­
ation of the environmental impact report/environmental 
impact statement (EIRIEIS) for the OW project. The four 
experiments and the question each was designed to 
answer are as follows: 

l. Holland Tract flooded wetland experiment 
( 1989-1990): What water quality changes can 
be expected in flooded wetland habitat on OW 
project islands during October-January? 

2. Holland Tract seasonal storage experiment 
(1990): What further water quality changes can 
be expected during the proposed water storage 
period of February-July? 

3. Vegetation decay experiment (1992): What is 
the expected contribution from decomposition 
of wetland vegetation to levels of DOC and 
associated variables in ponded water in the 
seasonal wetland? 

4. Soil water extraction experiment ( 1992): What 
are the expected relative contributions of DOC 
and associated water quality variables from 
soils in active agricultural fields and in the 
demonstration wetland on Holland Tract? 

Holland Tract Flooded Wetland and 
Seasonal Storage Experiments, 

1989-1990 

The first and second experiments were conducted in 
the Holland Tract demonstration wetland between 
October 1989 and July 1990. These experiments were 
designed to determine the changes in water quality likely 
to occur when seasonal wetlands are flooded to shallow 
depths to provide waterfowl habitat and when water is 
stored to greater depths on the proposed OW project 
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islands. Although many water quality variables were 
measured in these experiments, DOC is now known to be 
the major precursor of TIIMs. Therefore, DOC and 
associated variables, such as THM formation potential 
(THMFP), ultraviolet absorption (UV A), and organic 
nutrients, are emphasized in discussions of these experi­
ments in this appendix. 

The demonstration wetland on Holland Tract was 
originally constructed to show that plants used by water­
fowl could be grown on DW project islands during the 
late summer-fall period after August 1. The initial DW 
project design would have involved seasonal storage 
and seasonal wetland habitat management on each DW 
island. The current DW project design includes two 
habitat islands and two reservoir islands. These experi­
ments were conducted with the objective of identifying 
and quantnying the likely sources of DOC, and the results 
remain relevant to assessment of water quality impacts of 
the proposed DW project. 

Results of the 1989-1990 Holland Tract experiments 
were originally presented in the draft EIR/EIS on the DW 
project (JSA 1990). This appendix summarizes those 
results. 

Vegetation Decay and SoU Water 
Extraction Experiments, 1992 

The vegetation decay and soil water extraction 
experiments, initially suggested in October 1991, were 
conducted to verify previous estimates of organic load­
ings from the DW project demonstration wetland on 
Holland Tract. Critical water-year conditions in 1992 
prevented repetition of the demonstration wetland flood­
ing experiment. JSA initiated the vegetation decay 
experiment on February 12, 1992, and obtained the last 
set ofbiweeldy samples on April29, 1992. JSA obtained 
soil samples for the soil water extraction experiment on 
Februmy 27, 1992, and the 1-month soil water extraction 
was completed in April 1992. 

JSA designed the l-992 experiments with sugges­
tions :from staff members of the California Department of 
Water Resources {DWR), Division of Local Assistance 
(Rick Woodard, Bruce Agee, consultant Marvin Jung), 
the Metropolitan Water District {MWD) of Southern 
California (Stuart Krasner, research chemist), the U.S. 
Geological Survey (USGS) (Steve Devere!), the Cali­
fornia State Water Resources ContrQl Board, and DW 
(consultant Jim Yost). JSA distributed a memorandum 
describing the experimental protocol for review on 
January 27, 1992, and MWD (February 4, 1992) and 
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DWR (February 21, 1992) provided written comments. 
Several meetings with interested agency staff members 
were held during this period. The vegetation experiment 
was designed to determine the contribution of wetland 
vegetation to DOC concentrations in ponded water (on 
habitat reservoir islands). The soil experiment was 
designed to evaluate the relative contribution of wetland 
and agricultural peat soils to DOC leaching. 

JSA distributed a draft report on the experimental 
results for review on May 28, 1992, and held a meeting 
to discuss the results on June 3, 1992. DWR and MWD 
provided written comments on the draft report. The fmal 
report on the experiments and analyses of the results 
(JSA 1993) incorporated the suggestions and comments 
of the reviewers and included copies of memoranda and 
comment letters submitted by the technical reviewers. 
This appendix summarizes these results. 

OVERVIEW OF SOIL ORGANIC 
CARBON SOURCES 

DOC measurements were important in the experi­
ments performed to determine possible effects of DW 
project operation on Delta water quality because DOC is 
the major precursor of TIIMs and other types ofDBP in 
treated drinking water. This section provides an over­
view of sources of organic carbon in Delta soils and the 
possible mechanisms through which organic material is 
dissolved and transported from Delta soils to Delta 
channels. This discussion provides a framework for 
interpreting the results of the experiments presented 
below. 

Organic material in both peat and mineral Delta soils 
originates from the decay of vegetation. The peat soils 
that characterize the Delta lowlands originated from the 
accumulation of partially decomposed residue of wetland 
marsh plants. The organic material in mineral soils that 
characterize the Delta uplands is partially decomposed 
residue of agricultural crops or natural vegetation. The 
difference between peat and mineral soils is the amount 
of organic material present, not the fundamental nature of 
the organic material. Mineral soils generally have an 
organic content of 1-20%, whereas peat soils have an 
organic content of 25-95% (Buckman and Brady 1960). 

Carbon Cycle 

Figure C3-l shows the general carbon cycle for 
agricultural soils in the Delta. During net primary pro-
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duction of organic material, atmospheric C02 and neces­
smy nutrients and minerals are incorporated from the soil 
into growing plant tissue. Plant respiration in shoots and 
roots conswnes oxygen and releases C02• Net primary 
pnxiuction can be measured by the accwnulation of plant 
biomass. Dry plant tissue has a carbon content of appro­
ximately 400/o; therefore, biomass and carbon writs can 
be interchanged quite easily (e.g., 1 gram per square 
meter [glm2

) of biomass contains 0.4 glrn 2of carbon). 
This carbon content percentage was used in several of the 
experimental calculations described in the following 
sections. 

All decomposition processes in soils can be de­
scribed as enzymic digestion of plant residues and soil 
organic matter (Buckman and Brady 1960). Microbial 
decomposition processes in the warm, aerated topsoil 
differ greatly from those in deeper, saturated anaerobic 
soil. Fresh plant residues at the surface or in deeper soil 
are decomposed and digested by soil organisms of all 
kinds to produce decay products at the soil surface or in 
the soil column. 

The complex chemical nature of plant tissues gives 
rise to a wide variety of decomposition products. Some 
plant tissue is easily decomposed and produces relatively 
simple end products, such as carbon dioxide (COJ and 
nutrients (e.g., nitrogen, phosphorus, and potassiwn). 
Most of the C02 is lost to the atmosphere, but some 
becomes dissolved in the soil water and reacts to form 
carbonates and bicarbonates. Other plant tissue is more 
difficult to decompose (refractory), and its decomposition 
results in intermediate products, such as lignins and 
hwnus material. These intermediate decomposition 
products remain in the soil or become dissolved in the 
soil water as compounds collectively measured as DOC. 
Soil microbes (bacteria, fungi, and actinomycetes) con­
swne the available nutrients and minerals, and create 
additional compounds and end products, such as methane 
and nitrogen gas. 

The general carbon cycle shown in Figure C3-l 
becomes useful for impact assessment if the factors 
influencing each major term can be identified and 
quantified. Each of the DW·water quality experiments 
was generally aimed at quantifying these terms. The 
following sections present general discussions of the 
possible contributions of plant decomposition and soil 
oxidation on the OW project islands to concentrations of 
DOC in Delta waters. 
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Plant Decomposition 

The amount of net primary productivity of organic 
material in Delta soils can be characterized by corn crop 
measurements made for the Delta com salt-tolerance 
studies (Hoffinan et al. 1983), com crop measurements 
made for the 1990 DW project EIR/EIS, and measure­
ments of seasonal wetland plants in the Holland Tract 
demonstration wetland. 

Measurernents indicated that com grown on 
Tenninous Tract in the Delta had a root biomass of about 
250 glrn2

, grain biomass averaging about 1,250 glm2
, and 

shoot growth biomass averaging about 2,500-3,000 glm2 

(Hoffinan et al. 1983). Aboveground com crop residue 
on Bouldin Island was calculated from measurements of 
stalks and stalk density estimates to be about 1, 7 50 glm2 

(Table C3-1). Com grain had been harvested and 
removed from the fields on Bouldin Island. Adding the 
Terminous Tract com root biomass to the aboveground 
residue on Bouldin Island produces an estimated 
2,000 glrn2 of annual biomass residue added to Delta soil 
from a com crop. 

The plant biomass from seasonal wetlands was 
measured in the Holland Tract demonstration wetland 
for 1989 and 1991. The 1989 measurements are sum­
marized in Table C3-l. The average aboveground 
biomass was 500 glm2

• The wetland roots probably 
contribute a relatively small additional biomass, certainly 
less than the com root biomass of250 glm2

• The maxi­
mwn possible seasonal wetland biomass is therefore 
approximately 750 glm2

. 

Most plant residue from com or wetland plants is 
decomposed rapidly (within several months) to yield 
atmospheric C02 and soluble nutrients. The longer 
lasting (more slowly decomposing) portion of the bio­
mass can be roughly approximated by the lignin content 
of the vegetation because lignin is the most refractory 
portion of plant tissue (Buckman and Brady 1960). Com 
plants had a lignin content of about 7% and wetland 
plants had a lignin content of about 6% (Table C3-1). 
The mass of lignin added to the soil from plant residue 
can be estimated from the total biomass to be about 140 
glrn2 (2,000 glrn2 x 0.07) for com and about 45 glm2 (750 
x 0.06) for wetland plants. These measurements do not 
indicate the amount of lignin material that may become 
dissolved in the soil water, but they provide a comparison 
between the possible amounts of DOC from the two 
sources. 
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If fresh plant residue were the only major source of 
organic material that might become dissolved in the soil 
water and if the yield of DOC from lignin were always the 
same, these lignin measurements could indicate that the 
relative DOC contribution from com plants would be 
approximately three times the contribution of DOC from 
wetland plants. The yield of DOC from organic material 
may vary, however, if conditions in the soil that control 
decanposition are different. Furthermore, oxidation and 
decomposition of the peat soil itself may create a 
significant source of DOC. An accurate assessment of 
DOC formation potential must attempt to quantifY these 
factors. 

Peat Soil Decomposition 

One of the distinctive characteristics of the Delta 
peat soils is that they have been slowly subsiding at 
estimated maximum rates of 2-3 inches per year as a 
result of oxidation and wind erosion of the powdery 
"muck" soils (SCS 1989). Drying, shrinking, and 
periodic burning of the peat soils may also play a role in 
subsidence of the Delta agricultural islands. Several 
studies have demonstrated that microbial oxidation is 
probably the major contributor to peat soil subsidence. 
Thus, the observed subsidence of Delta peat soils may 
provide evidence that oxidation of these soils is an 
ongoing process; this oxidation could be contributing 
DOC to agricultural drainage and runoff that mix with 
Delta channel waters. Direct evidence of peat soil 
oxidation would consist of a greater measured loss of C02 

from the soil surface than could be accounted for by the 
decomposition of fresh vegetation residue (Broadbent 
I %0, DWR 1980, Newmarch 1981 ). 

Indirect evidence that the major contributor to peat 
soil subsidence is microbial oxidation is suggested by 
studies showing that copper toxicity inhibits the soil 
microbial activity and reduces subsidence (Mather et al. 
1979). Because copper is sometimes required as a 
fertilizer, the possibility that copper may also control 
subsidence is of interest for Delta agricultural manage­
ment. 

Other indirect evidence that microbial oxidation is 
the major contributor to peat soil subsidence is suggested 
by correlations between the depth to water table and 
oxidation rate in experiments at the Florida Everglades. 
Saturated conditions reduce the rate of oxidation of peat 
soils. The Everglades research results suggest that 50%-
75% of the subsidence (average of 1.25 inches/year) has 
been caused by biochemical oxidation. Seasonal or 
global correlations with temperature also offer indirect 
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evidence that microbial processes control subsidence 
rates (Stephens and Stewart 1976). 

Research has demonstrated that flooding peat soils 
creates anaerobic conditions that reduce the overall rate 
of microbial activity and shift the microbial processes to 
facultative and anaerobic metabolism. Denitrification of 
nitrate to nitrogen gases (N2 and Np) increases drama­
tically under flooded conditions (Tate 1979, Terry & Tate 
I 980). A combination of biochemical indicators may 
provide the clearest picture of peat soil decomposition 
processes. 

Studies by USGS may veruy that microbial oxidation 
is the predominant process contributing to peat subsi­
dence on Delta islands and that physical processes, such 
as drying, wind erosion, and fire, are of less importance 
(Deverel et al. in press). 

Dissolved Organic Carbon in Soil Water 
and Agricultural Drainage 

The most direct method for determining the mag­
nitude ofDOC contributions from Delta soils is measur­
ing DOC and associated nutrients in soil water and 
agricultural drainage water. For the mass of contributed 
DOC to be calculated, however, the volume of soil water 
leaching or draining must be estimated. The experiments 
described in the following sections determined relative 
contributions of DOC and associated water quality 
variables from agricultural and wetland vegetation and 
soils; the results cannot be used to determine the 
magnitude of contributions from the DW project island 
soils to Delta waters because volumes of soil water 
leaching and drainage are not known. Standard irrigation 
practice in the peat soils of the Delta includes "spud 
ditching" to subirrigate and drain fields. This could 
increase the contribution of DOC relative to the con­
tribution from wetlands and reservoir operations. 

The DWR Municipal Water Quality Investigations 
(MWQI) program has sampled Delta agricultural drain­
age for several years (DWR 1989, 1990). Agricultural 
drainage volumes have not yet been measured directly, so 
the absolute magnitude of DOC sources produced by the 
various drains cannot be calculated. The relative mag­
nitude of measured DOC concentrations can be used to 
indicate those drains that are probably the major sources 
of DOC in the Delta if it is assumed that the drainage 
volumes per acre are similar for each Delta drain 
(Table C2-l in Appendix C2, "Analysis of Delta Agri­
cultural Drainage Water Quality Data", suggests that they 
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are not uniform). Information on the drainage acreages 
might allow the drainage volumes to be estimated. 

THMFP is measured in the MWQI samples as an 
index of THM concentrations that could be produced by 
maximum chlorination of Delta water. Several types of 
laboratory tests have been developed to measure THMFP 
in water samples. 

The DWR MWQI assay for THMs is performed by 
spiking a water sample with an initial 120-mgll concen­
tration of chlorine (ClJ, holding the sample for 7 days 
(168 hours) at 25°C, then measuring the THM species 
with standard EPA analytical laboratory procedures (gas 
chromatograph purge and trap, EPA method 502.2). 
This method was recently revised to also control the pH 
of the sample. The 120 mgll chlorine dose may not be 
great enough to produce the maximum THMFP concen­
tration in samples with high DOC concentrations (greater 
than 30 mgll). The gas chromatograph method deter­
mines concentrations of the four types of THM molecules 
separately. Each THM molecule resembles methane 
(CH4), except that three of the four hydrogen atoms are 
replaced with a halogen (chlorine or bromine). The four 
types ofTHM molecules are chloroform (CHC13), dichlo­
robromomethane (CHCI:zBr), dibromochloromethane 
(CHCIBr:z), and bromoform (CHBr3). Each type ofTHM 
molecule has a different molecular weight because of the 
difference between the atomic weight of chlorine (35.45) 
and bromine (79.90). Chloroform has a molecular 
weight of 119.36, whereas bromoform has a molecular 
weight of252.71. 

Total THM concentration (by weight) is the basis for 
current EPA drinking water standards. The greater 
weight of total THMs resulting from increased bro­
mine incorporation, however, complicates comparison 
ofTHM precursors from two water samples with differ­
ent bromide (Br") concentrations. One method to nor­
malize THM concentrations is to measure only the carbon 
weight of each THM molecule, because each molecule 
has one carbon atom. The carbon-fraction concentrations 
of the four THM molecule concentrations are added 
together to calculate the carbon content of the THM con­
centration (C-THM), called the "total formation potential 
carbon" (TFPC) in the DWR MWQI program. Dividing 
the C-THM concentration by the DOC concentration in 
a water sample gives the fraction of DOC molecules that 
were converted to THM molecules during the THMFP 
assay. This C-THMIDOC ratio is called the THM yield. 
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HOLLAND TRACT WETLAND 
EXPERIMENTS 

The fu"St two water quality experiments were con­
ducted at the demonstration wetland on Holland Tract. 
The Holland Tract demonstration wetland has an approx­
imately 62-acre surface area with a total storage capacity 
of about 164 acre-feet (af) and a mean depth of2.65 feet 
(0.8 m) (Figure C3-2). Construction of the pond levees 
and water control structure began on December I, 1987, 
and was completed by January 22, 1988. The low dikes 
of the demonstration wetland were constructed from 
material scraped from an agricultural field that consisted 
of a mosaic of sand and peat soils. The water supply for 
the demonstration wetland was Old River. 

Flooded Wetland Experiment 

The first water quality experiment was conducted 
between October 1989 and January 1990. The objective 
of this study was to evaluate the contribution of wetland 
vegetation decomposition and soil leaching to concentra­
tions ofTHM precw-sors in flooded wetland water. DOC 
and associated variables are of primary concern in inter­
pretation of these results because DOC has been deter­
mined to be the major precursor of THM. Measurements 
of organic carbon were not filtered in this experiment and 
are given as concentrations of total organic carbon 
(TOC). However, the organic carbon is assumed to be 
predominantly dissolved; therefore, TOC is assumed to 
be equivalent to DOC. 

Methods 

Approximately 25 acres of the demonstration wet­
land's 62 acres were flooded beginning on October 19, 
1989, to an average depth of about 0.5 m (1.5 feet) (see 
Figure C3-2). No additional siphoning of water into the 
wetland was required after initial flooding to maintain 
wetland water depths. Evapotranspiration and rainfall 
(with runoff from the unflooded portion of the wetlands) 
were balanced during the sampling period so that the 
water depth remained nearly constant. A composite 
sample (several samples mixed together) of the water 
siphoned from Old River to flood the wetland was used 
to characterize the initial water quality. 
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Composite water samples were collected from 
the flooded wetland approximately every week from 
November 3, 1989, to January 15, 1990. Samples were 
collected in a pre-rinsed plastic sampling jug slowly 
lowered from the water swface down to the wetland 
bottom. Subsamples were collected at random through­
out the pond and composited to form one water sample 
on each date. A total of 10 composite samples were 
collected. Samples were labeled and transferred to ice 
chests for delivery to the contract laboratory. 

Results 

Measurements of the canposite sample used to char­
acterize initial water quality showed electrical conduc­
tivity (EC) of677 microsiemens per centimeter (J.lS/cm), 
556 milligrams per liter (mg/1) total dissolved solids 
(TDS), 177 mg/1 chloride (Cl") (Cl" /EC = 0.26), 0.55 
mg/1 bromide (Br") (Br"/Cl· = 0.0031), 18 mgll calcium 
(Ca2+), 18 mg/1 magnesium (Mgl+), 97 mg/1 sodium 
(Na+), 30 mgll sulfate (SO/"), 4.3 mg/1 TOC, and 
THMFP of 404 micrograms per liter (ug/1) (Table C3-2). 
Color was not measured but was assumed to be 20 units 
based on MWQI Rock Slough measurements made on 
October 2, 1989. These channel water values are 
assumed to be representative of the initial concentrations 
of water quality variables in the flooded wetlands, which 
were flooded on October 19, 1989. 

Changes in wetland water quality would have 
resulted mainly from peat soil leaching and decom­
position of the wetland vegetation biomass and associated 
surface detritus. Rainfall on the entire pond area may 
have produced runoff and carried organics into the 
flooded area. Peat soil leaching would be expected to 
yield salt, minerals, nutrients, and organics. Vegetation 
residues would also be expected to produce dissolved 
organics with associated minerals and nutrients. 

Several of the dissolved inorganic variables showed 
no net change over the duration of the experiment. EC 
and concentrations of IDS, sodium, chloride, and bro­
mide showed no net increase (Figure C3-3). The data 
suggest that substantial leaching of the peat soil did not 
occur because these inorganic variables typically increase 
during soil leaching in agricultural operations. 

In contrast, calcium, magnesium, sulfate, color, 
TOC, and TIIMFP increased in the demonstration wet­
land water during the 2-month sampling period (Figures 
C3-4, C3-5, and C3-6). TOC levels iqcreased from 4.3 
mg/1 to 38.6 mg/1, as shown in Figure C3-5. TIIMFP 
concentrations increased dramatically; the TIIMFP con­
centration carbon component (C-THM) increased from 
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33 J.l.g/1 to a maximum of 420 J.J.g/1 (Figure C3-6). These 
materials originated either from vegetation decay in the 
flooded wetland basin or as nmoff from the surround­
ing area within the wetlands that were not flooded. The 
observed increases may be higher than would be 
expected if a greater proportion of the wetland basin had 
been flooded. Increases of approximately 250 color 
units, 34 mg/1 TOC, 50 mg/1 sulfate, 20 mgll calcium, 
10 mg/1 magnesium, and 300 J.l.g/1 C-TIIM were observed 
(Table C3-2). 

Based on an estimated increase in TOC of 34 mg/1 
during the flooded wetland condition and an average 
pond depth of 0.5 meter, the estimated TOC loading 
is estimated to be about 17 glm2 (34 g/m3 

• O.Sm = 17 
glm2). If the 34-mg/1 increase in TOC was contributed 
fran the entire 62-acre wetland area, the estimated TOC 
loading would be about 7 glm2 (17 glm2 x 25/62). 

Conclusions based on this experiment are presented 
following the description of the seasonal storage exper­
iment, under "Conclusions of the Holland Tract Wetland 
Experiments". 

Seasonal Storage Experiment 

The second experiment was conducted during April­
July 1990. The objective of this experiment was to 
evaluate changes in water quality during the water 
storage period. The initial concentrations provided an 
estimate of flooded wetland load from the entire pond 
because the wetland water was not drained between the 
two experiments. This experiment tested the magnitude 
of potential leaching of the peat soils during extended 
water storage periods 

Metboda 

The entire demonstration wetland on Holland Tract 
was filled to a mean depth of approximately 0.8 m (2.5 
feet) during the week of April 16, 1990, to simulate 
proposed DW storage operations. Composite water 
samples were collected fran the pond's surface water and 
separately from the bottom on six dates between 
April 23, 1990, and July 25, 1990 (3-month period), 
according to procedures described previously for the 
flooded wetland experiment. The surface and bottom 
composite samples provided replicate measurements 
because stratification was not indicated. 
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Results 

Flooded wetland water remaining from winter was 
mixed with Delta channel water to fill the wetland to 
capacity, resulting in initial pool concentrations of about 
940 ~S/m EC, 600 mg/1 IDS, 80 mg/1 alkalinity, 
150 mg/1 sodium, 230 mg/1 chloride (Cl"/EC = 0.24), 
1 mg/1 bromide (Br"/Cl· = 0.0044), 30 mg/1 calcium, 
25 mg/1 magnesium, 43 mg/1 sulfate, 250 color units, 
30 mg/1 TOC, and 150 J.tg/1 C-THM (Table C3-3). 
MWQI measurements from Rock Slough on April 25 
were generally less than the initial pool concentrations 
(Table C3-3). 

The initial mixed concentrations may provide more 
accurate estimates of the areal load of TOC from the 
flooded wetland because the entire demonstration wetland 
area was inundated after being filled to the full water 
storage capacity. With a pond depth of 0.8 m and an 
increase in TOC concentration of 26 mgll (from the 
channel concentration of 4 mg/1 to 30-mg/l initial pool 
concentration), the TOC load was estimated at 21 glm2 

(26 mg/l • 0.8m = 20.8 glm2
) . The C-THM load was 

estimated to be 0.1 glm2
, based on a depth of0.8 m and 

a 120 mgll increase (from the channel concentration of 30 
J,tg/l to the 150-J,tg/l initial pool concentration). 

Additional siphoning of channel water was required 
to maintain the water storage depth, but Delta water 
quality improved during the storage period of mid-April 
through July, and as a result, EC values and concentra­
tions of sodium, chloride, and bromide remained nearly 
constant (Figure C3-7). The constant levels of inorganic 
variables suggest that soil leaching with associated 
release of salts did not occur during the storage period. 

Measurements also indicated that color and concen­
trations of calcium, magnesium, and TOC remained fairly 
constant during the storage period, suggesting that 
relatively little additional organic material was released 
from vegetation decay or peat soil leaching processes 
during the storage period (Figures C3-8 and C3-9). 
Sulfate concentrations declined by 500/o. THMFP values 
also remained relatively constant, with a moderate 
increase in the C-THM component from about 150 J,tg/l 
to about 200 J,tg/1 (Figure C3-l 0). 

Conclusions of the Holland Tract 
Wetland Experiments 

1be seasonal water storage experiment results gener­
ally suggest that little additional increase in organic 
concentrations occurred in the water storage pool. There-
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foce, the overall TOC loading from the combined flooded 
wetland and water storage periods was estimated to be 
about 21 glm2 and the corresponding C-THM load about 
0.1 glm2

, most of which occurred during the vegetation 
decay period. These experiments indicate that the 
majority of loading was from vegetation decay; peat soil 
leaching was apparently a minor source of loading. 

Measurements obtained from water temporarily 
stored on Tyler Island (cornfields) for the DWR emer­
gency water bank in April and May 1991 provide another 
example of possible DOC loading for comparison. These 
measurements indicate that DOC concentrations in water 
stored for about I month increased by 50-60 mgll. The 
estimated mean depth of the stored water was about 0.6 
m (734 af/370 acres). Thus, estimated DOC loading was 
approximately 30-36 glm2

• This loading is assumed to 
have originated from rapid vegetation decay and dis­
solving of swface organic residues, rather than prolonged 
leaching from peat, because the water was stored for only 
one month. 

These experiments directly answered questions I 
and 2 (What water quality changes can be expected in 
flooded wetland habitat on DW project islands during 
October-January? What further water quality changes can 
be expected during the proposed water storage period of 
February-July?). The results of these experiments indi­
cate that most of the available loading of DOC and other 
water quality variables from vegetation and surface soil 
residues will be released to water in the flooded wetlands 
during the initial flooding period. Very little, if any, 
additional release of materials will occur during the water 
storage period. This suggests that the surface vegetation 
and soil oxidation residues are the predominant source of 
DOC; peat soil leaching during water storage periods is 
a smaller potential source of DOC. 

1992 WATER QUALITY EXPERIMENTS 

Vegetation Decay Experiment 

The 1992 vegetation decay experiment was designed 
to quantify the possible contribution of decaying wetland 
vegetation to dissolved organics and associated variables 
(especially UV A and THMFP) in ponded water in sea­
sonal wetlands. This experiment was intended to verifY 
the results from the 1990 experiments that indicated 
vegetation to be a major source of DOC. 
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Methocll 

Vegetation biomass samples (1-square-foot clip­
pings) were collected on November 22, 1991, from the 
demonstration wetland on Holland Tract The vegetation 
was dominated by smartweed, watergrass, and swamp 
timothy, similar to the vegetation cover of previous years. 
Biomass from 38 samples averaged about 435 g/m2, and 
lignin content averaged 9.5% (determined by JL Ana­
lytical Services, Modesto, CA). Based on an assumed 
maximum carbon content in lignin of 500/o, the carbon 
source from lignin was estimated to be about 20 g/m2

• 

In comparison, plant material collected in 1989 at 
the demonstration wetland averaged 500 g/m2 dry weight 
ofbiomass with 6% lignin content, for an estimated lignin 
carbon source of 15 glm2

• The total com shoot and grain 
biomass measured from Terminous Island was 4,000-
4,500 g/m2, and the shoot biomass was approximately 
2,500-3,000 g/m2 (Hoffman et al. 1983). 

For the vegetation decay experiment, JSA filled five 
barrels with water obtained from Rock Slough on January 
23, 1992. The barrels were situated outdoors at the JSA 
office in Sacramento. Approximately I gallon of pond 
water from the Holland Tract demonstration wetland was 
added to biologically inoculate each barrel with micro­
organisms. 

Dried and pulverized wetland vegetation (as returned 
from JL Analytical Services) from the Holland Tract 
demonstration wetland was added to four of the five 
barrels on February 12, 1992. The fifth barrel (control 
barrel), with no vegetation biomass, ~ed as a control 
for the experimental treatments. Each barrel had a 
bottom area of 2 square feet, a mean depth of 2 feet 
(0.6 m), and a volume of 4 cubic feet (30 gallons). 

Two replicate barrels (barrels #I and #2; IX 
barrels) received approximately the biomass density 
measured in the wetland (500 g/m2

) and therefore simu­
lated concentrations that would result from decay of 
vegetation in an average water depth of 0.6 m. The other 
two replicate barrels (barrels #3 and #4; 2X barrels) 
received twice the measured biomass density (1,000 
glrn~ and therefore simulated a pond of shallower depth 
(0.3 m), as illustrated in Figure C3-ll. In comparison, 
the flooded demonstration wetland on Holland Tract in 
1989 had an estimated mean depth of 0.5 m. Temporary 
water storage on Tyler Island in 1991 (part of the DWR 
emergency water bank) had a mean depth of 0.6 m. 
Concentrations in the 2X barrels (two times the areal 
load) were expected to be twice those in the IX barrels 
(one times the areal load). Both sets of concentrations 
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should yield the same areal loading estimates, as 
described below. 

DWR commented in its June 23, 1992 letter that 
natural vegetation would not be pulverized and might 
therefore decay more slowly; because of this, the experi­
ment could measure only the load (i.e., mass) of organic 
material dissolved in barrel water, not the rate ofloading 
(i.e., mass per unit time). In this comment letter, DWR 
also expressed concern that water quality was not 
measured in all five barrels before vegetation was added, 
to demonstrate that they had the same initial water quality 
as the control barrel, which was sampled. 

The vegetation decay experiment was designed to 
detemrine final differences in concentrations of dissolved 
organics between treatment barrels and the control barrel. 
Initial water quality was assumed to be the same in all 
barrels because all barrel water originated from the same 
source. Changes in water quality between sampling dates 
were only noted because they provided a means for deter­
mining when the concentrations of organic materials from 
the added biomass had stabilized. Therefore, it was 
concluded that measurements of initial water quality in all 
barrels were unnecessary. 

Water samples were collected at 2-week intervals 
from the barrels on February 27, March 10, March 31, 
April 14, and April 29, 1992. Primary samples were 
analyzed by Anlab Analytical Laboratory (Anlab) in 
Sacramento. Duplicate samples from the barrels were 
sent to Stuart Krasner at MWD for analyses of several 
parameters of direct interest to MWD. Duplicate 
analyses allowed comparison of those variables analyzed 
by both laboratories. 

This report uses only the THMFP values measured 
by MWD. The THMFP values determined by Cal­
Enseco Laboratory, under a subcontract to Anlab, were 
unreliable and were rejected. THMFP values estimated 
by the MWD method, which used a reactivity-based 
chlorine (Ct+} dose (3 x DOC + 8 x NH3), must be 
adjusted (i.e., increased) to expected values for the 
standard 120 mg/l chlorine dose used by DWR, as 
described below under "Relationship between Dissolved 
Organic Carbon, Bromide, Chlorination, and Trihalo­
methane". 

A large group of chemical parameters was measured 
in each sample. According to the study protocol, the 
vegetation decay experiment was to be terminated after 
10 weeks if the organic loading calculated from sampled 
water concentrations had stabilized Measurements of the 
two key organic variables (DOC and 254-nm UV A) had 
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stabilized and the experiment was terminated following 
the April29, 1992 sampling. 

In its comment letter on the draft report, DWR 
expressed concern that water quality concentrations had 
not stabilized because the ratio ofUV A to DOC was still 
increasing. However, concentrations of DOC and UV A 
had remained approximately the same since the first 
samples were collected on February 27, 1992,2 weeks 
after. the vegetation was added. DOC and UV A values 
were both slightly higher in the fifth set of samples 
collected on April 29, 1992. Some portion of this 
increase was caused, however, by evaporation and a 
decreasing water volwne in the barrels, as shown by the 
increased chloride and bromide measurements (see 
discussion of results below). 

Results 

Results of the chemical analyses by Anlab and MWD 
are shown in Table C3-4 through C3-6. Table C3-4 
contains the results for the control barrel, Table C3-5 
provides the results for the IX barrels, and Table C3-6 
shows the results for the 2X barrels. 

In their comment letters on the draft report, MWD 
and DWR noted the high variability in many of the Anlab 
measurements. Although Anlab followed and reported 
standard quality assurance/quality control procedures, 
variability was substantial. The fact that these were 
outdoor experiments is not sufficient to explain the vari­
ations. MWD suggested that relatively simple anion­
cation and EC checks might have alerted Anlab to 
measurement problems; Anlab did not use anion-cation 
balance as a quality assurance/ quality control measure. 

Comparison of variables presented in Tables C3-4 
through C3-6 can be used to determine the most likely 
interpretation of the measurements. In the case of 
parameters not showing excessive variability (200/o of 
mean), differences observed between the treatment and 
cootrol barrel samples can provide evidence of effects of 
vegetation decay. Some variables cannot be used to 
differentiate effects because the variability between mea­
surements was too great. Similar results for related 
parameters increase confidence in the bulk of the data and 
support reliable conclusions. 

Salts. Because all barrels were filled with the same 
water in January, salt concentrations in each barrel were 
expected to be similar and to remain relatively constant 
throughout the experiment. Sampling decreased the 
remaining water volumes but would not change salt con­
centratioos in the barrels. Evaporation and rainfall could, 
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however, change the salt concentrations in the remaining 
water. 

Figures C3-12 and C3-13 show the chloride and 
bromide concentrations measured on the five sample 
dates in samples from the five barrels by Anlab and 
MWD. Ignoring the Anlab data from March 10, 1992, 
chloride varied from approximately 130 mg/1 to 200 mg/1 
during the experiment, with the variation on each sample 
date usually less than 20 mg/1. Agreement between the 
Anlab and MWD data was best on the last sample date, 
with an average value of 180 mg/1 (range of 170-190 
mg/1). In the MWD data, chloride values increased by 
approximately 20% from ISO mg/1 on February 27 to 180 
mg/1 on April 29, 1992, showing a moderate effect of 
evaporation. 

Bromide concentrations ranged from 0.4 to 0.75 
mg/1 (Figure C3-13). Average bromide concentrations 
appear to have increased from about 0.60 to 0.70 mg/1 
because of evaporative effects (using MWD data). The 
average ratio of bromide to chloride (MWD data) was 
approximately 0.0030, slightly lower than the ratio for 
ocean water of0.0035. 

Other anions and cations were measured by Anlab 
only; measurements are shown in Tables C3-4, C3-5, and 
C3-6. Sodium values were quite similar for all five 
barrels on each sample date, ranging from about 80 mg/1 
to 110 mg/1 during the course of the experiment. Sulfate 
values were more variable between barrels, with final 
concentrations between 30 mg/1 and 40 mg/1. Sulfate 
concentrations may have actually decreased during the 
experiment. MWD commented that a sulfate decrease 
might have been the result of anaerobic processes that 
reduce sulfate and release hydrogen sulfide gas to the 
atmosphere. 

Calcium and magnesium measurements were 
relatively tmifonn between sample dates. Calcium varied 
between 20 mg/1 and 30 mg/1, and magnesium varied 
between 20 mgll and 25 mg/1. The control concentrations 
of these catioos, about 20 mg/1, were large compared with 
the possible increases resulting from vegetation decay. 
The final set of analyses indicated that calcium concen­
trations were 30 mg/1 in the 2X barrels, compared with 
20 mg/1 in the control barrel. Magnesium concentrations 
were 25 mg/1 in the 2X barrels, compared with 18 mg/1 
in the control barrel. 

In its comment letter on the draft report, MWD 
suggested that calcium and magnesium concentrations 
might have been influenced by precipitation and disso­
lution processes caused by changing pH values. Because 
vegetation is known to contain moderate concentrations 
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of calciwn (0.2-3.5%) and magnesiwn (0.1-1.00/o), 
simple release from vegetative decay is also a possible 
explanation. The increased potassiwn concentrations 
discussed in the next section appear to confirm that the 
vegetation decay and release mechanism was the likely 
source of the calciwn and magnesiwn increases. 

Figure C3-14 shows the measurements ofEC in the 
five barrels. These measurements suggest that vegetation 
may have released enough salts or nutrients to slightly 
increase EC values relative to the control barrel EC. On 
April 29, 1992, conductivity ranged from 800 f.lS/cm in 
the control barrel to 1 ,000 f.,lSicm. in the 2X barrels. 

Nutrients. Potassiwn concentrations showed the 
most dramatic increase as a result of vegetation decay 
because the potassiwn concentration of 5 mg/1 in the 
control barrel was low relative to the measured increases 
from vegetation decay (Figure C3-15). By the final 
sampling date of April 29, 1992, potassiwn concentra­
tions had increased to 17 mg/1 in the IX barrels (repre­
senting a 12-mg/1 increase) and had increased to 27 mg/1 
in the 2X barrels (a 22-mg/1 increase). Potassiwn may be 
a useful indicator for determining vegetation effects on 
water quality in the Delta because vegetation has a high 
potassiwn content (between 0.5% and 5.00/o). 

Substantial increases in organic nitrogen and total 
phosphorus were also observed. By the final sampling 
date, concentrations of organic nitrogen had increased by 
20 mg/1 in all barrels with vegetation added, and phos­
phorus concentrations had increased by almost 2 mg/1, 
representing a typical nitrogen-to-phosphorus ratio of 
1 0: 1 for vegetation. These high-nutrient concentrations 
could contribute to algal productivity and subsequent 
food chain processes. 

An elemental analysis of the wetland vegetation was 
not obtained but elemental content may be calculated to 
confirm the apparent nutrient release concentrations. The 
content of potassiwn, calciwn, and manganese in the 
wetland vegetation can be indirectly estimated in the 
following way. Because the 2X barrels had a biomass 
loading of I ,000 glm2 and a mean depth of 0.6 m, the 
concentration of total biemass, if completely dissolved, 
would be I ,0001{).6 = I ,667 g/m3

, which is equal to 1,667 
mg/1. Therefore, 16.67 mg/1 of any substance in the 2X 
barrels would represent 1% of the total biomass; 
similarly, 8.3 mg/1 of any substance in the IX barrels 
would represent I% of the total biomass. 

The fmal magnesiwn difference between the 2X 
barrels and the control barrel was about 8 mg/1, repre­
senting 0.5% of the total biomass. The fmal calciwn 
difference was about 12 mg/1, representing 0. 7% of 
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the biomass. The potassiwn difference was 22 mg/1 
(Figure C3-15), tqnesenting 1.25% of the biomass. The 
nitrogen diffen:nce was about 25 mg/1, representing 1.5% 
of the bi<masS. The phosphorus difference was approxi­
mately 2 mg/1, representing 0.12% of the biomass. Each 
of these values is comparable with vegetation composi­
tion percentages for these elements cited in agricultural 
textbooks (see Table C3-7). These differences between 
the 2X barrel and control barrel mineral and nutrient 
cmcentrations therefore confirm that the observed water 
quality changes were the result of vegetation biomass 
decomposition. The I X barrels showed similar changes. 

Organia. Observed DOC concentrations were 
comparable in the two barrels at each biomass loading 
level (Figure C3-16), and most of the increase in con­
centration oa:urred within the first month. DOC concen­
tration in Rock Slough water (control) was approximately 
5 mg/1; the DOC concentration in the IX barrels 
increased to about 15 mg/1 by February 27, 1992, and 
remained at that level until April 29, 1992. DOC 
concentration in the 2X barrels increased to about 30 
mg/1 (according to the MWD data). 

Based on the estimation of biomass content pre­
sented in the previous section, it tnight be expected that 
carbon, assumed to compose about 40% of the total 
biomass, would produce an increased DOC concentration 
in the 2X barrels of approximately 40 x 16.67 mg/1 = 667 
mg/1. However, not all carbon is converted to DOC: 
only about 25 mg/1 (4%) of the possible increase in 
carbon was measured in the 2X barrels because some of 
the carbon remained in the vegetation detritus and most 
of the carbon was released as C02 during the decay 
processes. About 3% of the possible increase in DOC 
was observed in the I X barrels (9 mg/1 of DOC 
compared with 333 mg/1 of biomass- C). 

DOC analyses by MWD were generally quite simi­
lar to Anlab values, except for the 2X barrels (Figure 
C3-16). On the first sampling date, the MWD DOC 
measurements showed more than twice the increase in 
DOC for the 2X barrels than the Anlab measurements 
showed. In DOC procedures at both laboratories, 
samples are diluted so that a DOC concentration of less 
than I 0 mg/1 is measured, and measurements are then 
multiplied by the dilution factor to estimate the 
concentration in the sample. The scatter between the 
laboratories in data on the DOC concentrations from the 
2X barrels is quite unfortunate because these are 
important measurements from the vegetation decay 
experiment Fortunately, other measurements, described 
below, can be used to confirm the general results of the 
experiment. 
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Ultraviolet Ablorptioa and Color. UV A 
appears to be an excellent measurement of organic 
content because it is known to exhibit a linear increase 
with DOC. The Anlab and MWD measurements ofUVA 
were quite similar in the vegetation decay experiment 
UV A in the cmtrol barrel remained at approximately 0.1 
em·• throughout the experiment (Figure C3-17). UVA 
values for the IX barrels were about 0.4 em·• on 
February 27, 1992, and increased slightly to 0.45 em·• by 
April29, 1992. Much of this increase may be the result 
of evaporation, as indicated by similar increases in 
chloride and branide (Figures C3-12 and C3-13). UVA 
values for the 2X barrels were about 0.6 em·• on 
February 27, 1992, and increased to more than 0.8 em·• 
in the last sample collected on April 29, 1992. 

The ratio between UV A ( em"1
) and DOC (mg/1) was 

relatively constant at values of 0.02 to 0.03 in most 
samples (Figure C3~18). The low UVAIDOC ratio of 
0.015 calculated by MWD for the 2X barrels on the 
first three sampling dates indicates that reported DOC 
values were higher than DOC values expected based on 
the corresponding measured UV A values. Data from the 
last measurement date for samples from all barrels 
(including the control) suggested that the average 
UV A/DOC ratio for organics from vegetation decay is 
between 0.025 and 0.030. Amy et al. (1990) found a 
UV A/DOC ratio of0.025 for river samples and 0.045 for 
drainage samples. The ratio based on MWQI data from 
the Banks and Tracy Pumping Plants ranges from 0.025 
to0.035 (see Figure Cl-9 in Appendix Cl, "Analysis of 
Delta Inflow and Export Water Quality Data"). 

Color measurements were increased by vegetation 
decay, but the scatter in the data reported by Anlab makes 
these values less precise than the values from the UV A or 
DOC analyses. The control barrel had a color value of 
approximately 1 0 units. An increase of nearly 1 00 color 
units was associated with vegetation decay in the IX 
barrels, and an increase of about 200 color units was 
observed in the 2X barrels. 

Carbon Content of Trihalomethane. The 
carbon content of THM (C-THM) is equal to the molar 
concentration times 12. C"-THM concentrations mea­
sured by MWD were quite consistent between the repl­
icate barrels and among sample dates (Figure C3-19). 

In its comment letter on the draft report, MWD 
stated that the chlorine dose used for the 2X barrels in the 
1HMFP test was generally close to the 120 mg/1 used iD 
the standard DWR test procedure for THMFP. Samples 
from the control and IX barrels were dosed, however, 
with considerably less than the 120 mg/1 of chlorine used 
by DWR. An adjuslment can be made to obtain estimates 
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of the TIIMFP values that would be produced using the 
standard DWR test, as described below under "Rda­
tionship between Dissolved Organic Carbon, Bromide, 
Chlorination, and Trihalomethanes". However, the rela­
tive values from these MWD measurements of THMFP 
provide the bais foc making an approximate comparison 
of the effects of vegetative decay on THMFP. 

On April 29, 1992, the control C-THM concen­
tration was approximately 50 ~gil. the 1 X barrels had C­
THM concentrations of about 150 ~g/1. and the 2X 
barrels had C-THM concentrations of 300 ~gil. The C­
TIIM CXliJCal1ratim in the 2X barrels was approximately 
twice that of the IX barrels (Figure C3-19). The data 
indicate that the increase in C-THM concentrations 
OCClDTCid within 2 weeks of initial loading of biomass into 
the barrels as determined from the control barrel concen­
trations. C-THM concentrations (and other measures of 
organic content) were judged by JSA to have stabilized 
sufficiently after 10 weeks for the experiments to be 
terminated as planned. 

Figure C3-20 shows that the ratio of C-TIIM ~g/1) 
to DOC (mg/1) was very uniform, with a value of appro­
ximately 10 ~glmg (range of 8-12 ~glmg) indicating that 
approximately 1% of the DOC had become TIIM mole­
cules during the MWD test for TIIMFP. 

Bromine Incorporation. Incorporation of 
bromine in TIIM molecules (Br-THM) from inorganic 
bromine can be estimated from the ratio ofBr-TIIM to 
bromide ion (Figure C3-21 ). The ratio was approxi­
mately 40-SOOA. in most samples. 

Each TIIM molecule has three halogen sites. The 
bromine incorporation value is the average number of 
halogen sites occupied by bromine; the value (n) varies 
from 0 to 3. The value can be estimated as: 

n = Br-THM/80 
3 • C-THM/12 

= Br-THM/(C-TIIM • 20) 

where 80 and 12 represent the molar weights of bromine 
and carbon, respectively, and 3 represents the number of 
halogen sites. 

The bromine incorporation value was about 0.27 for 
the control barrel, about 0.08 for the IX barrels, and 
about 0.04 for the 2X barrels. Because the bromide 
concentration remained constant at about 0.4 mg/1 in all 
barrels, it can be concluded that the bromine incor­
poration decreased as the total TIIMFP concentration 
increased. 
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Recent work by MWD and DWR (1992) suggests 
that bromine incorporation in THM molecules increases 
as a fi.mctioo of the ratio of chlorine dose to DOC (appro­
ximately 3.0 in the MWD measurements), and the ratio of 
bromide to DOC (0.015 to 0.030 in these experiments). 
DWR and MWD commented that the incorporation of 
bromine into THM molecules in actual drinking water 
will be higher than these experimental measurements, 
and therefore these bromine incorporation factors should 
not be used directly in the water quality assessment for 
the OW project (see Appendix C5, "Modeling Triha­
lcmethane Production at a Typical Water Treatment Plant 
Using Delta Export Water", for further discussion). The 
estimation of bromine incorporation is described in the 
method for adjusting MWD and DWR measurements of 
1HMFP tmder "Relationship between Dissolved Organic 
Carbon, Bromide, Chlorination, and Trihalomethanes", 
below. 

Conclusions 

Differences in final DOC concentrations between the 
two wetland vegetation treatments and the control 
observed in this experiment can be used to estimate the 
mass loading per swface area, as illustrated in Figure C3-
ll. For each treatment, the concentration difference from 
the control (in mg/1) times the mean depth (in m) is the 
equivalent loading per unit area (g/m2

). Areal loading 
estimates (g/m~ can be converted to pounds/acre units by 
multiplying by 8.92. Using this approach, observed 
DOC loading from decaying wetland vegetation can be 
described relative to other DOC sources in the Delta. 

This experiment directly answered question 3 (What 
is the expected contribution from decomposition of 
wetland vegetation to levels of DOC and associated 
variables?) and provided estimates of the contribution of 
vegetation to the areal loading of DOC and other water 
quality variables. DOC concentrations increased by 
approximately 9 mg/1 in the IX barrels and approxi­
mately 25 mg/1 in the 2X barrels (Figure C3-16). Based 
oo these concentration increases, areal DOC loading was 
calculated to be approximately 5.4 glm2 in the IX barrels 
(i.e., 9 mg/1 X 0.6 m = 5:4 glm~. and 400/o higher, at 7.5 
glm2

, in the 2X biUl'els (i.e., 25 mg/1 X 0.3 m = 7.5 g/m2
). 

The 2X biUl'els might provide the more accurate estimate 
because the change in concentration was greater and, 
therefore, analytical measurement errors would likely be 
a smaller percentage of the measured value. Comparing 
these results with those of the flooded wetlands 
experiments indicates that about 25% of the observed 
DOC loading of approximately 25 g/m2-year may have 
been contributed from decay of fresh wetland vegetation. 
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SoU Water Extraction Experiment 

The soil water extraction experiment was designed 
to quantifY and compare potential concentrations of DOC 
and associated variables in soil samples collected from 
agricultural field and wetland locations in the Delta. This 
experiment does not quantifY the actual release of these 
variables into Delta channels because the water move­
ment through or from the soil water is not evaluated and 
the possible cooversion or uptake of DOC within the soil 
column is not quantified. As a secondary objective, the 
chemical composition of the peat soil samples provided 
a general characterization of peat soil on Holland Tract. 

Methods 

Soil samples were collected on February 27, 1992, 
with a scoop from the soil surface and from the bottom of 
holes 2 feet (0.6 m) deep at two arbitrarily selected 
locations in the Holland Tract demonstration wetland and 
at two arbitrarily selected locations in an adjacent field 
that had been farmed during 1991. Thus, a total of eight 
soil samples were collected, two from each of the four 
locations. Each of the soil samples was then split into 
three 1-kilogram (kg) portions for saturated soil water 
extraction, as described below. Thus, a total of 24 
samples were analyzed. 

The standard agricultural soil "saturated paste" 
technique was used to extract soil water from the 
samples. In this technique, just enough water is added to 
saturate the soil sample. This technique is used to extract 
concentrations of soil water salts and nutrients to which 
crop roots would be exposed. The saturated extract 
concentrations of constituents should approximate soil 
water concentrations for saturated soil conditions. This 
technique was used in experiments on salt tolerance of 
Delta com (Hoffman et al. 1983). 

In the standard extraction technique, the soil paste is 
allowed to stand for 2 hours before the soil water sample 
is vacuum extracted for chemical analyses. For this 
experiment, saturated soil samples were also held for 7 
days and 30 days to determine whether the extracted 
water concentrations would change with a longer 
saturation period. This was to test the hypothesis that 
peat soils may leach large quantities of materials, as a tea 
bag does. 

Wet soil samples of approximately 1 kg were 
saturated with the addition of deionized water. The 
extracted water (250-500 milliliters [ml]) was diluted to 
obtain approximately 1.5 liters needed for chemical 
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analyses. The required dilution factors were recorded. 
The primary chemical analyses were made by Anlab. 
Subsamples from these diluted extract volumes were sent 
to Stuart Krasner at MWD. The MWD-measured DOC, 
UV A, and TIIMFP data from these subsamples are 
presented and described here. Tables C3-8 (wetland 
soils) and C3-9 (agricultural soils) show all chemical 
analyses of the eight soil samples for the three holding 
times. 

In its comment letter on the draft report, DWR 
commented that the initial soil moisture content is an 
important variable for determining the original quantity 
of soil material. Anlab determined initial soil moisture in 
the samples by drying a subsample of the soil. The solids 
content (percentage) and the volatile solids fraction 
(percentage) of the dry soil material were both measured 
for each sample. The moisture content can be calculated 
by subtracting the solids percentage from l 00%. The 
initial water weight (in grams) is another expression of 
the moisture content in the initial weight of wet soil 
(grams). These soil moisture values are listed in Tables 
C3-8 and C3-9. 

The extracted percentage of the total water and the 
carbon content of the soil were calculated for comparing 
and normalizing concentrations. The total water in the 
saturated soil sample is the original water content plus the 
added deionized water required to saturate the sample. 
The extracted fraction of the total soil water is the actual 
volume obtained following vacuum extraction. The 
carbon content of the soil was estimated from the initial 
(dry) weight of organic matter (volatile solids) in the soil, 
assuming a carbon content of 400/o (average carbon 
content of organic materials). The percentages of solids, 
volatile solids, and extracted water volumes were quite 
consistent between the three holding-time treatments for 
each soil sample. 

Results 

The results of the soil analyses and the soil water 
extract concentrations for the three holding times are 
compared for groups of related parameters. Because 
separate soil subsamples were used for the three holding­
time treatments, some variability in the soil properties 
and extracted water concentrations was expected. The 
mass of DOC or other chemical constituent in the 
saturated soil water volume can be calculated by 
multiplying the concentration observed in the extracted 
volume by the total estimated soil water volume (extract 
volume/percent water extracted/} 00). 
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SoU Properties. The wet weight and the dried 
weight f<r eaclt soil extract sample were used to estimate 
the initial water weight (and volume) of each sample. 
The solids content varied from about 300/o to 60%, which 
is typical of peat soils (Buckman & Brady 1960). 

The initial volume of soil water was calculated from 
the weight of initial water (assuming 1 rnVg). The 
volume of water added to saturate the soil sample was 
recorded, and the total volume of water in the saturated 
sample was calculated. The extracted volume was 
recorded, and the portion of the total soil water volume 
represented by the extracted volume was calculated. The 
extracted portion of the total saturated soil water volume 
varied from about 25% to 500/o. The remainder is 
retained in the soil under the vacuum conditions used for 
extraction. 

The organic content of the soil samples was esti­
mated from the volatile solids fraction and varied from 
20% to 600/o (Figure C3-22), which is typical of peat 
soils (Buckman & Brady 1960). The estimated mass of 
organic carbon in the soil samples was calculated, based 
on the assumption that 400/o of the organic content of the 
soil was carbon, and ranged between 30 g and 90 g. This 
soil organic carbon content value was used to determine 
the fraction of soil organic carbon measured in the 
extracted water DOC. 

Organicl. DOC concentrations in the extracted 
water did not consistently increase with longer holding 
times (Figure C3-23). Some concentrations differed a 
great deal between the three holding-time treatments, but 
this variability between replicate soil samples was 
expected because they were separate subsamples. The 
highest DOC concentrations and the greatest differences 
between soil samples were observed in the two surface 
agricultural soil samples. Although other samples had 
DOC concentrations between 30 mg/1 and 90 mg/1, the 
agricultural surface samples had DOC values between 
110 mgll and 240 mg/1. These soil water concentrations 
represent the highest possible DOC concentrations in 
drainage water from these soil samples because drain­
age processes would normally provide some dilution of 
these soil water concentrations. 

Ultraviolet Absorption. The UV A values for 
the extracted water samples showed a similar pattern 
(Figure C3-24), with no consistent increases related to 
holding time. The UV A values were generally similar 
(1-2 cm"1

) for all the bottom samples and the surface 
wetland soils. The UV A values were much higher ( 4-12 
cm-1) for the surface agriculture soils. These represent 
the highest possible UV A values in drainage or leaching 
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water fttm these soil samples because drainage processes 
would provide some dilution ofthese values. 

Figures C3-23 and C3-24 indicate that the Anlab and 
MWD measurements for both DOC and UV A from the 
soil extract samples were quite similar, increasing 
confidence in the general results of this experiment. 

The ratios of UV A to DOC were similar for all 
wetland and bottom agricultural samples, with values 
generally of0.025-0.040 (Figme C3-25), similar to the 
ratios fran barrel sample measurements from the vegeta­
tioo decay experiment (Figure C3-18). The surface agri­
cultural samples gave UV A/DOC values greater than 
0.04. Amy et al. (1990) reported that the UV A/DOC 
ratio for river inflow water was about 0.025 and for 
several Delta agricultural drainage samples averaged 
0.045. 

DWR's comment letter suggested that the ratio of 
UV A to DOC may indicate the reactivity of the DOC 
material to form TIIM. UV A, rather than the more 
general DOC measurement, has been used in other 
studies to indicate the presence of reactive TIIM pre­
cursors (suspected to be fulvic and humic acids). If the 
ratio between UV A and DOC is slightly different for each 
source of DOC, possible source variation in the yield of 
THM from DOC can be estimated by using this UV A 
measure. Therefore, UV A may provide a much simpler 
measurement and perhaps a more direct index of TIIM 
precursors. 

Delta peat soils appear to have somewhat higher 
UV A/DOC ratios (0.025..:0.060 in Figure C3-25) than 
decaying vegetation samples (0.025-0.030 in Figure C3-
18). In comparison, DWR MWQI data for 1990-1991 
showed that samples of Delta export water had 
UV A/DOC ratios of 0.025-0.035, whereas the Sacra­
mento River has lower UV A/DOC ratios of0.020-0.025. 
MWQI data for 1990-1991 from agricultural drains on 
the DW project islands (Bouldin and Bacon Islands and 
Webb and Holland Tracts) had average UV A/DOC ratios 
of0.035-0.050. UV A values may therefore differ slightly 
between waterftom wetlands (fresh vegetation) and from 
agricultural (soil and organic residue) drainage, with 
agricultural drainage contributing higher UV A values for 
the same DOC concentration. 

Ratio of Dissolved Organic Carbon to Soil 
Organic Carbon. DOC measurements in the extracted 
water can be compared with the estimated soil sample 
organic carbon content (actual carbon content measure­
ments were not included in study design) to provide an 
index of the fraction of the organic carbon in the soil that 
is dissolved as DOC. If the total DOC mass (mg) in the 
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saturated soil water volume is compared with the TOC 
content of the soil sample (g), the relative magnitude of 
the potential source of DOC from these soil samples can 
be indexed and comparatively assessed. Measurement of 
the soil-sample carbon content should be made in future 
tests of this sort. 

Soil sample carbon content was estimated from the 
measured volatile solids fraction, based on an assumed 
carbon content of 400/o. For example, the first column 
of Table C3-8 indicates that the 2-hour holding time 
sample from the surface of wetlands site I had an initial 
weight of I ,200 g. a solids content of 58%, and a volatile 
solids content of 28%. The soil sample is calculated 
to have a carbon content of 78 g (1 ,200g • .58 • .28 • 
.40 = 78g). The corresponding ratio of DOC to soil 
organic carbon was 0.39 mglg (30mgl78g = .39 mglg). 

In this experiment, the bottom samples from all four 
locatioos had similar ratios of DOC to soil organic carbon 
of 0.4-0.8 milligrams per gram (mg/g), suggesting that 
only 0.04% to 0.08% of the soil organic carbon is 
dissolved in the soil water (Figure C3-26). The surface 
wetland samples also had similar ratios of DOC to soil 
organic carbon of0.4-0.8 mglg. In contrast, the surface 
agricultural soil samples had ratios of DOC to soil 
organic carbon of 1.0-2.2 mg/g. The magnitude of these 
ratios suggests that only a very small fraction of the soil 
organic carbon is readily dissolved in the saturated soil 
water, even with a holding time of 30 days. The ratios of 
DOC to carbon in surface agricultural soil samples of 1-
2 mg/g suggest that only 0.1% to 0.2% of the organic 
carbon in the soil samples is dissolved in the soil water. 
The availability of DOC is considerably greater (two to 
three times) in the surface agricultural soils than in the 
wetland soils or deeper agricultural soils. 

Carbon Content of Trihalomethane. Figure 
C3-27 shows the C-THM values measured by MWD. By 
calculating the C-THMJDOC ratio, the yield of C-TIIM 
from DOC can be determined. As shown in Figure C3-
28, the C-THMIDOC ratio was between 4.5 ~g/mg and 
9 ~g/mg, suggesting that about 0.5-1.00/o of the DOC 
becomes TIIM molecules during the THMFP assay 
performed by MWD. These ratios for the soil extract 
samples are similar to those obtained by MWD for the 
vegetation decay experiment samples (7 -12 ~g/mg, or 
0.7-1.2%), as shown in Figure C3-20. 

Recent work by DWR and MWD indicates that the 
yield of C-TIIM from DOC depends on the strength of 
the chlorine dose relative to the DOC concentration 
(DWR 1992). This relationship is described below, 
under "Relationship between Dissolved Organic Carbon, 
Bromide, Chlorination, and Trihalomethanes". The 
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MWD technique, however, uses a constant chlorine-to­
DOC ratio of about 3. The similar C-TIIMIDOC ratios 
froo1 the vegetation and soil experiments suggest that the 
reactivity of DOC to form 111M molecules during 
cblorination is genenlly similar for both vegetation decay 
and soil extract sources of DOC. 

MWD cmunented oo the draft report that the similar 
relative yield of C-TIIM from DOC for both agricultmal 
and wetlands soils emphasized the need to quantify the 
mass balance of DOC from Delta soils under alternative 
land management practices. The greater concentrations 
of DOC in agricultw"al soils are only significant if the 
DOC concentrations are leached and transported to the 
Delta drains by agricultw"al water management. These 
soil water measurements suggest that the maximum 
possible DOC concentrations in drainage water from 
agricultw"al surface soils are considerably higher than 
concentrations froo1 wetland or subsurface soils. Because 
it is likely that the movement of water through the agri­
cultural soils dw"ing irrigation and salt leaching is greater 
than the movement through wetland soils, the mass of 
DOC from agricultural soils is likely to be higher than 
from wetlands. However, these DOC mass measure­
ments were not made in this experiment. 

Salts. Extract concentrations of salts were some­
what variable among the soil samples and the holding­
time treatments, as shown for the general variables of 
TDS and EC in Figure C3-29. The agricultural-2 
samples had extremely high salt concentrations. Calcium 
and magnesium showed a similar pattern, with variations 
not related to the extract holding time. Individual anions 
and cations generally show constant ratios in each soil 
sample, independent of the saturated holding time. Salt 
concentrations did not show consistent increases with 
saturation holding time, perhaps because soluble salts are 
readily available and dissolve quickly. 

pH. DWR recommended that reduction-oxidation 
(redox) potential be measured for each soil sample to 
demonstrate the general chemical conditions for each 
sample. Alternatively, the pH of a soil water extract 
provides an indication of the general chemical conditions 
of the soils. Table C3-9 indicates that extracts from all 
agricultural soil samples had pH values between 5.6 
and 6.6. The surface wetland soil extracts had pH values 
between 5.0 and 5.6, and the bottom (2-foot-deep) 
wetland soil extracts had the lowest pH values, between 
4.5 and 5.1 (Table C3-8). These pH values generally 
confrrm the hypothesis that agricultural soils would be 
more oxidized (with higher pH) than wetland soils and 
may therefore contribute more DOC than wetland soils 
would contribute to Delta waters. 
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Conclu•lon• 

The soil sample extracts provide a relative index of 
the potential foc soil drainage or leaching to contribute to 
UV A, DOC, minerals, and nutrients in drainage or 
ponded water. This experiment generally confirmed the 
hypothesis that surface agricultmal soils constitute the 
greatest potential source of DOC and that wetlands soils 
are less of a potential source than agricultural soils. This 
provides an answer for question 4 (What are the relative 
contributions of DOC and associated water quality 
variables from agricultw"al and wetland soils?): agri­
cultural surface soil has approximately twice the DOC 
yield index as wetland soils (Figure C3-26). 

Salts. UV A, and DOC (humic material) appear to be 
rapidly dissolved from the soil matrix into the saturated 
water. The potential contribution of these materials from 
different soils can be determined from the soil water 
extraction procedure demonstrated with this experiment, 
but the actual movement of these materials from soils into 
drainage or leaching water depends on water movement 
and other factors that were not addressed by these experi­
ments. 

The ratio of DOC to soil organic carbon provides an 
appropriate index for comparing the potential DOC con­
tribution from soils, but the actual amount of DOC 
released from the soils cannot be determined unless it is 
known what volwne of soil water is removed during agri­
cultural practices or is leached into a flooded wetland or 
storage water volume. It does appear, however, that 
wetland soils would yield lower DOC loading than 
agricultural soils if a similar volume of soil water were 
extracted dw"ing agricultural practices and wetland flood­
mg. 

Similar experiments might be performed to charac­
terize the potential for release of DOC from other Delta 
soils. It appears that the basic 2-hour holding time is 
sufficient to obtain representative extract water concen­
trations for salts and organics. The similarity between the 
2-hour measurements and 7-day and 30-day measure­
ments suggests that the DOC contribution from peat soils 
does not increase with holding time. These soil extract 
water concentrations characterize the potential sources of 
organics from the soil matrix but cannot be directly used 
to estimate the loading to agricultural drainage water or 
to flooded wetlands or storage water. 
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RELATIONSHIP BE1WEEN DISSOLVED 
ORGANIC CARBON, BROMIDE, 

CHLORINATION, AND 
TRDIALOMETIIANE 

One of the major purposes of measuring the contri­
butions to Delta waters of DOC from Delta agricultural 
and wetland islands is to calculate the increase in DOC at 
the Delta export locations and estimate the anticipated 
THM concentrations in treated drinking water resulting 
from these increases. Increased bromide concentrations 
dwing periods of seawater intrusion or from San Joaquin 
River sources may also affect the anticipated THM con­
centrations in treated drinking water. Two basic methods 
can be used to estimate the THM concentrations in 
treated drinking water: 

• Predict THM based on levels of basic water 
quality variables and the expected chlorination 
dose and time in the water treatment plant, us­
ing a regression equation developed from pre­
vious THM tests. This is the method used in 
the EPA water treatment plant (WTP) THM 
model (Appendix C5, "Modeling Trihalome­
thane Production at a Typical Water Treatment 
Plant Using Delta Export Water"). 

• Estimate the THMFP from a chemical assay 
procedure to identify the relative potential to 
form THM (but not the actual THM concen­
tration). This is the method used by DWR in its 
THMFP assay for Delta channel water and 
drainage water and the method used by MWD 
in its simulated distribution system (SDS) 
assay. 

Following the analysis of available DWR and MWD 
data and the experimental results described in this appen­
dix, a generalized method for estimating THM concentra­
tions for any combination of DOC, bromide, and chlori­
nation dose has been developed that is sufficiently accur­
ate for impact assessment purposes. This generalized 
method provides a conceptual framework for under­
standing the yield of C-l'HM from DOC and the incor­
poration of bromine into the THM molecules. This 
method is applicable for the full range of possible 
chlorination doses, and therefore can be used to predict 
THMFP assay, SDS assay, or actual treatment plant 
THM data. Figure C3-30 illustrates the method for 
estimating 111M concentrations from DOC, bromide, and 
chlorination (Cn dose. 

Delta Wetlands Draft EIRIE/S 

87-1191flfVLPJ>D~3 C3-17 

Yield of C-THM from Dis1olved 
Organic Carbon 

The first step in the generalized method is to 
describe the expected yield of C-THM from the DOC 
concentration. The DWR MWQI data for Delta water 
indicates that the yield of C-THM is approximately 1-2% 
of the DOC concentration. However, it is recognized that 
this THM yield is a function of chlorine dose and is 
therefore much lower in the SDS assay or actual treated 
water than in the THMFP assay. 

The TIIMFP assay used by DWR MWQI to estimate 
the THMFP ofl)elta water and agricultural drainage uses 
a relatively strong initial chlorine dose (120 mg/1 en 
with an incubation time of 7 days at 25"C (DWR 1992). 
The ratio of chlorine to DOC would be 40: I for low 
DOC concentrations (3 mg/1) and would decrease to 
4: I for high DOC concentrations (30 mg/1). The SDS 
assay, used by MWD to estimate actual distribution 
system 111M concentrations, uses a variable chlorination 
dose (3 x DOC + 8 x NH3 ) to oxidize the ammonia and 
provide a chlorine-to-DOC ratio of about 3:I at 25"C 
(Symons et al. I993). Actual chlorine doses at typical 
water treatment plants may be characterized by a 
chlorine-to-DOC ratio of less than I (Appendix C5, 
"Modeling of Trihalomethane Production at a Typical 
Water Treatment Plant Using Delta Export Water"). 

Results from several special THMFP and SDS 
assays with variable chlorine doses performed by MWD 
and DWR (DWR I992) suggest that the yield of C-THM 
would increase rapidly at low chlorine-to-DOC ratios and 
level off at relatively high chlorine-to-DOC ratios. A 
half-saturation curve was tested as a reasonable way to 
describe this tendency for the C-THM yield to saturate at 
high chlorine doses. The yield of C-THM as a percentage 
of DOC was estimated as a function of the chlorine-to­
DOC ratio that was used as the chlorine saturation 
variable. 

The maximum yield of C-THM was estimated as 
2%, based on the maximum yield observed in the MWQI 
Delta channel data, having chlorine saturation values 
(120/DOC) of greater than about 20 (see Figure Cl-8 in 
Appendix C I, "Analysis of Delta Inflow and Export 
Water Quality Data"). The half-saturation value for 
chlorine saturation could not be estimated from the 
MWQI Delta channel data, because few of these samples 
had low chlorine saturation values. The MWQI agricul­
tural drainage samples, however, had much lower chlor-
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ine saturation values (1-20) because the DOC concentra­
tions were much higher in these samples. The chlorine 
saturation value that gives a C-TIIM yield of I% DOC is 
the half-saturation coefficient This coefficient was 
estimated as a chlorine-to-DOC ratio of approximately 5. 
The yield of C-TIIM is therefore estimated as: 

C-THM/DOC (%) = 2 • Cl+/DOC/(5+Cl+ /DOC) 

This relationship was then tested with the MWD 
SDS data, which represented relatively low chlorine 
saturation values (1-3). All three data sets generally 
followed (with considerable scatter) this estimated half­
saturation curve for C-TIIM yield. (Figures 3C-31 
[channels], 3C-33 [drains], and 3C-35 [SDS]). 

Bromine Incorporation 

The second step in the general method to estimate 
TIIM concentrations is to calculate the bromine incor­
poration (n), with a value between 0 and 3, as a function 
of the bromine saturation, defmed as the molar ratio of 
bromine to TIIM halogen sites (3 • TIIM). Another 
half-saturation relationship between the bromine 
incorporation and the bromine saturation variable was 
tested as a reasonable way to describe this bromine 
saturation. The bromine saturation value is calculated as: 

Br saturation= Brn9.9 
3 • C-TIIM/12 

= Br/(C-TIIM • 20) 

The maximwn possible bromine incorporation value 
is 3, so the half-saturation coefficient was estimated as 
the bromine saturation value that gave a bromine incor­
poration (n) of 1.5. This half-saturation coefficient was 
approximately 2. The half-saturation curve for bromine 
incorporation (n) is: 

n = 3 • Br saturation I (2 + Br saturation) 

The bromine concentratiOn was estimated for some 
samples without bromine measurements as 0.0035 • 
chloride, using the ocean ratio of bromide to chloride. 
All MWQI and MWD data generally follow (with some 
scatter) this bromine incorporation curve (Figures 3C-32 
[channels], 3C-34 [drains] and 3C-36 [SDS]). 
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Trlhalomethane Concentration 

The third step in the general method to estimate 
THM concentration is to calculate the fmal THM 
concentration from the C-THM and bromine incorpora­
tion (n) estimates. With no bromine incorporation (n=O), 
the THM molar weight is 119 g/mole. With complete 
bromine incorporation (n=3), the THM molar weight is 
252.5 glmole, for an incremental molar weight of 44.5g 
for each integer of bromine incorporation (n). The THM 
concentration is therefore: 

THM (f.tg/1) = C-TIIM/12 • (119 + n • 44.5) 

Trihalomethane Species 

A simple probability calculation can be used to esti­
mate the concentration of individual THM molecules 
(Hutton and Chung 1994). Because the probability that 
any one halogen site is occupied by bromine is n/3, the 
probability that a site is occupied by chlorine is 1-n/3. 
The distribution (fraction) of TIIM species can then be 
estimated as: 

CHBrC~ = 3 (1-n/3)2 (n/3) 

CHBr2Cl = 3 (1-n/3) (n/3)2 

1 - n + 1/3 n2 
- 1/27 n3 

Figures C3-31 and C3-32 show the DWR MWQI 
Delta channel measurements of C-THM yield and bro­
mine incorporation (n). These data have relatively high 
chlorine-to-DOC ratios and provide an estimate of the 
maxirnwn yield of C-TIIM from DOC of about 2%. 
There is certainly a great deal of scatter about the pro­
posed chlorine saturation curve, caused by possible 
variations in the assay conditions or deviations from the 
general saturation curve. 

The bromine incorporation curve for the DWR 
MWQI Delta channel measurements follows the pro­
posed bromine saturation curve through the entire range 
of bromine saturation, including some high bromide 
concentration samples from Mallard Island. 
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Figures C3-33 and C3-34 show the DWR MWQI 
Delta agricultural drainage measurements of C-THM 
yield and bromine incorporation (n). These data have 
lower chlorine-to-DOC ratios and provide an estimate of 
the half-saturation coefficient for chlorine saturation of 
about 5. The C-THM yield appears to be limited at lower 
chlorine-to-DOC ratios, confirming the general saturation 
curve description. There is certainly a great deal of 
scatter about the proposed chlorine saturation curve, 
caused by possible variations in the assay conditions or 
deviations from the general saturation curve. 

The bromine incorporation curve for the DWR 
MWQI Delta agricultural drainage measurements follows 
the proposed bromine satmation curve in the lower range 
of bromine saturation, caused by much higher C-THM 
formation with relatively little bromide concentration in 
the samples. 

Figures C3-35 and C3-36 show the MWD SDS 
assay results for C-THM yield and bromine incorporation 
(n) from Delta water. These data have much lower 
chlorine-to-DOC ratios and are more representative of 
actual water treatment plant conditions. The C-THM 
yield appears to be definitely limited at these low 
chlorine-to-DOC ratios, confirming the general chlorine 
saturation curve description and the half-saturation 
coefficient for chlorine saturation of approximately 5. 
There is some remaining scatter about the proposed 
chlorine saturation curve, caused by variations in the 
assay conditions (incubation time and temperature) or 
deviations from the general saturation curve. 

The bromine incorporation curve for the MDW SDS 
assay results for Delta water, including some bromine 
spike experiments, follows the proposed bromine satur­
ation curve throughout the range of bromine saturation, 
caused by much lower C-THM formation compared with 
the available bromide concentration in the samples. 

These three independent data sets of THM assay 
measmements provide some confirmation of the general 
conceptual framework for estimating THM concentra­
tions from the DOC, bromide, and chlorination condi­
tions. This method can-be used for assessment of the 
potential effects of DW project discharges on Delta 
channel DOC concentrations and the expected change in 
THM concentrations in treated drinking water exported 
from the Delta. It therefore can be used for mitigation 
monitoring of DW discharges to prevent significant 
adverse impacts on treated drinking water THM con­
centrations. 
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SUMMARY OF RESULTS 

The water quality experiments described in this 
appendix demonstrate that concentrations of organic 
THM precursors are consistently related to concentra­
tioos of other nutrients and minerals in the Delta. Vege­
tation and soils in the Delta each have characteristic 
chemical compositions that produce distinctive residual 
chemical compounds during decay and oxidation. 

Many of the observed relationships among these 
organic variables are similar to those described by the 
DWR MWQI data from Delta channels and agricultural 
drains (see Appendix CI, "Analysis ofDelta Inflow and 
Export Water Quality Data", and Appendix C2, "Analysis 
of Delta Agricultural Drainage Water Quality Data"). 
DOC is the major variable of concern as a measurement 
of organic THM precursors produced from vegetation 
and peat soils. DOC exhibits consistent relationships 
with UV A and C-THM. The consistent relationships 
among these variables provide a solid basis for 
developing impact assessment models and for specifying 
mitigation monitoring requirements for DW operations. 

The vegetation decay experiment in 1992 demon­
strated that little (approximately 3-4%) of the organic 
carbon produced by decaying vegetation remains in the 
water as DOC; most is lost as C02 during aerobic 
decomposition. Most of the minerals (calcium, magne­
sium, and potassium) and nutrients (nitrogen and phos­
phorus), however, remain dissolved in the water in 
concentrations that reflect the original plant composition. 

DOC concentrations produced by decaying vegeta­
tion may be most closely related to the lignin content of 
the vegetation. The observed DOC load produced by 
wetland vegetation was estimated to be between 5 glm2 

and 7.5 glm2• The expected DOC load from corn crop 
residues left in agricultural fields is estimated to be 
approximately four times as much, based on a much 
larger biomass, with approximately the same lignin 
content. Contributions of DOC from corn crop residues 
in the Delta have not been measured directly. 

The 1992 soil water extraction experiment demon­
strated that little (less than 0.2%) of the organic carbon in 
Delta peat soils was dissolved in the soil water. The ratio 
ofDOC to soil carbon was greater (two times), however, 
in surface samples from the agricultural field than in the 
deeper samples from the agricultural field or in samples 
from the demonstration wetland. This experiment indi­
cated that the availability of DOC in soil water is greater 
in surface peat soils under agricultural conditions than in 
wetland soils. 
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The 1989-1990 flooded wetland and seasonal water 
storage experiments in the Holland Tract demonstration 
wetland indicated a DOC load in the wetland of appro­
ximately 25 glm2

• Apparently, almost all this DOC load 
mginated ~the vegetation and smface residues on the 
wetland soil; the DOC load did not increase substantially 
during the 3-month water storage period from peat soil 
leaching. The vegetation experiment DOC estimate of 
5-7.5 glm2 indicated that decay of fresh wetland vege­
tation may accowtt for only 25% of the estimated DOC 
load from the wetland Therefore, the remainder must 
have mginated from smface peat soil oxidation or vege­
tation residues from previous growing seasons. 

A direct estimate of DOC load from agricultural 
drainage on Holland Tract oc any other Delta island is not 
available because the MWQI does not yet have access to 
drainage volumes to combine with the DOC concentra­
tion measunments. For the EIRIEIS impact assessment, 
the probable DOC load conditions for the DW project 
and for no-project agricultural drainage from the DW 
islands must be estimated. 

Because direct measurements are not available, the 
most reasonable procedure for assessing the potential 
effects ofDW project operation on DOC is to combine 
available measurements in a conceptual model of Delta 
island agricultural water and salt management Such a 
model can then be used to estimate drainage quality for 
the Delta agricultural islands and DW project islands. 
Such a conceptual model of Delta agricultural water 
management, salt balance, and organic carbon cycle is 
presented in Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Model". Potential effects ofDelta export 
water quality (especially bromide and DOC con­
centrations) on THM concentrations in treated drinking 
water are presented in Appendix CS, "Modeling ofTriha­
lomethane Productioo at a Typical Water Treatment Plant 
Using Delta Export Water". 
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Table C3-1. Demonstration Wetland Biomass Composition Compared with Bouldin Island Com Biomass Composition 

Hemi-
Dry Weight Cellulose cellulose Lignin Biomass Biomass Lignin 

Sample (gram) (percent) (percent) (percent) (ton/acre) (kg/sq. m) (kg/sq. m) 

Holland Tract Demonstration Wetlands Vegetation Samples" 

October 1989 

1 107 35.4 27.7 4.6 1.71 0.38 0.02 

2 153 36.2 28.2 4.0 2.45 0.55 0.02 

3 130 33.6 24.3 5.7 2.08 0.47 0.03 

4 184 32.9 27.4 5.5 2.94 0.66 0.04 

5 191 28.5 35.5 4.0 3.06 0.68 0.03 

6 260 25.6 30.4 6.6 4.16 0.93 0.06 

7 123 22.9 34.4 3.8 1.97 0.44 0.02 

8 197 37.9 22.8 5.8 3.15 0.71 0.04 

Average 168.1 31.6 28.8 5.0 2.69 0.60 0.03 

November 1989 

1 82 35.4 27.0 4.2 1.31 0.29 O.Dl 

2 129 35.4 26.0 4.2 2.06 0.46 0.02 

3 108 35.8 21.1 7.4 1.73 0.39 0.03 

4 116 38.3 25.6 4.7 1.86 0.42 0.02 

5 204 32.2 28.2 5.7 3.26 0.73 0.04 

6 126 34.7 20.7 10.9 2.02 0.45 0.05 

7 112 37.7 25.2 6.6 1.79 0.40 0.03 

8 222 40.8 23.2 5.5 3.55 0.80 0.04 

\ Average 137.4 36.3 24.6 6.2 2.20 0.49 0.03 

January 1990 

1 83 36.7 26.6 5.1 1.33 0.30 0.02 

2 71 39.7 26.9 3.8 1.14 0.25 O.Dl 

3 114 36.5 21.9 8.3 1.82 0.41 0.03 

4 103 41.6 27.7 4.9 1.65 0.37 0.02 

5 168 30.1 30.1 7.8 2.69 0.60 0.05 

6 71 33.3 25.0 6.3 1.14 0.25 0.02 

7 143 37.6 23.9 6.8 2.29 0.51 0.03 

8 148 40.7 24.5 6.8 2.37 0.53 0.04 

Average 112.6 37.0 25.8 6.2 1.80 0.40 0.03 

Grand Average 139.4 35.0 26.4 5.8 2.23 0.50 0.03 

Bouldin Island Corn Stalksb 

November 1989 -
1 201 42.2 29.9 7.2 6.6 1.5 0.11 

2 213 40.7 27.9 7.1 7.0 1.6 0.11 

3 280 36.8 28.8 7.4 9.2 2.1 0.15 

Average 231 39.9 28.9 7.2 7.6 1.7 0.12 

• Each sample was composite of three 1-ft 2 clip plots of aboveground biomass. Species composition varied and was dominated by 
watergrass and smartweed. Samples· 1-4 were flooded vegetation; samples 5-8 were dry vegetation. 

b Each sample was one stalk with roots but without the ear. Com is planted at a density of30,000 stalks per acre. 



Table C3-2. Water Quality of the Holland Tract Demonstration Wetland 
during the Flooded Wetland Period of October 1989-January 1990 

Rock Slough Composite 

at Old River Inflow Sampling Dates 

Variables Units Oct2 Oct 19 Nov3 Nov 10 Nov 17" Nov 17" Nov 30 Dec8 Dec 15 Dec22 Dec29 Jan 5 Jan 15 

Water depth gage inches NA NA 23.25 22.25 23.75 2.1.75 23.25 23.00 23.00 23.25 24.75 
Field temperature oc 21.0 NA 14.0 11.0 10.5 9.5 9.5 5.3 6.3 7.8 11.5 
TOCb mgA 3.5 4.3 14.3 16.9 20.4 20.4 30.7 32.0 32.1 35.6 38.6 37.5 38.4 
Color units 20 NA 100 200 200 150 240 350 350 300 310 325 250 
pH units 7.8 6.6 8.2 6.8 6.9 6.8 6.9 6.8 7.0 7.0 7.0 7.1 

EC p.S/cm 520 677 826 809 831 840 816 891 737 125 746 715 680 
TDS mg/1 556 590 501 511 485 578 551 570 471 415 456 434 

Chloride mg/1 97 177 188 169 202 197 187 178 191 172 158 159 175 
Sulfate mg/1 30 65 66 80 78 105 88 99 97 92 90 83 
Nitrate-N mg/1 0.31 <.05 <.05 <.05 <.05 <0.5 <0.5 <.05 <.05 <.05 <.05 <.05 
Bromide mg/1 0.55 0.61 0.64 0.68 0.67 0.58 0.56 0.62 0.65 0.60 0.54 0.57 
Alkalinity mg/1 67 58 60 66 66 66 72 68 73 77 72 81 

Calcium mg/1 18 27 29 29 33 36 38 36 40 40 40 38 
Magnesium mg/1 18 22 23 22 24 27 27 26 28 28 27 26 
Sodium mg/1 62 97 106 108 110 114 111 113 104 108 104 101 102 

Chloroform p.g/1 250 130 1.500 1,300 1,800 1,800 3,500 2,900 2,800 3,..100 2,..100 2,800 2,600 

Bromodichloroform p.g/1 83 120 320 240 250 230 400 470 350 320 250 390 320 
Dibromochloromethane p.g/1 82 130 42 33 25 24 50 47 32 42 19 30 37 
Bromoform p.g/1 9 24 ND ND ND ND 4 ND ND ND ND ND ND 

THMFP p.g/1 424 404 1,862 1,573 2,075 2,054 3,954 3,417 3,182 3,662 2,569 3,220 2,957 
C-THM p.g/1 40 33 193 164 220 218 420 359 338 391 274 341 314 
CI-THM p.g/1 272 189 1,480 1,266 1,714 1,705 3,296 2,791 2,648 3,082 2,158 2,665 2,458 

Br-THM p.g/1 112 182 189 143 142 131 238 266 196 189 137 214 185 

Notes: 
NA = Not analyzed. 
ND = Not detected. 
8 Replicate samples. 
b Organic carbon measured in this experiment is assumed to be dissolved; therefore, TOC is equivalent to DOC. 
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Table C3-3. Water Quality of the Holland Tract Demonstration Wetland 
during the Seasonal Water Storage Period of April-July 1990 

Surface Samples Bottom Samples 

Variables Units 

Rock Slough 
at Old River 

April25 April 23 May 7 May 18 June 4 June 25 July 25 April 23 May 7 May 18 June 4 June 25 July 25 

Water depth gage 8 

Field temperature 
Field dissolved oxygen 
Secchi depth 
TOCb 

Color 
pH 
Organic nitrogen 
Ammonia-N 
Total phosphorus 
Ortho phosphorus 

EC 
TDS 

Chloride 
Sulfate 
Nitrate-N 
Bromide 
Alkalinity 

Calcium 
Magnesium 
Sodium 

Chloroform 
Bromodichloroform 
Dibromochloromethane 
Bromoform 
THMFP 
C-THM 
0-THM 
Br-THM 

Notes: 

ND = Not detected. 

inches 
oc 

I 
mg/1 
feet 
mg/1 
units 
units 
mg/1 
mg/1 
mg/1 
mg/1 

11S/cm 
mg/1 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

mg/1 
mg/1 
mg/1 

llg/1 
llg/1 
llg/1 
llg/1 
llg/1 
llg/1 
llg/1 
llg/1 

3 
20 

864 
466 

195 
39 
1.2 

0.66 
65 

18 
20 

120 

140 
130 
130 
39 

439 
36 

203 
201 

53 
19.5 

6 

58 
22 
5.5 

51 
21 

5.8 

56 
21.8 
6.8 

52 
23.5 
6.8 

2.9-3.1 1.9-2.8 3.1-3.4 3.0-3.5 3.0-4.0 
30 

250 
7.5 

0.58 
0.18 

0.1 

938 
605 

229 
43 

0.12 
0.97 

82 

30 
25 

147 

1,100 
390 
69 

3 

1.562 
156 

1,158 
247 

32 
200 
7.7 
1.5 

0.59 
<.05 
<.05 

940 
607 

260 
43 

0.19 
1 

92 

33 
26 

158 

1,600 
460 

93 
5 

2,158 
219 

1,638 
302 

32 
250 
7.6 
1.5 

0.41 
<.05 
<.05 

988 
622 

243 
40 

0.19 
0.9 
92 

32 
27 

159 

1,000 
310 
100 

7 
1,417 

141 
1,040 

236 

33 
200 
7.8 
1.1 

0.53 
<.05 
<.05 

964 
637 

238 
38 

0.16 
0.92 

93 

32 
25 

152 

31 
200 
7.6 
1.5 
<.1 

<.05 
<.05 

955 
590 

235 
33 

<.05 
0.96 
102 

31 
25 

153 

1,700 1,600 
500 440 
69 100 

3 4 
2,272 . 2,144 

231 217 
1,740 1,630 

301 296 

a Some siphoning of Old River water was used to maintain pond depth during the expP.riment. 
b Organic carbon measured in this experiment is assumed to be dissolved; therefore, TOC is equivalent to DOC. 

56 
26 

8.8 
3.2 
31 

200 
7.7 
1.3 

0.14 
O.o? 
<.05 

807 
485 

211 
2.1 

<.05 
0.98 
104 

28 
2.1 

137 

1,600 
490 
95 

ND 
2,185 

221 
1,651 

313 

19.3 
5.5 

22 
4.3 

21 
5.8 

21.5 
6.4 

2.1 
6.2 

2.9-3.1 1.9-2.8 3.1-3.4 3.0-3.5 3.0-4.0 
29 

250 
7.6 
1.9 

0.58 
0.2 

0.11 

937 
584 

226 
43 

0.12 
0.98 

83 

30 
25 

147 

1,100 
380 

48 
3 

1,531 
154 

1,151 
226 

32 31 
250 250 
7.7 7.7 
1.5 1.4 

0.62 0.44 
<.05 <.05 
<.05 <.05 

938 
636 

268 
43 
0.2 

1 
91 

33 
26 

158 

730 
310 
62 

6 
1,108 

109 
794 
205 

984 
617 

242 
40 

0.18 
0.89 

93 

31 
26 

156 

1,100 
410 

97 
5 

1.612 
160 

1,172 
280 

32 31 
200 225 
7.7 7.6 
1.3 1.2 
0.5 0.35 

<.05 <.05 
<.05 <.05 

965 
582 

242 
39 

0.16 
0.93 

93 

33 
25 

153 

1,700 
500 
100 . 

3 
2,.103 

2.13 
1,745 

325 

965 
515 

2.18 
34 

<.05 
1 

104 

31 
25 

153 

1,600 
440 
100 

3 
2,143 

217 
1,630 

295 

2.1.5 
6.6 
3.2 
31 

200 
7.8 
1.5 

0.13 
0.15 
<.05 

803 
538 

202 
2.1 

<.05 
0.99 
104 

28 
23 

136 

1,400 
430 

79 
ND 

1,909 
193 

1,444 
272 



Table C3-4. Evaporation Effects: Water Quality Variables in the 
Control Samples for the Vegetation Decay Experiment 

BarrelS Sample Dates 

Variables Units 1/2..1/92 2/27/92 3/10/92 3/10/92 3131/92 3/31/92 4/14/92 4/14/92 4/29!92 4!29!92 

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD 

DOC mg/1 8.2 4.74 4.3 4.27 7.2 4.33 5.8 4.86 
Color units 30 15 10 10 
UVA@254nm 1/cm 0.164 0.129 0.129 0.113 0.12 0.112 0.132 0.124 
UVA/DOC 0.0200 0.0272 0.0265 0.0167 0.0259 0.0228 0.0255 
pH units 73 8.5 7.4 7.6 
Organic nitrogen mg!l <0.5 2 <1.6 <1.7 
Ammonia-N mg!l 0.26 <0.03 <0.05 <0.03 <.05 <0.03 <.05 <0.03 
Total phosphorus mg/1 0.13 0.03 0.09 0.08 
Ortho phosphorus mg/1 0.11 <0.02 <.02 <.02 

EC p.S/cm 747 668 664 796 
TDS mg/1 460 420 

Chloride mg/1 160 136 130 141 180 144 170 170 
Sulfate mg/1 40 33 35 39 
Nitrate-N mg/1 0.84 <0.02 0.02 0.03 
Bromide mg/1 0.42 037 0.41 0.3 0.4 0.5 0.48 
Bicarbonate mg/1 76 83 
Anions meq/l 5.4 4.4 7.0 7.0 

Calcium mg/1 39 17 17 19 
Magnesium mg/1 20 16 16 18 
Potassium mg/1 6.1 5.3 5.6 5.6 
Sodium mg!l 96 85 82 100 
Cations meq/l 7.9 6.0 5.9 6.9 

Anions/Cations 0.68 0.72 1.20 1.00 
Sum oflons mg!l 367 291 419 442 
EC/Sum of Ions 2.0 2.3 1.6 1.8 
EC/TDS 1.4 1.9 
Bromide/Cbloride <0.0031 0.0031 0.0028 0.0029 0.0017 0.0028 0.0029 0.0028 

Bromodichloromethane p.g!l 160 153 178 180 
Bromoform p.g!l 26 32 37 37 
Chloroform p.g!l 160 150 179 180 
Dibromochloromethane p.g/1 138 141 173 165 
THMFP p.g!l 484 476 567 562 
Chlorine dose m1fl 14.2 12.9 13 15.1 
Chlorine residual mg/1 3.75 6.25 4.25 5 
pH ofTHMFP test units 8.2 8.3 8.26 8.2 
C-THM p.g/1 40 39 46 46 
0-THM p.g/1 2.15 22.1 265 266 
Br-THM p.g!l 209 214 256 250 
Br-THM/Br- p.g!mg 0.50 0.52 0.64 0.52 
Bromine-Incorporation (n) 0.26 0.28 0.28 0.27 
C-THM/DOC p.g!mg 8.4 9.1 10.7 9.5 
C-THM/UVA 310 343 412 371 
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Table C3-5. Natural Loading Effects: Water Quality Variables in the 
Single-Dose (IX) Samples for the Vegetation Decay Experiment 

Sample Dates 

Variables Units 2/27/92 2/27/92 3/10/92 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4/29/92 4/29/92 

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD 

DOC 

Color 

UVA@254nm 

UVA/DOC 

pH 

Organic nitrogen 

Ammonia-N 

Total phosphorus 

Ortho phosphorus 

EC 

TDS 

Chloride 

Sulfate 

Nitrate-N 

Bromide 

Bicarbonate 

Anions 

C'.alcium 

Magnesium 

Potassium 

Sodium 

Cations 

mg/1 15 

units 60 

1/cm 0.362 

0.0241 

units 6.7 

mg/1 2.6 

mg/1 < 0.5 

mg/1 1.1 

mg/1 0.74 

pS/cm 

mg/1 

mg/1 

mg/1 

mg/1 

mg/1 

mg/1 

meq/1 

mg/1 

mg/1 

mg/1 

mg/1 

meq/1 

732 

180 

44 

<.02 

0.39 

6.0 

19 

19 

14 

79 

6.3 

16.94 16 

100 

0.397 0.354 

0.0234 0.0221 

6.7 

0.07 < 0.5 

1.6 

0.39 

748 

152 61 

16 

<.02 

0.49 0.31 

2.1 

20 

18 

15 

88 

6.7 

12.44 13 

150 

0.373 0.382 

0.0300 0.0294 

6.8 

7.6 

0.03 < 0.05 

1 

0.23 

773 

152 160 

32 

<0.02 

0.47 0.4 

5.2 

23 

20 

15 

86 

6.9 

13.59 14 

100 

0.389 0.388 

0.0286 0.0277 

6.6 

18 

0.05 0.05 

1.7 

0.07 

773 

460 

154 190 

38 

0.05 

0.4 0.4 

120 

8.1 

24 

20 

15 

90 

7.2 

13.23 18 

100 

0.399 0.469 

0.0302 0.0261 

6.8 

20 

<.03 <.05 

1.9 

0.04 

913 

510 

157 180 

36 

<.02 

0.46 0.5 

150 

8.3 

28 

24 

18 

110 

8.6 

0.95 0.31 0.75 1.13 0.96 

mg/1 361 220 342 506 555 

2.0 3.4 2.3 1.5 1.6 

1.7 1.8 

15.4 

0.456 

0.0296 

<.03 

188 

0.52 

Anions/Cations 

Sum of Ions 

EC/Sum of Ions 

ECfiDS 

Bromide/Chloride 0.0022 0.0032 0.0051 0.0031 0.0025 0.0026 0.0021 0.0029 0.0028 0.0028 

Bromodichloromethane JLg/1 

Bromoform JLg/1 

Chloroform JLg/1 

Dibromochloromethane JLg/1 

THMFP -JLg/1 

Chlorine dose mg/1 

Chlorine residual mg/1 

pH of THMFP Test units 

C-THM JLg/1 

Cl-THM JLg/1 

Br-THM JLg/1 

Br-THM/Br- JLg/mg 

Bromine- Incorporation ( n) 

C-THM/DOC JLg/mg 

C-THM/UVA 

280 

1 

1,040 

55 
1,376 

51.4 

6 

8.2 

140 

1,055 

181 

0.37 

0.064 

8.3 

353 

280 

1.5 

860 

73 

1,214 

37.5 

2.95 

8.23 

121 

898 

195 

0.41 

0.080 

9.8 

326 

280 . 

1.5 

840 

71 

1,193 

41 

4.25 

8.24 

119 

880 

193 

0.48 

0.081 

8.8 

306 

317 

1.6 

1,069 

76 

1,463 

39.7 

3.4 

8.23 

148 

1,101 

215 

0.47 

0.073 

11.2 

370 

380 

2 

1,080 

84 

1,546 

46.2 

5.5 
8.16 

154 

1,139 

253 

0.49 

0.082 

10.0 

338 
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Variables 

Laboratory 

DOC 

Color 

UVA@254nm 

UVA!DOC 

pH 

Organic nitrogen 

Ammonia-N 

Total phosphorus 

Ortho phosphorus 

EC 

IDS 

Chloride 

Sulfate 

Nitrate-N 

Bromide 

Bicarbonate 

Anions 

Calcium 

Magnesium 

Potassium 

Sodium 

Cations 

Anions/Cations 

Sum of Ions 

EC/Sum of Ions 
EC{IDS 

Bromide/Chloride 

Bromodichloromethane 

Bromoform 

Chloroform 

Dibromochloromethane 

lHMFP 

Chlorine dose 

Chlorine residual 

pH of lHMFP Test 

C-THM 

CI-THM 

Br-THM 

Br-THM/Br-

Bromine- Incorporation ( n) 

Table C3-5. Continued 

Sample Dates 

Units 2/27/92 2/27/92 3/10/92 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4129/92 4/29/92 

AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD 

mgll 13 

units 70 

1/cm 0.384 

units 

mgll 

mgll 

mgll 

mgll 

p.S/cm 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

meq/1 

mgll 

mgll 

mgll 

mgll 

meq/1 

mgll 

JLgll 
JLgll 
JLgll 
JLgll 
JLgll 
mgll 

mglr 
units 

0.0295 

6.8 

3.4 

ND 

1.1 

0.66 

708 

180 

41 

<.02 

0.34 

5.9 

18 

18 

13 

72 

5.9 

1.01 

348 

2.0 

0.0019 

13.06 13 

100 

0.39 0.337 

0.0299 0.0259 

12.39 11 

100 

0.352 0.365 

0.0284 0.0332 

8.28 6.7 6.7 

9.4 

0,03 <0.03 0.05 

15 12 

0.48 0.43 

723 

149 110 

23 

<.02 

05 0.35 

3.6 

20 

18 

15 

88 

6.7 

0.53 

278 

2.6 

0.0034 0.0032 

300 

1.1 

1,080 

55 
1,436 

39.4 

1.8 

8.3 

146 

737 

143 150 

32 

<.02 

0.45 0.33 

4.9 

22 

19 

14 

82 

6.6 

0.74 

324 

2.3 

0.0031 0.0022 

280 

1.5 

780 

73 

1,134 

375 

5.7 

8.21 

113 

827 

195 

0.43 

12.29 13 

100 

0.373 0.386 

0.0303 0.0297 

6.6 

16 

0.04 0.05 

1.6 

0.2 

735 

420 

144 190 

33 

<.02 

0.41 0.3 

120 

8.0 

23 

19 
15 

82 

6.7 

1.20 

490 

15 

1.8 

0.0028 0.0016 

267 

1.3 

796 

63 

1,127 

37.5 

4.5 

8.24 

113 

834 

181 

0.44 

11.94 17 

100 

0.387 0.458 

0.0324 0.0269 

6.8 

19 

<.03 <.05 

1.7 

0.22 

859 

470 

147 190 

34 

0.03 

0.45 0.4 

140 
8.4 

25 

22 

17 

110 

8.3 

1.01 

547 

1.6 

1.8 

0.0031 0.0021 

309 

15 

1,040 

71 

1,421 

35.8 

3.4 

8.24 

143 

1,071 

13.7 

0.433 

0.0316 

<.03 

175 

0.49 

0.0028 

372 

1.8 

1,056 

80 

1,510 

40.9 
5.3 

8.15 

151 
1,113 

C-lHM/DOC JLg/mg 

1,100 

190 

0.38 

0.065 

11.2 

375 

0.086 

9.1 
320 

0.080 

9.2 

302 

208 

0.46 

0.072 

12.0 

371 

246 

0.50 

0.081 

11.0 

348 C-lHM/UVA 

Note: 
ND = Not detected. 
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Table C3-6. Double Loading Effects: Water Quality Variables in the 
Double-Dose (2X) Samples for the Vegetation Decay Experiment 

Sample Dates Barrel3 

Variables Units 2127/92 2127/92 3/10/92 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4/29/92 4/29/92 

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD 

DOC mgll 
units 

20 

150 

39.62 26 

100 

36.74 22 

150 Color 

UVA@254nm 

UVA!DOC 

1/cm 0.595 0.611 0.613 0.645 0.671 

pH 

Organic nitrogen 

Ammonia-N 

Total phosphorus 

Ortho phosphorus 

EC 

IDS 

Chloride 

Sulfate 

Nitrate-N 

Bromide 

Bicarbonate 

Anions 

Calcium 

Magnesium 

Potassium 

Sodium 

Cations 

Anion;/Cations 

Sum of Ions 

EC/Sum of Ions 

EC/TDS 

Bromide/Chloride 

Bromodichloromethane 

Bromoform 

Chloroform 

Dibromochloromethane 

THMFP 

Chlorine dose 

Chlorine residual 

pH ofTHMFP Test 

C-THM 

CI-THM 

Br-THM 

Br-THM/Br-

units 

mgll 
mgll 
mgll 
mgll 

JLS!cm 
mgll 

mgll 
mgll 
mgll 
mgll 
mgll 

meq/1 

mgll 
mgll 
mgll 
mgll 
meq/1 

mgll 

JLg/1 
JLg/1 
JLg/1 

- JLg/1 
JLg/1 
mgll 
mgll 
units 

Bromine- Incorporation (n) 

C-THM/DOC JLg/mg 

C-THMIUVA 

0.0298 0.0154 0.0236 0.0176 O.Q305 

6.5 
8.2 

0.05 
2.2 

1.1 

770 

170 

45 

<.02 

0.39 

5.7 

22 

22 

23 

88 

7.3 

0.78 

376 

2.0 

0.0023 

6.5 

0.21 0.1 

3 
0.51 

834 

145 110 

23 

<.02 

0.43 0.34 

3.6 

24 

21 

24 

93 

7.6 

0.47 

299 

2.8 

0.0030 0.0031 

364 

0.55 
2,534 

33 
2,932 

120.7 

21.5 

8.3 

310 

2,417 

204 

0.48 

0.033 

7.8 

507 

6.8 

14 

0.16 0.06 

2.1 

0.86 

866 

143 140 

32 

< 0.02 

0.42 0.37 

4.6 

27 

22 

23 

88 

7.6 

0.61 

337 

2.6 

0.0029 0.0026 

350 

0.19 

2,400 

35 

2,785 

111 

19.8 

8.23 

294 

2,292 

199 

0.47 

0.034 

8.0 

456 

34.58 26 

100 

0.625 0.636 

0.0181 0.0245 

6.6 

32 

0.4 0.12 

146 

0.42 

2.9 

0.96 

802 

480 

180 

25 

0.1 

0.3 

180 

8.5 

28 

22 

23 

84 

7.5 

1.14 

551 

1.5 

1.7 

0.0029 0.0017 

324 

0.32 

2,228 

36 

2,588 

107.3 

16.3 

8.26 

273 

2,128 

187 

0.44 

0.034 

7.9 

437 

29.73 42 

250 

34.43 

0.691 0.944 0.883 

0.0232 0.0225 0.0256 

6.7 

28 

0.45 0.14 

3.1 

1.14 

939 

580 

150 180 

28 

O.o3 

0.43 0.5 

210 

9.1 

31 

25 

27 

100 

8.7 

1.05 

611 

1.5 

1.6 

0.0029 0.0028 

360 

0.33 

2,491 

42 

2,893 

92.8 

4 

8.25 

305 

2,379 

209 

0.49 

0.034 

10.3 

442 

0.91 

175 

0.55 

0.0031 

364 

0.29 

2,400 

39 

2,803 

111 

1.75 

8.06 

295 

2,299 

209 

0.38 

O.o35 

8.6 

335 



Table C3-6. Continued 

Barrel4 Sample Dates 

Variables Units 2(27/92 2(27/92 3/10/92 3/10/92 3/31/92 3131/92 4/14/92 4/14/92 4/29/92 4(29/92 

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD 

DOC mg/1 22 38.2 30 36 23 33.02 27 30.5 34 31.16 
Color units 100 150 100 150 200 
UVA@254nm 1/cm 0.53 0.544 0.58 0.593 0.54 0.663 0.60 0.66 0.77 0.826 
UVA/DOC 0.0242 0.0142 0.0194 0.0165 0.0238 0.0201 0.022.1 0.0216 0.0229 0.0265 

pH units 6.4 8.25 6.6 6.8 6.6 6.8 
Organic nitrogen mg/1 11 7.5 29 23 
Ammonia-N mg/1 ND 0.07 0.1 0.05 < 0.05 0.2 0.09 0.5 0.09 0.09 
Total phosphorus mg/1 2.2 3.7 1.7 2.1 1.8 
Ortho phosphorus mg/1 0.9 0.51 0.9 0.54 0.47 

EC J.LS/cm 867 840 866 914 984 
TDS mg/1 530 610 

Chloride mg/1 200 171 180 140 163 180 160 180 186 
Sulfate mg/1 54 37 32 29 33 
Nitrate-N mg/1 < 0.02 < 0.02 <0.02 0.47 0.05 

Bromide mg/1 0.35 0.49 0.31 0.46 0.46 0.49 0.4 0.46 0.5 0.52 
Bicarbonate mg/1 170 200 
Anions meq/1 6.8 5.8 4.6 8.5 9.0 

Calcium mg/1 2.1 25 27 28 31 
Magnesium mg/1 25 24 25 25 27 
Potassium mg/1 27 27 26 26 29 
Sodium mg/1 91 94 89 88 110 
Cations meq/1 7.9 8.0 8.0 8.0 9.3 

Anions/Cations 0.86 0.73 0.58 1.06 0.97 
Sum oflons mg/1 427 393 344 555 620 
EC/Sum oflops 2.0 2.1 2.5 1.6 1.6 
EC/TDS 1.7 1.6 
Bromide/Cbloride 0.0018 0.0029 0.0017 0.0033 0.0030 0.0022 0.0029 0.0028 0.0028 

Bromodichloromethane J.Lg/1 405 380 331 358 384 
Bromoform J.Lg/1 1 0.25 0.41 0.46 0.34 
Chloroform J.Lg/1 2,300 2.200 1,959 2,.111 2,280 
Dibromochloromethane J.Lg/1 45 41 41 42 42 
THMFP J.Lg/1 2,751 2,621 2,331 2,711 2,706 
Chlorine dose mg/1 109 100.9 95.7 94.6 
Chlorine residual mg/1 20.5 13.8 3.7 2.25 
pH ofTHMFPTest units 8.22 8.25 8.24 8.07 
C-THM J.Lg/1 288 275 244 285 284 
Cl-THM J.Lg/1 2,229 2.128 1,893 2,218 2,201 
Br-THM J.Lg/1 234 218 194 208 221 
Br-THM/Br- J.Lg/mg 0.48 0.47 0.40 0.45 0.42 
Bromine-Incorporation (n) 0.041 0.040 0.040 0.036 0.039 
C-THM/DOC J.Lg/mg 7.5 7.6 7.4 9.4 9.1 
C-THM/UVA 530 464 369 432 344 

Note: 
ND = Not detected. 



Chemical 
Element 

K 

Ca 

Mg 

N 

p 

s 

Table C3-7. Comparison of Chemical Composition ofPlant Tissue 
and Observed Concentrations in the Vegetation Decay 

Experiment (in Percentages) 

Com 
Shoots 

General 
Plants 

2XBarrels 
(1 ,ooO g/m2

) 

1.9 0.50-0.60 1.25 

0.4 0.20-3.50 0.70 

0.3 0.10-0.80 0.50 

2.8 1.00-4.00 1.50 

0.3 0.10-0.80 0.12 

0.2 0.05-1.00 



Variables 

Initial Weight • 
Solids 8 

Percent Volatile • 
Initial Wat~r • 
Deionized Water • 
Extract Volume • 
Percent Water Extracted • 
Dilution Factor • 

Organic Carbon-40% • 
DOC a 

DOCb 
Color" 
UVA@254nm" 
UVA@254nmb 
UVA/DOC" 
UVA/DOCb 
DOC/Soil Organic Carbon • 
pH" 
Organic nitrogen • 
Ammonia-N" 
Total phosphorus • 

EC • 
TDS" 

Chloride • 
Sulfate • 
Nitrate-N • 
Bromide • 
Bicarbonate • 
Anions• 

Units 

g 
% 
% 
g 

ml 
ml 
% 

g 
mg!l 
mg!l 
units 
1/cm 
1/cm 

mg!g 
units 
mg!l 
mg!l 
mg!l 

JLS/cm 
mg!l 

mg!l 
mg!l 
mg!l 
mg!l 
mg!l 

meq/1 

Table C3-8. Holland Tract Demonstration Wetland Soil Sample Results 

Site 1 

Surface Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,200 
58 
28 

504 
500 
465 

46 
3 

78 
30 
33 

120 
1.19 
1.08 

1,000 

58 
27 

420 
260 
274 
40 
6 

63 
43 
46 
90 

1.16 
1.27 

1,000 

59 
29 

410 
250 
280 
42 
5 

68 
52 

NA 
150 

1.58 
1.25 

0.0397 0.0269 0.0304 
0.0327 0.0276 

0.39 
5 

2.5 
0.17 
<.09 

1,056 
600 

80 
220 
16 

<1.8 
<7 

7.09 

0.47 
5.4 
3.5 

<0.3 
0.12 

1,990 
1,100 

300 
450 

21 
< 12 

22 
18.53 

0.50 
5.6 
6.5 

0.43 
<.1 

1,770 
1,100 

180 
400 
0.85 
<.15 
<12 

13.42 

Bottom Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,000 

29 
58 

710 

100 
420 
52 

4 

1,000 
40 
36 

600 
25 

340 
54 
5 

67 58 
37 40 
34 41 

160 120 
1.49 1.21 
1.28 1.26 

0.0403 0.0301 
0.0376 0.0307 

0.45 0.43 
4.5 4.7 
3.8 < 0.25 

0.83 0.28 
<.08 <0.10 

1,604 
840 

210 
210 
4.1 

<1.2 
<10 

10.36 

1,790 
1,000 

310 
420 

11 
4 

<12 
17.71 

755 
29 
58 

536 
70 

315 
52 
5 

51 
66 

NA 
180 

1.58 
1.32 

0.0239 

0.79 
4.6 

<2.5 
0.99 
<.1 

1,550 
880 

220 
210 
<.1 

<.15 
<12 

10.57 

Site 2 

Surface Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,000 
59 
21 

410 
250 
255 
39 
6 

50 
34 

NA 
180 

1,000 

58 
24 

420 
270 
300 
43 
5 

56 
40 
38 

180 

1,000 

58 
24 

420 
216 
235 
37 

6 

56 
71 

NA 
210 

1.48 1.25 1.90 
1.15 1.23 1.5 

0.0436 0.0313 0.0268 
0.0324 

0.45 0.50 
5.3 5.3 
4.6 < 0.25 

0.35 1.6 
<.12 < 0.10 

612 
370 

25 
140 

11 
<3 

<15 
3.80 

795 
495 

42 
370 

3 

18 
9.23 

0.81 
5.6 

<3.2 
0.36 
<.12 

990 
580 

80 
340 
1.8 
<.6 
<15 
9.37 

Bottom Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,000 

40 
18 

600 
10 

134 

22 
8 

29 
30 
24 

1,000 

55 
21 

450 
96 

235 
43 
7 

46 
31 
37 

100 

1,000 

48 
21 

520 
0 

255 
49 
6 

40 
25 

NA 
90 220 

0.84 
0.7 

0.0281 

0.75 0.91 
0.74 0.62 

0.0242 0.0364 
0.0292 0.0200 

0.64 0.37 
4.8 5 
4.6 4.4 

0.69 < 0.39 
<.16 < 0.14 

1,520 
820 

160 
140 
4.4 

<1.6 
24 

7.89 

1,460 
770 

420 
250 
6.6 

< 1.4 
< 17 
17.15 

0.32 
5.1 

<5.6 
0.44 

<.12 

1,510 
750 

200 
210 
0.8 

<.18 
<15 

10.02 



/,r'' 

Variables Units 

Calcium • mg!l 
Magnesium • mg!l 
Potassium" mg!l 
Sodium • mg!l 
Cations • meq/1 

Anions/Cations • 
Sumoflons • mg!l 
Sum Ions/TDS • 
EC/TDS" 

Bromodichloromethane b JLg!l 
Bromoformb JLg!l 
Chloroform b JLg!l 
Dibromochloromethane b JLg!l 
TIHMFPb JLg/1 
Chlorine dose b mg/1 
Chlorine residual b mg/1 
pH ofTHMFP test b units 
C-THMb JLg/1 
C-THM/DOCb JLg/mg 
C-THM!UVA b 

Notes: 

/-.-.~._,__ 

Table C3-8. Continued 

Site 1 

Surface Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

54 120 130 
23 41 46 
8.4 9 8.5 
100 130 150 

9.18 15.30 17.Q7 

0.77 1.21 0.79 
501 1,060 915 

0.84 0.96 0.83 
1.8 1.8 1.6 

62 72 
<1.2 <2.4 

2.400 2,688 
4 6 

2,472 2,760 
99 139 
47 84 

8.2 8 
269 302 

8 7 
249 238 

Bottom Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

96 110 80 
34 36 30 
10 6.5 6 

160 130 120 
14.85 14.32 11.87 

0.70 1.24 0.89 
724 1,Q28 666 

0.86 1.03 0.76 
1.9 1.8 1.8 

122 86 
<2.0 

2,140 2,640 
5 4 

2,260 2,720 
102 122 
33 80 

8.3 8.1 
245 298 

7 7 
192 236 

Site 2 

Surface Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

19 34 52 
11 16 22 
14 10 6 
55 80 120 

4.62 6.77 9.80 

0.82 1.36 0.96 
275 546 622 
0.74 1.10 1.07 

1.7 1.6 1.7 

40 90 
NA NA 

2,090 4,950 
NA NA 

2,130 5,040 
96 282 
26 81 

8.3 8.3 
233 552 

6 
190 368 

Bottom Samples 
2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

56 55 72 
26 24 31 
4 3.8 4.8 

100 120 160 
9.42 10.06 13.26 

0.84 1.70 0.76 
478 879 679 
0.58 1.14 0.90 

1.9 1.9 2.0 

110 63 
NA NA 

1.280 1.449 
10 NA 

1.400 1.512 
73 110 
25 52 

8.3 8.3 
150 164 

6 4 
215 222 

All soil samples were collected on 2/27/92. Surface samples were collected by scraping the ground surface with a small trowel; bottom 

samples were collected from a 2- foot- deep hole. 

NA = Not analyzed (some samples were not analyzed by MWD because of insufficient extracted soil water). 

• Analyzed by AAL 

b Analyzed by MWD. 



Variables 

Initial Weight • 
Solids" 
Percent Volatile • 
Initial Water • 
Deionized Water • 
Extract Volume" 
Percent Water Extracted" 
Dilution Factor" 

Organic Carbon-40% • 
DOC" 
DOCb 

Color" 
UVA@254nm" 
UVA@254nmb 

UVA/DOC" 
UVA/DOCb 

DOC/Soil Organic Carbon " 
pH" 
Organic nitrogen • 
Ammania-N" 
Total phosphorus" 

EC" 
TDS" 

Chloride" 
Sulfate • 
Nitrate-N" 
Bromide" 
Bicarbonate " 
Anions a 

Units 

g 
l% 

% 
g 

ml 
ml 
% 

g 
mg/1 
mg/1 
units 
1/cm 
1/cm 

mg/g 
units 
mg/1 
mg/1 
mg/1 

11-S/cm 
mg/1 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
meq/1 

Table C3-9. Agricultural Soil Sample Results 

Site 1 

Surface Samples 

2-Hour 7-Day 30-Day 
Holding Holding Holding 
Time Time Time 

1,000 1,000 
46 45 
49 49 

540 550 
2..15 202 
300 335 
39 45 
5 5 

90 
190 
178 

2,000 
11.10 
10.7 

88 
130 
148 
150 
6.05 
5.98 

1,000 
45 
46 

550 
160 
345 
49 
4 

83 
120 
NA 
600 
5.05 
4.48 

0.0584 0.0465 0.0421 
0.0601 0.0404 

1.63 
5.8 
12 

1.11 
6 

6.8 

1.03 
6.2 
5.1 

0.32 < 0.30 0.67 
0.2 < 0.10 0.12 

455 
640 

1,440 2,610 
1,000 1,900 

9 52 
80 380 

3.1 1.6 
<1 < 0.15 
10 24 

2.14 9.80 

180 
830 

<.08 
0.16 

49 
23.17 

Bottom Samples 

2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,000 
38 
46 

620 
154 
315 

41 
5 

70 
60 
58 

220 
2.11 
1.86 

1,000 
34 
42 

660 
30 

305 
44 
5 

51 
44 
43 

150 
1.36 
1.36 

1,000 
29 
40 

710 
26 

350 
48 
4 

46 
41 

NA 
180 

1.69 
1.44 

0.0351 O.Q308 0.0412 
0.0321 0.0316 

0.66 0.53 0.65 
~8 6.4 63 
5.9 3 <2.2 

0.46 < 0.28 0.56 
<.1 <0.10 <.08 

3,225 
1,900 

2,700 
1,400 

390 290 
630 890 
43 32 

<10 < 4.0 
12 18 

25.00 27.52 

1,800 
1,100 

230 
320 
1.7 

0.32 
29 

13.65 

Site 2 

Surface Samples 

2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,000 
57 
35 

430 
280 
295 
42 
5 

1.000 
55 
34 

450 
284 
305 
42 
5 

1,000 
55 
36 

450 
274 
335 
46 
5 

80 75 79 
130 110 240 
131 113 NA 
350 500 2,000 

4.04 4.54 12.40 
4.06 4.56 NA 

0.0310 0.0413 0.0517 
0.0310 0.0404 

1.16 1.08 2.19 
5.7 6.1 6.6 
11 6.2 10 

1.6 < 0.33 0.76 
0.2 <0.10 039 

9,000 
6,000 

1,100 
1,900 

100 
<20 

18 
72.48 

2,710 
1,800 

64 
1,200 

1.2 
< 1.0 

24 
27.22 

525 
740 

16 
75 

0.57 
0.28 
130 

4.16 

Bottom Samples 

2-Hour 7-Day 30-Day 
Holding Holding Holding 

Time Time Time 

1,000 
54 
30 

460 
230 
280 
41 
5 

65 
65 
82 

180 
2.22 
2.05 

1.000 
58 
32 

420 
250 
245 
37 

6 

74 
85 
92 

210 
2.38 
2.38 

1,000 

55 
34 

450 
210 
260 
39 

6 

15 
56 

NA 
240 
1.97 
NA 

0.0342 0.0280 0.0352 
0.0250 0.0259 

0.69 
5.6 
6.2 

0.77 
5.1 
5.5 

0.49 
6.2 

3 
0.58 < 0.30 < .3 
<.1 < 0.12 <.12 

7,200 11,500 
6,500 6,600 

870 
1,500 

73 
<20 

12 
57.13 

1,800 
3,000 

120 
< 1.0 

24 
115.53 

4,300 
2,600 

510 
940 
57 

<3.6 
44 

37.28 
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Table C3-9. Continued 

Site 1 Site 2 

Surface Samples Bottom Samples Surface Samples Bottom Sam2Ies 
2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 

Variables Units Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding 
Time Time Time Time Time Time Time Time Time Time Time Time 

Calcium a mg/1 26 90 210 220 160 120 850 160 42 650 840 280 
Magnesium a mg/1 9.5 38 92 100 80 60 410 15 16 310 450 160 
Potassium a mg/1 1.2 7 12 4.8 1.4 1.2 60 27 10 12 24 40 
Sodium a mg/1 48 180 230 190 170 170 650 230 80 650 480 400 
Cations a meq/1 4.21 15.67 28.47 27.72 22.09 18.42 106.47 24.94 7.17 86.90 100.98 45.15 

Anions/Cations a 0.51 0.63 0.81 0.90 1.25 0.74 0.68 1.09 0.58 0.66 1.14 0.81 
Sumoflons a mg/1 172 737 1,530 1.572 1,614 889 5,061 1.745 175 4,059 6,702 2.425 
Sum lons!fDS • 0.27 .0.74 0.81 0.83 1.15 0.81 0.84 0.97 0.24 0.62 1.02 0.93 
EC!fDSa 0.7 1.4 1.4 1.7 1.9 1.6 1.5 1.5 0.7 1.1 1.7 1.7 

Bromodichloromethane b llg/1 210 190 240 180 140 192 660 174 178 302 120 
Bromoformb llg/1 1 <2.0 <2.0 
Chloroform b llg/1 14.260 9,820 8.440 3,180 2,600 4,768 7,680 7,980 3.475 4,320 4.440 
Dibromochloromethane b l!g/1 4 1 12 12 10 46 11 10 26 ND 
TTHMFPb llg/1 14,470 10,010 8,680 3,375 2,750 4,960 8.400 8,160 3,650 4,680 4,560 
Chlorine dose b mg/1 537 452 580 172 130 257 400 344 245 279 697 
Chlorine residual b mg/1 66 132 236 56 46 31 276 100 98 223 408 
pH ofTHMFP test b units 8.2 8 8.2 8.2 8.2 8.3 8.2 8.2 8.3 8.3 8.3 
C-THMb llg/1 1,586 1,095 948 365 298 540 900 892 397 501 498 
C-THM/DOCb l!g/mg 9 7 6 7 7 8 5 5 
C-THM/UVA b 148 183 212 196 219 375 222 196 194 210 

Notes: 
All soil samples were collected on 2/27/92. Surface samples were collected by scraping the ground surface with a small trowel; bottom 

samples werecollect<:d from a 2-foot-deep hole. 

NA = Not analyzed (some samples were not analyzed by MWD because of insufficient extracted soil water). 

ND = Not detected. 

a Analyzed by AAL 

b Analyzed by MWD. 
---------------
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Figure C3-1. 
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Figure C3-3. 
Concentration of Minerals during the 
1989-1990 Flooded Wetland Period 
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Figure C3-4. 
Concentration of Plant Nutrients during the 
1989-1990 Flooded Wetland Period 
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Figure C3-5 
Concentration of TOC during the 
1989-1990 Flooded Wetland Period 
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Figure C3-6. 
Concentration of THMFP Components during the 
1989-1990 Flooded Wetland Period 
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Figure C3-7. 
Concentration of Minerals during 
the 1990 Seasonal Storage Period 
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Figure C3-8. 
Concentration of Plant Nutrients during 
the 1990 Seasonal Storage Period 
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Figure C3-9. 
Concentration of TOC during the 
1990 Seasonal Storage Period 
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Figure C3-11. 
Relationship between Load, Depth, and Concentration 
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Figure C3-12. 
Concentration of Chloride during the 1992 
Wetland Vegetation Decay Experiment 
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Figure C3-13. 
Concentration of Bromide during the 1992 
Wetland Vegetation Decay Experiment 
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Figure C3-14. 
EC during the 1992 
Wetland Vegetation Decay Experiment 
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Figure C3-16. 
Concentration of DOC during the 1992 
Wetland Vegetation Decay Experiment 

50 
I I I I I 
I I I I I -- ----r-- ------ ----~--- -- -------~---------- --t------ ----- -t------

- 40 
~ e -= 30 _g ..... = J.o ..... 
= 

: : : : 3 : ----- -r--a-- --- -----~------------~--------- ---t- ---------- "t-- ----
I 4 I I I I 
I I ~ I I I ------i--- --------:------------:--r---------:---------4--:-3----
I I I I I 4 -- -- --f-- --- -- - - -4- -1---- --------1-------- - ---+ - ~--- - -- -- --+ - - ----
I I I I I 
I 3 I I ~ I I ----- -f- -----------1------------1----------- -+-- ----------+ ------

4 : : ~ : : : 
~ 20 CJ 

= = u 
10 

----3--~------- ----:------------:------------t------------t------
i 1 1 I I I 2 I ---t -:-i---- --2--:--2---- ---~--:--f------2-: -~---------:- ~ ----

______ L----------~-----------~-----------J ___________ J _____ _ 
5 I I I I I 

I I I 5 I I 

------~ -!t- --------:-------- -:;--:--s--------- -t-:;-------5- -t-5----

0 .I I I I I 

Feb 27 Mar 10 Mar 31 Apr 14 Apr 29 

~:~ ~:~ ~:~ ~:~ ~:~ 

Sampling Date 
1 Barrell 2 Barrel2 3 Barrel3 4 Barrel4 5 Control 

Figure C3-17. 
UV A during the 1992 
WetlandVegetation Decay Experiment 
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Figure C3-18. 
UV A/DOC Ratio during the 1992 Wetland 
Vegetation Decay Experiment 
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Figure C3-20. 
C-THM/DOC Ratio during the 1992 
W etlandV egetation Decay Experiment 
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Figure C3-22. 
Organic Content of Soil Samples from Holland Tract 
during the 1992 Soil Water Extraction Experiment 
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Figure C3-23. 
Concentration of DOC during the 1992 
Soil Water Extraction Experiment 
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Figure C3-24. 
UV A during the 1992 Soil 
Water Extraction Experiment 
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Figure C3-25. 
UV A/DOC Ratio during the 1992 
Soil Water Extraction Experiment 
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Figure C3-26. 
DOC/Soil Organic Carbon Index of Soil Samples from Holland 
Tract during the 1992 Soil Water Extraction Experiment 
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Figure C3-28. 
C-THMIDOC Ratio of Soil Samples from Holland Tract 
during the 1992 Soil Water Extraction Experiment 
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Figure C3-29. 
TDS Concentration and EC during the 1992 
Soil Water Extraction Experiment 
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Step 1: 

Step 2: 

Step 3: 

From measured DOC and chlorine dose, estimate the THM yield 
(the fraction of DOC that will become C-THM): 
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From calculated bromide (chloride* 0.0035) and estimated C-THM, 
estimate bromine saturation and bromine incorporation (n): 
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Bromine Saturation (Br-/C-THM * 20) 

9 

Estimate the THM molar weight and the distribution of THM species 
as a function of "n": 

THM (Molar Weight) = 119 + 44.5 * n 

10 

10 

CHCl3 = ( 1 - _Ln) 3 = 1 n + _Ln 2 -
3 1 3 

1 CHC12Br = 3 * ( 1 - 3D) 2 * 3n = n ..2.. n 2 
3 + j_ n 3 
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CHCillr2 = 3 * ( 1 ln) * ( ~ n) 2 = ~ n 2 - § n 3 
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CHBr3 = ( j n) 3 = l 0 3 
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Figure C3-30. DELTA WETLANDS 
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Figure C3-31. 
C-THM Yield from DOC in DWR MWQI Delta 
Channel Measurements for 1982-1991 
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Figure C3-32. 
Bromine Saturation of THM in DWR MWQI 
Delta Channel Measurements for 1982-1991 
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Figure C3-33. 
C-THM Yield from DOC in DWR MWQI Delta Agricultural 
Drainage Measurements for 1985-1991 
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Figure C3-34. 
Bromine Saturation of THM in DWR MWQI Delta Agricultural 
Drainage Measurements for 1985-1991 
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Figure C3-35. 
C-THM Yield from DOC in MWD 
SDS Assays of THM for 1991-1993 
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Figure C3-36. 
Bromine Saturation of THM in MWD 
SDS Assays of THM for 1991-1993 
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Appendix C4. DeltaDWQ: Delta Drainage Water Quality 
Model 

SUMMARY 

This appendix describes the Delta Drainage Water Quality model (DeltaDWQJ, which was developed for estimating 
monthly Delta agricultural island drainage and Delta export water quality. The model represents monthly water, salt, 
and dissolved organic carbon (DOC) budgets for agricultural islands in both the Delta lowlands and the Delta uplands. 
Delta export water quality is determined from approximate percentage source contributions and source water quality 
estimates. DeltaDWQ was used to analyze the effects of Delta Wetlands (DW) project discharges on Delta export water 
quality. This appendix summarizes DeltaDWQ estimates of electrical conductivity (EC) values and DOC concentrations 
in DW discharges and in Delta exports. 

INTRODUCTION 

The available Delta channel and agricultw-al drain­
age water quality data have been reviewed and evaluated 
in Appendices C 1, "Analysis of Delta Inflow and Export 
Water Quality Data"; C2, "Analysis of Delta Agricultw-al 
Drainage Water Quality Data"; and C3, "Water Quality 
Experiments on Potential Sources of Dissolved Organics 
and Trihalomethane Precursors for the Delta Wetlands 
Project". The data are not sufficient for estimating aver­
age Delta agricultw-al drainage volumes and EC or DOC 
concentrations. For impact assessment purposes, a water 
quality model of Delta drainage effects on Delta export 
concentrations of salt and DOC was required. The 
model, DeltaDWQ, was used to integrate and interpret 
the available water quality data and estimate likely effects 
ofDW project operations on Delta export salt and DOC 
concentrations. DeltaDWQ was used to estimate monthly 
Delta EC and DOC for the 25-year period of 1967-1991. 

Estimates of Island Discharge 
Water Quality 

DeltaDWQ simulates monthly patterns of Delta 
agricultw-al water management, soil salt buildup and 
leaching, and DOC loading. DeltaDWQ-estimated con­
centrations of salt and DOC in proposed DW project 
discharges were compared with estimated drainage con­
centrations under current agricultural practices on Delta 
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lowland islands. DeltaDWQ results were used to 
estimate effects of the proposed DW project discharges 
from the reservoir and habitat islands on the overall Delta 
water, salt, and DOC budgets. 

Effects on Delta Export 
Water Quality 

Patterns of Delta island drainage water quality esti­
mated with DeltaDWQ were then used to estimate likely 
effects on Delta export water quality. The movement of 
DW discharges and agricultw-al drainage to Delta export 
locations was determined from the results of hydro­
dynamic transport modeling performed by Resource 
Management Associates (RMA) with its Delta transport 
model. The RMA Delta transport model was used to 
simulate the movement of tracers from various inflow 
locations, including DW discharges and agricultw-al 
drainage, to Delta export locations at Rock Slough intake 
of Contra Costa Water District (CCWD), Banks Pumping 
Plant of the State Water Project (SWP), and Tracy Pump­
ing Plant of the Central Valley Project (CVP). The RMA 
Delta transport model results have been used in Delta­
DWQ to estimate the monthly average proportion of 
Delta exports that is discharged from the DW islands 
under DW project operations for each month of Delta 
inflow and export conditions. Estimates ofDW discharge 
contribution to export volume were then used to estimate 
possible changes in monthly average DOC concentrations 
in Delta exports that may be attributable to DW project 
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discharges, or the reduced agricultural drainage from the 
DW project islands. 

DESCRIPTION OF THE DELTA 
DRAINAGE WATER 
QUALITY MODEL 

The DeltaDWQ model simulates Delta agricultural 
island drainage water quality by simultaneously accoWlt­
ing for water, salt, and DOC budgets on agricultural 
Delta uplands and lowlands. Figure C4-1 shows the 
assumed water, salt, and DOC budget terms for Delta 
agricultural islands. The following sections describe the 
basic asswnptions for each of these mass-balance Delta­
DWQ modules and presents general results from Delta­
DWQ modeling. 

Delta Water Budget Terms 

De1taDWQ estimates water budgets for three types 
ofDelta landscapes. These types and their corresponding 
water budget terms are as follows: 

• Open-water, riparian, and urban acreage. 
Water budget terms include only evapotrans­
piration (ET) and rainfall; there are no soil 
moisture terms. 

• Delta upland agricultural island acreage. 
Water budget terms include ET, rainfall, soil 
moisture storage, applied irrigation water, and 
pwnped drainage water (all drainage is assumed 
to return to Delta channels without infiltration 
losses to regional grom1dwater recharge). Salt 
leaching is not included in the upland water 
budget terms because rainfall and irrigation 
drainage are sufficient to prevent salt buildup. 

• Delta lowland agricultural island acreage. 
Water budget terms include ET, rainfall, soil 
moisture storage, seepage, water applied for 
irrigation and for salt leaching, and pumped 
drainage water. 

Table C4-1 gives the average monthly water budget 
values for the open-water, riparian, and urban acreage. 
Table C4-2 gives average monthly values for the Delta 
upland region water budget. Table C4-3 gives average 
monthly values for the Delta lowland region water 
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budget. The monthly water budget terms in DeltaDWQ 
are specified as inches of water. 

Monthly rainfall is measured at several Delta 
locations and the estimated average is recorded in Cali­
fornia Department of Water Resource's (DWR's) DAY­
FLOW database. Monthly average ET rates for open 
water, uplands, and lowlands are estimated from pan 
evaporation data, crop acreage, and assumed crop ET 
rates. A repeating monthly evaporation pattern totaling 
55.4 inches per year was assumed for DeltaDWQ (Table 
C4-l ). Estimates of irrigation leaching fraction (the ratio 
of drainage water to applied water), lowland seepage 
rates, minimum and maximum monthly soil moisture 
depths, and monthly drainage depths for salt leaching are 
more difficult to obtain. Because few of the Delta water 
budget terms are measured directly, confrrmation of the 
assumed DeltaDWQ values is difficult. The model 
allows the Wlcertainty associated with these assumed 
water budget terms to be identified through sensitivity 
testing. The selected values for the DW impact assess­
ments are described in the following sections. 

Delta Consumptive Use 

Comparison ofDeltaDWQ estimates with those of 
other monthly water budget models of net consumptive 
use for the entire Delta cannot confrrm individual water 
budget term assumptions. Net channel depletion values 
for the Delta as a whole are bounded by total rainfall and 
grossET estimates, but net monthly water use patterns on 
Delta islands are modified by ·soil moisture storage 
changes and salt leaching practices, and the irrigation 
efficiency (ET/applied water) must be estimated indepen­
dently. 

Figure C4-2 shows simulated monthly net consump­
tive use, or "channel depletion", from the entire Delta for 
water years 1982-1991 from the DWR statewide opera­
tions model DWRSlM, the DWR Delta water budget 
database DA YFLOW, and DeltaDWQ. Figure C4-2 
indicates that the maximum monthly channel depletion 
estimated with DeltaDWQ is slightly (300 cfs) higher 
than the values provided by DA YFLOW and DWRSlM. 
The DeltaDWQ estimate of average annual Delta net 
consumptive use of 820 thousand acre-feet per year 
(TAF/yr) was close to the average used in DWRSlM 
(844 TAF/yr) and about 15% higher than the DAY­
FLOW value (702 TAF/yr) for the same period (1967-
1991). 

Net channel depletion (i.e., consumptive use) is the 
only Delta water budget term required as input for 
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monthly operations models (e.g., DWRSIM). Net 
channel depletion does not represent a complete Delta 
water budget because diversion and drainage terms are 
not specified. 

Cropland Evapotranspiration 

Tables C4-2 and C4-3 present monthly crop ET 
values assumed in DeltaDWQ for Delta uplands and 
lowlands that were obtained from the consumptive use 
model used by DWR for the Delta uplands and lowlands 
(DWR 1979). These ET values are the basis for Delta 
channel depletion estimates for summer months. Only 
irrigated portions of Delta uplands and lowlands con­
tribute to net channel depletion volumes~ idle or natural 
lands generally retain rainfall until ET losses deplete the 
soil moisture. In its consumptive use analysis, DWR uses 
estimates of about 50,000 acres of idle and natural land 
in the Delta uplands (26% of total) and about 54,000 
acres in the Delta lowlands (14% oftotal). 

Leaching Fraction 

A common estimate of irrigation efficiency is 70%~ 
thus, a leaching fraction of 30% is often assumed for 
estimating drainage vollime associated with irrigation 
water. Under this assumption, for each inch of water 
required for crop ET, 1.43 inches (1.0/0.7) of water 
would be applied as irrigation water, and 0.43 inch (30% 
of water applied) would leach and appear as drainage. 
DeltaDWQ asswnes this 30% leaching fraction for Delta 
uplands for all months with applied irrigation water 
(Table C4-2). The leaching fraction assumed in Delta­
DWQ for Delta lowlands is SO% because water use is 
generally higher on Delta lowland islands, reflecting the 
peat soils, irrigation methods, and crop types of the Delta 
lowlands. 

For the Delta lowlands, DeltaDWQ also assumes 
constant seepage from Delta channels of 1 inch per 
month (Table C4-3). Seepage is assumed to flow directly 
to drainage ditches and is therefore not used to satisfy 
crop ET. Delta lowlands also have a significant amount 
of salt leaching water applied and drained during winter 
to remove accumulated salts from the soil crop root zone. 
Applied leaching water was simulated in DeltaDWQ 
through specification of additional seepage (and drain­
age) depths during winter months. For December, 
January, and February, an additional2 inches of applied 
water per month (6 inches per year) were specified to 
approximate salt leaching water practices on the Delta 
lowland islands (Table C4-3). DeltaDWQ can be used to 
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detennine the sensitivity of water use to different assumed 
ET, irrigation efficiency, leaching, and seepage rates, but 
these water budget terms were assumed to remain con­
stant for DW impact assessment purposes. 

Soil Moisture Storage 

Because soil water (moisture) storage is difficult to 
estimate or measure, fairly simple assumptions are made 
in DeltaDWQ. These assumptions follow methods used 
in the DWR monthly consumptive use model of the Delta 
uplands and lowlands (DWR 1979). A minimum and 
maximum soil water storage depth is specified for each 
month. Rainfall increases soil water storage to the maxi­
mum specified depth before drainage occurs. Irrigation 
is required only if the soil water storage falls below the 
specified minimum storage depth. 

The DWR consumptive use model represents several 
crop types with separate minimum and maximum soil 
water storage depths (corresponding to the root zone 
depth of each crop type). DeltaDWQ uses a single mini­
mum and maximum soil water depth representing the 
average soil water depths of the irrigated crops for each 
month. The uplands and lowlands are modeled separately 
with different specified monthly soil water storage depths. 
Tables C4-2 and C4-3 give the assumed minimum and 
maximum monthly soil moisture storage depths for Delta 
uplands and Delta lowlands, respectively. 

DW Island Drainage Records 

The best available data for confrrming Delta agri­
cultural island water balance terms are records of drain­
age-pump power consumption. Power consumption is 
converted to flow volumes, using pump efficiency test 
results expressed as acre-feet per kilowatt-hour (aflkWh). 
Monthly pumping records for the four OW islands have 
been obtained for 1986-1991. Monthly pumping records 
are available beginning in 1986 for Bouldin Island, 
beginning in 1988 for Bacon Island, and beginning in 
1990 for Webb and Holland Tracts. 

Figure C4-3 compares DeltaDWQ estimates of Delta 
lowland drainage and measured pumping from the four 
lowland DW islands. Monthly pumping measurements 
from the four DW islands vary from 0 to 10 inches per 
month. Simulated pumping generally follows a double­
peak pattern, with high pumping in winter in response to 
excess rainfall and salt leaching practices, and high 
summer pumping in response to excess irrigation drain­
age. There is considerable variation in the measured 
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drainage between the four islands and from one year to 
the next. DeltaDWQ represents as assumed average 
lowland water budget that is required for incremental 
impact assessment of the DW project. The simulated 
drainage patterns are substantially different from some of 
the measured drainage patterns. Uncertainties in the 
estimated drainage volwnes will not change the impact 
assessment results. 

Simulated Drainage and Application Volumes 

DeltaDWQ simulated Delta lowland drainage 
averaged 42.4 inches per year, for an annual Delta 
lowland island drainage volwne of 1,210 TAF. Appro­
ximately one-half of annual lowlands island drainage 
occurs during the irrigation season, and the remainder 
occurs in winter following rainfall or salt leaching 
periods. Delta rainfall averaged 16.3 inches per year but 
varied from about 8 inches to 30 inches during 1967-
1991 (DA YFLOW). The corresponding applied water 
simulated by DeltaDWQ, including seepage and water 
applied for salt leaching, averaged about 57 inches, for a 
total volwneofl,632 TAF!yr. About 342 TAF/yr (1 inch 
per month) was assumed to be seepage, and the 
remainder of 1,290 T AF lyr was assumed to be diverted 
through unscreened siphons in the Delta lowlands. 

The lowland island drainage pattern simulated by 
DeltaDWQ most closely matches measured drainage 
pumping for Bouldin Island (Figure C4-3 ). Bacon Island 
drainage pwnping was similar to modeled drainage in 
winter, but measured drainage on Bacon Island during the 
irrigation season was much higher than simulated drain­
age, averaging 8 inches per month. High summer pwnp­
ing was apparently a result of the water management 
required for the row crops grown on Bacon Island soils. 
Drainage pwnping from Webb and Holland Tracts for 
1990 and 1991 was lower than simulated Delta lowlands 
drainage because of reduced agricultural irrigation during 
levee rehabilitation work and participation in the DWR 
emergency water bank program. 

Delta Salt Budget Terms 

Salt budget terms in DeltaDWQ are directly asso­
ciated with the water budget terms. Salt concentrations 
are represented by EC because this is the most common 
field measurement of salinity. Agricultural island soil · 
water EC values are lowered by rainfall and raised by 
water loss through ET. ET is the basic mechanism for 
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salt buildup in soil water and for increases in salt con­
centrations between applied water and drainage water. 

Seawater intrusion and other source water may 
increase salt concentrations in applied water and in­
fluence soil water and drainage salinity on agricultural 
islands. Because of different salinity conditions in Delta 
channels, DeltaDWQ separately represents salinity 
budgets for the Sacramento River and San Joaquin River 
regions ofboth the Delta uplands and lowlands. Channel 
water salinities in these four regions of the Delta are 
estimated separately. The water budgets are identical in 
the two uplands and two lowlands regions. 

Applied Water Salinity 

DeltaDWQ estimates applied water salinity (EC) for 
Delta uplands from Sacramento and San Joaquin River 
flow-EC regressions (power equations) and includes the 
effects of Delta outflow on seawater intrusion into the 
Sacramento and San Joaquin River lowlands with out­
flow-EC regressions (negative exponential equations). 
More accurate estimates of channel salinity can be 
obtained from a Delta hydraulic and salt transport model 
such as the RMA Delta transport model or the DWR 
Delta Simulation Model (DWRDSM) but may not be 
necessary for impact assessment of likely DW project 
operations on Delta export salinity. 

Historical monthly EC measurements were used to 
adjust the DeltaDWQ estimates of inflow salinity and 
seawater intrusion effects. Figure C4-4 shows the simu­
lated and measured monthly average EC values for the 
Sacramento River (Greene's Landing), the San Joaquin 
River (Vernalis), and Jersey Point. Simple flow regres­
sions are sufficiently reliable for an assessment model 
such as DeltaDWQ for evaluating relative differences 
between DW project alternatives. 

Salt Leaching Factors 

DeltaDWQ estimates salt concentrations (EC) of soil 
water by mass balancing separately for the Sacramento 
and San Joaquin regions of the Delta uplands and low­
lands. Mass balancing starts with the previous salt 
content of soil water plus the salt in the applied water 
minus the salt in the drainage water, assuming some 
monthly ratio between the drainage EC value and the soil 
water EC value. This monthly ratio is called the "leach­
ing factor" in DeltaDWQ. Monthly "leaching factors" are 
the only salt budget coefficients required by the Delta­
DWQ model. The leaching factor is an estimate of how 
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effectively the salt in the soil moisture is removed by the 
drainage water. 

The available drainage EC data indicate that the salt 
leaching factor is relatively high in winter, when rainfall 
and leaching water efficiently moves salt from the soil 
water to island drainage networks. The salt leaching 
factor generally decreases to relatively low values during 
the sununer irrigation season because most excess 
applied water goes directly to drainage water, bypassing 
the soil water in the crop root zone, and does not provide 
efficient salt leaching. 

The salt leaching factors used in DeltaDWQ were 
derived to match the seasonal patterns observed in 
drainage EC measurements from DW islands obtained as 
part of the DWR Mtmicipal Water Quality Investigations 
(MWQI) program (see Table C2-3 in Appendix C2, 
"Analysis of Delta Agricultural Drainage Water Quality 
Data"). Monthly salt leaching factors for the Delta 
uplands and lowlands are shown in Tables C4-2 and C4-
3. These fixed monthly values are only approximations; 
actual salt leaching will depend on the rainfall, soil mois­
ture salt storage, and irrigation practices (DWR 1994). 
The uncertainty in the assumed salt leaching factor will 
not change the impact assessment results but will change 
the simulated drainage EC patterns. 

Electrical Conductivity Measurements of DW Island 
Drainage 

Figure C4-5 shows periodic EC grab-sample mea­
surements from Webb Tract and Bouldin Island (from 
two drainage pumping plants on each island) for 1987-
1991 ·(see Appendix C2) compared with the monthly 
average drainage EC values simulated by DeltaDWQ for 
Delta lowlands in both the Sacramento and San Joaquin 
regions. The EC measurements show a seasonal pattern, 
with the highest EC values in drainage water during 
winter. Bouldin Island EC values were generally 0.2-0.4 
millisiemens per centimeter (mS/cm) in the sununer 
irrigation season, indicating very little increase above the 
EC values of water diverted onto the island in sununer. 
For Bouldin Island, winter EC values were generally 
several times higher than sununer values. The Bouldin 
Island measurements generally confirm the simulated 
pattern for Sacramento lowlands shown in Figure C4-5. 
The available drainage EC data for Webb Tract are 
higher than drainage EC data for Bouldin Island. 

Figure C4-5 also shows periodic EC grab-sample 
measurements from Bacon Island and Holland Tract 
(with two pumping plants on Bacon Island and three on 
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Holland Tract) during 1990 and 1991 (see Appendix 
C2). Reduced farming during levee rehabilitation and 
participation in the DWR emergency water bank program 
reduced drainage pwnping from these islands during both 
years with EC measurements. DeltaDWQ simulates 
average conditions for the overall San Joaquin region 
Delta lowlands. The EC measurements from Bacon 
Island and Holland Tract generally follow the basic 
simulated pattern for San Joaquin lowlands shown in 
Figure C4-5. Much more drainage EC data will be 
needed to confirm the simulated Delta lowland drainage 
ECpattems. 

Estimated Eledric:al Conductivity of Soil Water 

Confirmation of simulated soil-water EC values is 
difficult because relatively few measurements of soil­
water EC are available. Soil-water EC values simulated 
by DeltaDWQ for the Sacramento region of the Delta 
lowlands fluctuated from about 1 mS/cm to 3 mS/cm 
(Figure C4-6). Simulated soil-water EC values for the 
San Joaquin region of Delta lowlands fluctuated between 
about 1 mS/cm and 10 mS/cm (Figure C4-6). Most of 
the variation in soil-water EC is caused by dilution as the 
soil-water storage is increased by rainfall and leaching 
water. 

Several field observations are available to confirm 
the approximate magnitude ofDeltaDWQ simulations of 
soil-water EC. Saturated soil-water EC measurements 
from Holland Tract in 1992 were generally in the range 
ofO.S-5 mS/cm (see Table C3-7 in Appendix C3, "Water 
Quality Experiments on Potential Sources of Dissolved 
Organics and Trihalomethane Precursors for the Delta 
Wetlands Project"). In August 1989, 18 soil samples for 
Holland and Webb Tracts were analyzed for agricultural 
nutrients; 10 saturated soil extract samples from Holland 
Tract had EC values that averaged 7.9 mS/cm (range of 
2.8-21.0 mS/cm) and eight samples from Webb Tract had 
EC values that averaged 6.0 mS/cm (range of 2.5-7.8 
mS/cm) (Taylorpers. comm.). The model simulates soil­
water EC values of 3 mS/cm for Delta lowlands with 
Sacramento River source water, and 10 mS/cm for San 
Joaquin River source water (Figure C4-6). 

Delta Dissolved Organic Carbon 
Budget Terms 

DOC budget terms in DeltaDWQ for Delta uplands 
and lowlands are similar to the EC budget terms, with the 
addition of source terms representing residues of vege-
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tation decay and peat soil decomposition. Once released 
through vegetation decay or peat soil oxidation, DOC is 
asswned to be conservative and to accumulate like salt in 
the soil water of the crop root zone (see Appendix C2 for 
furtherdiscussionofDOC characteristics). Salt leaching 
factors used in the EC budget are also used in the DOC 
budget to account for leaching and drainage of accumu­
lated soil water DOC. 

Dissolved Organ.ic Carbon Sources 

Inflowing DOC concentrations are estimated using 
flow-DOC regressions for the Sacramento and San 
Joaquin Rivers that are similar to those for estimating 
inflowing EC. The only additional model coefficients 
required for the DOC budget are monthly DOC source 
terms for the Delta uplands and lowlands, and DOC 
source terms for DW reservoir islands and habitat 
islands. 

Monthly DOC source terms for agricultural opera­
tions and DW project operations on the two habitat 
islands and two reservoir islands have been estimated 
from the water quality experiments described in Appen­
dix C3. The annual load of DOC from Delta lowland 
islands was estimated from data presented in Appendix 
C3 to be approximately 12 glm2 (Table C4-3). The 
monthly distribution of DOC loading from Delta lowland 
agricultural islands was assumed to be uniform at 1 glm2

• 

The loading of DOC from Delta uplands was estimated 
from data presented in Appendix C3 to be considerably 
less than that from the Delta lowlands. The annual 
upland DOC loading is assumed to be 6 g/m2 with a 
uniform monthly distribution of 0.5 glm2 in DeltaDWQ 
(Table C4-2). 

For the habitat islands, DOC was assumed to be 
released from decaying vegetation in flooded wetlands at 
a uniform rate of 3 g/m2/month during the flooded wet­
land period of November through January, and to be 
released from peat soil leaching at a uniform rate of 1 
glm2/month for the remainder of the flooded period, 
giving a total assumed loading of 12 glm2/year (Table 
C4-4). -

For the DW reservoir islands, the source of DOC 
may depend on the sequence of water storage operations. 
If the islands are flooded, the peat soil oxidation will 
likely be lower than on Delta lowland agricultural islands 
because of expected moisture and temperature conditions. 
DeltaDWQ assumes 500/o of the lowland ·agricultural 
loading rate of 1.0 glm2/month. If the reservoir islands 
are dry, the monthly rate is equal to the assumed lowland 
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agricultw"al loading rate of 1.0 glm2/month. Wetland 
vegetation is simulated to grow during May-September. 
The additional loading of 8 glm2/year was assumed if 
vegetation was fully developed (dry conditions for 5 
months). 1be loading was assumed to be proportional to 
the number of dry months during the growing season. 

1be asswned total loading from dry wetlands would 
be 20 glm2/year, corresponding to the experimental 
results from the Holland Tract demonstration wetlands 
(Appendix C3). 1be vegetation loading of 8 g/m2 corres­
ponds to the results from the vegetation experiments 
(Appendix C3). The assumed loading from "wet" DW 
reservoir islands with no vegetative growth would be 
reduced to 6 glm2/year. 

Although these assumed DOC loading rates are 
somewhat uncertain for both lowland agricultural islands 
and the DW project islands, the magnitude of DOC load­
ing from lowland agricultural islands and the DW project 
islands is assumed to be approximately the same (each 
about 12 g/m2). 

The possible effects of DW project operations on 
DOC concentrations will depend on the estimated dis­
charge of DOC loading from the DW project islands 
compared with the agricultural drainage of DOC loading 
from the DW project islands under No-Project Alter­
native conditions. Because the entire Delta lowland 
region contributes DOC loading at about the same rate as 
the DW project islands, likely impacts result from the 
assumed seasonal shift in DOC loading from the DW 
project islands. The DeltaDWQ results for DOC will be 
described in the following sections. 

Dissolved Organic Carbon Concentrations in DW 
Island Drainage 

Figure C4-7 shows periodic grab-sample DOC 
measurements from drains on the four DW project islands 
(see Appendix C2 for other Delta drainage DOC mea­
surements) compared with monthly average DOC 
simulations of lowland agricultural DOC drainage con­
centrations from DeltaDWQ. Like EC, DOC concentra­
tions are generally lower during the summer irrigation 
period and are much greater during winter. The Delta­
DWQ simulated DOC concentration pattern for Delta 
lowlands agricultural islands appears consistent with the 
available data. DOC concentrations generally remained 
less than 20 mgll during the irrigation season but in­
creased to greater than 50 mgll during winter. Grab 
samples collected once per month may not correspond 
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well to average monthly concentrations that DeltaDWQ 
is estimating. 

Many of the measured DOC concentrations from 
Webb Tract and Bouldin Island (Figure C4-7) are greater 
than the DeltaDWQ-simulated values. However, the 
measurements from Bacon Island and Holland Tract 
(Figure C4-7) are considerably lower than the simulated 
values. DeltaDWQ simulates the average drainage con­
centration with average drainage volwnes for Delta low­
land islands. Increasing the assumed DOC loading may 
provide a better match with the measured Webb Tract 
and Bouldin Island DOC concentrations, but this would 
increase the simulated Delta export DOC concentrations 
above the measurements, as described in a later section 
of this appendix. These simulated Delta lowland agri­
cultural drainage DOC concentrations provide a reason­
able basis for impact assessment ofDW project effects on 
DOC concentrations in the Delta. 

Estimated SoU-Water Dissolved Organic Carbon 

Verification of the simulated soil-water DOC values 
is difficult because relatively few measurements of soil­
water DOC are available. Delta lowland soil-water DOC 
values simulated by DeltaDWQ fluctuated between about 
60 mg/1 and 180 mg/1 (Figure C4-8). Saturated soil­
water DOC IIle8SlU'eJilelts from Holland Tract (described 
in Appendix C3) were generally in the range of 50-250 
mg/1. Simulated soil-water DOC patterns are similar for 
the Sacramento and San Joaquin regions of the Delta 
lowlands because the applied water bas about the same 
DOC concentrations, and the loading from vegetation and 
peat soil decay is the major source for the soil-water 
DOC concentrations. 

Both EC values and DOC concentrations in the soil 
water increase as a result of ET, but DOC concentrations 
are also increased by the addition of DOC from vegeta­
tion and soil decomposition processes. Therefore, the 
ratio ofDOC to EC in the drainage water increases above 
that of the applied Delta channel water. Drainage DOC 
concentrations in excess of those calculated from the 
drainage water EC value and the applied water DOC/EC 
ratio can provide an indirect measure of the fraction of 
the drainage DOC originating in the Delta lowland island 
peat soil and vegetation decomposition processes. 

Figure C4-9 shows measured DOC concentrations 
plotted against measured EC values for the DW island 
drainage samples. The DOC/EC ratio of 0.01 (2 mg/1 
DOC: 200 mS/cm EC), which is the expected ratio based 
on Sacramento River DOC and EC data, is shown as a 
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line in Figure C4-9. The DOC/EC ratio for the San 
Joaquin River is approximately 0.005 (3 mg/1 DOC: 600 
mS/cm EC). DOC values above these lines are higher 
than expected (in the absence of an island source of 
DOC). The fraction of the DOC value above this line 
provides a rough estimate of the portion of the drainage 
DOC in that sample that originated on the island from 
decomposition sources. The portion of the DOC below 
the line can be explained by ET accwnulation and salt 
leaching practices, without an island source of DOC from 
vegetation decay and peat soil oxidation. 

DW DISCHARGE ELECTRICAL 
CONDUCTnnTYVALUESAND 

CONCENTRATIONS OF 
DISSOLVED ORGANIC CARBON 

The DeltaDWQ model estimated monthly average 
EC values and DOC concentrations in discharges from 
the proposed DW project using the results ofDeltaSOS 
simulations of the proposed DW project for 1967-1991 
(see Appendix A3). Monthly diversion, storage, and 
discharge volwnes for the reservoir islands simulated in 
DeltaSOS were used in DeltaDWQ to estimate EC and 
DOC concentrations in drainage from the reservoir 
islands. 

Under the proposed DW project, two of the DW 
islands would be managed for wildlife habitat. A portion 
of these habitat islands would be flooded to provide 
waterfowl habitat beginning in September and continuing 
through May. A specified volwne of water (1 T AF) is 
assumed to remain in borrow ponds and ditches through­
out the year. During the waterfowl habitat period, some 
water from the flooded wetlands (0.5 TAF) would be cir­
culated (discharged and diverted) each month. An 
asswned water budget for the habitat· islands is used in 
DeltaDWQ to estimate EC and DOC concentrations in 
drainage water from the specified acreage of habitat 
islands. The asswned water budget terms for the habitat 
islands are given in Table C4-4. 

Figure C4-1 0 shows the simulated monthly storage 
volwne for the DW reservoir islands for 1967-1991 for 
Alternative 2 (slightly greater average DW discharges 
than under Alternative 1). During some years, the reser­
voir islands were simulated to fill and empty more than 
once, while in other simulated years water was not avail­
able and the reservoir islands remained empty. In a few 
years, the reservoir islands were simulated to remain full 
for an extended period until pwnping capacity was avail­
able at the Delta export locations. Figure C4-1 0 shows 
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the simulated discharge flows corresponding to the 
storage patterns. DeltaDWQ asswnes that a specified 
minimum seepage flow of 30 cfs would circulate each 
month (2 inches/month), so that the buildup of DOC 
concentrations from the continuous loading would be 
limited during periods when the reservoir islands are 
empty. 

Figure C4-ll shows monthly DOC concentrations 
simulated by DeltaDWQ for DW habitat islands. The 
DeltaDWQ estimates ofDelta lowland agricultural drain­
age DOC concentrations are shown for comparison. 
Although the specified annual DOC loading is asswned 
to be the same for agricultural and habitat islands, the 
monthly patterns of DOC loading, drainage discharge, 
and resulting DOC concentrations are somewhat differ­
ent. 

Figure C4-ll also shows monthly DOC concen­
trations simulated by DeltaDWQ for the DW reservoir 
islands under Alternative 2. The annual DOC loading 
from flooded reservoir islands is assumed to be half that 
from agricultmal and habitat islands because the leaching 
of peat soil is expected to be less and vegetation will be 
greatly reduced. During periods when the reservoir 
islands would be empty, however, decay of vegetation is 
asswned to add 8 glm2 of DOC to the reservoir islands 
and greatly increase the DOC concentration in the small 
amount of circulating water. The reservoir island DOC 
concentrations would be reduced by filling ofDW storage 
water, so the possible effect on export concentrations 
would be limited The monthly pattern of discharge con­
centrations from the DW reservoir islands is therefore 
quite different from the pattern of agricultural drainage 
concentrations (Figure C4-7). 

The simulated annual loading from the DW reservoir · 
islands for Alternative 2 averaged 11.8 glm2 which was 
about the same as the asswned loading from agricultural 
drainage. These DeltaDWQ-simulated EC and DOC 
concentrations of discharges from the D W project habitat 
and reservoir islands cannot be directly confirmed be­
cause there are no measurements from existing habitat or 
reservoir islands in the Delta lowlands. The DeltaDWQ 
model can be used to determiite the sensitivity of the 
simulated discharge EC and DOC concentrations to the 
specified water budget, salt leaching factors, and DOC 
loading terms, but these were all assumed to remain 
constant for impact assessment purposes. Simulation of 
the 25-year period (water years 1967-1991) provides an 
indication of the range of possible discharge concen­
trations caused by variations in Delta hydrologic con­
ditions. Similarly, in the next section, the possible effects 
of DW operations on Delta export EC and DOC con-
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centrations are estimated for the range of Delta hydro­
logic conditions represented by the 1 96 7-1991 period. 

ESTIMATED ELECfRICAL CONDUCTIVITY 
AND CONCENTRATIONS OF 

DISSOLVED ORGANIC CARBON 
IN DELTA EXPORTS 

Water quality of Delta exports can be estimated 
using percentage contributions from each source of Delta 
water and estimated EC and DOC concentrations in the 
source water. Sources of Delta export water include the 
Sacramento and San Joaquin Rivers, Yolo Bypass and 
eastside rivers, tidal exchange (seawater intrusion), agri­
cultural drainage, and DW discharges. DeltaDWQ uses 
simplified estimates of the source contributions to cal­
culate expected EC values and DOC concentrations in 
Delta exports. 

Figme C4-12 shows the simplified Delta flow path­
ways asswned in DeltaDWQ. Sacramento River water 
flows through half the Delta uplands acreage, and some 
portion of the Sacramento River flow (determined by 
DeltaSOS model) enters the Delta lowlands through the 
Delta Cross Channel (DCC), Georgiana Slough, and 
Threemile Slough. San Joaquin River water flows 
through the other half of the Delta uplands and is 
exported directly or enters the Delta lowlands. Eastside 
streams enter the Delta lowlands directly. Tidal exchange 
(seawater intrusion) in the vicinity of Jersey Point 
increases EC in Delta lowland channels. 

DeltaDWQ assumes that each Delta export location 
has identical water quality, with water flowing from the 
Delta lowland channels with agricultural drainage and 
DW discharges added in. The RMA Delta transport 
model was used to provide more accurate estimates of 
agricultural drainage and DW discharge contributions to 
water at each of the export locations (CCWD, SWP, and 
CVP). The RMA Delta transport model uses the monthly 
Delta upland and lowland drainage volumes that are 
estimated with DeltaDWQ but accounts for actual 
discharge locations and monthly flow patterns within the 
Delta to calculate the percentage of agricultural drainage 
that is transported to each export location (see Appendix 
B 1, "Hydrodynamic Modeling Methods and Results for 
the Delta Wetlands Project"). The differences between 
the export locations was not considered substantial, so the 
DeltaDWQ assessment model was used. 

Figure C4-13 shows estimated EC values in Delta 
exports simulated by DeltaDWQ using historical inflows 
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without the proposed DW project for 1982-1991. 
Periods of high San Joaquin River inflows and seawater 
intrusion episodes cootribute to the highest simulated EC 
values in Delta exports. Observed EC values at the three 
export locations (see Appendix C2) are shown for com­
parison in Figure C4-13. The simulated export EC 
values generally are representative of measured EC at the 
three Delta export locations. 

Figure C4-14 shows the DeltaDWQ-simulated DOC 
concentrations in Delta exports, using historical inflows 
without the DW project for 1982-1991. The observed 
DOC concentrations at the three export locations (see 
Appendix C2) are shown for comparison. The simulated 
export DOC concentrations generally are representative 
of measured DOC at the three export locations. 

Figure C4-15 shows the measured and predicted 
Sacramento and San Joaquin River DOC concentrations 
for 1982-1991. Many months had measured DOC con­
centrations that were higher than the DeltaDWQ esti­
mates for both the Sacramento and San Joaquin Rivers. 
During these months, the expected Delta export DOC 
concentrations may actually be higher than the simulated 
concentrations. 

Simulated Delta export DOC concentrations are 
often higher than the measured DOC at the three export 
locations, suggesting that the assumed DOC loading from 
Delta agricultural drainage or the inflow DOC estimates 
are too high in DeltaDWQ. However, the estimated 
inflow DOC concentrations are often lower than mea­
sured and the specified upland DOC load of 6 g/m2/year 
and the specified lowland DOC load of 12 g/m 2/year are 
relatively low compared with estimates from available 
field data described in Appendix C3, "Water Quality 
Experiments on Potential Sources of Dissolved Organics 
and Trihalomethane Precursors for the Delta Wetlands 
Project". Although there are remaining uncertainties in 
simulating Delta drainage water quality, the DeltaDWQ 
simulations of export EC and DOC concentrations are 
determined to be adequate for impact assessment ofDW 
project operations. 

Figure C4-16 shows DeltaDWQ monthly simula­
tions of DOC at the export locations with Alternative 2 
operations. The difference in DOC concentration in 
Delta exports from the No-Project Alternative is also 
shown. The maximlUll increase in DOC predicted during 
months ofDW storage discharges is about 1.0 mg/1, and 
simulated OW operations reduced Delta export DOC 
concentrations during most months. The simulated 
export DOC concentrations without any Delta agricul­
tural drainage are shown for comparison. Simulated 
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DOC without Delta agricultural drainage averaged 2.75 
mg/1 for the 1967-1991 period. Delta export DOC with 
Delta agricultural drainage but without OW operations 
averaged 4.06 mg/1. Delta export DOC with DW opera­
tions averaged 4.00 mgll. Estimated DOC concentrations 
in Delta exports constitute the primary input required for 
the water treatment plant simulation model, described in 
Appendix CS, "Modeling of Trihalomethane Concen­
trations at a Typical Water Treatment Plant Using Delta 
Export Water". 
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Table C4-1. Monthly Water Budget Terms for Delta 
Open-Water, Riparian, and Urban Acreage 

Month 

October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 

Annual 

Notes: Acreages by landform category: 

Open water= 54,000 acres 
Riparian = 9, 000 acres 
Urban (rain only)= 26,200 acres. 

Water 
Evapotranspiration• 

(inches) 

3.7 
1.7 
0.9 
1.0 
1.9 
3.4 
5.1 
6.9 
7.9 
9.0 
8.0 
5.9 

55.4 

a Davis Evaporation Pan (adjusted for open water) monthly averages. 

b Historical monthly rainfall values from DA YFLOW. 

Rainb 
(inches) 

0.8 
2.2 
2.6 
3.2 
2.5 
2.7 
1.2 
0.4 
0.1 
0.1 
0.1 
0.4 

16.3 



Table C4-2. Monthly Water, Salt, and DOC Budget 
Terms for the Delta Uplands 

Minirnwn Maxirnwn Leaching 
Asswned Soil Soil Factor 

Crop Moisture Moisture (drainage DOC 
ET Leaching Depth Depth EC/soil Load 

Month (inches) Fraction (inches) (inches) waterEC) (g/m2) 

October 1.8 0.30 2 4 0.2 0.5 
November 1.2 0.30 2 4 0.3 0.5 
December 0.6 0.30 2 4 0.4 0.5 
January 0.7 0.30 2 4 0.5 0.5 
February 1.5 0.30 2 4 0.4 0.5 
March 2.1 0.30 2 4 0.3 0.5 
April 2.7 0.30 2 4 0.2 0.5 
May 4.1 0.30 2 4 0.1 0.5 
June 5.6 0.30 2 4 0.1 0.5 
July 6.9 0.30 2 4 0.1 0.5 
August 5.4 0.30 2 4 0.1 0.5 
September 3.3 0.30 2 4 0.1 0.5 

Total 6.0 

Notes: Irrigated 142,500 acres 
Idle and natural 49,900 acres (26%) 
Total 192,400 acres 



Table C4-3. Monthly Water, Salt, and DOC Budget 
T enns for the Delta Lowlands 

Minimwn Maximwn Seepage Leaching 
Asswned Soil Soil and Factor 

Crop Moisture Moisture Leaching (drainage DOC 
ET Leaching Depth Depth Applied EC/soil Load 

Month (inches) Fraction (inches) (inches) (inches) waterEC) (g!m2) 

October 1.4 0.50 4 8 1.0 0.2 1.0 
November l.l 0.50 4 8 1.0 0.3 1.0 
December 0.6 0.50 4 8 3.0 0.4 1.0 
January 0.7 0.50 4 8 3.0 0.5 1.0 
February 1.5 0.50 4 8 3.0 0.4 1.0 
March 2.1 0.50 4 8 1.0 0.3 1.0 
April 2.7 0.50 4 8 1.0 0.2 1.0 
May 3.8 0.50 4 8 1.0 0.1 1.0 
June 4.9 0.50 4 8 1.0 0.1 1.0 
July 5.8 0.50 4 8 1.0 0.1 1.0 
August 4.3 0.50 4 8 1.0 0.1 1.0 
September 2.3 0.50 4 8 _LQ 0.1 _LQ 

Total 18.0 12.0 

/ Notes: Acreages by land use category: r, 
\, 

Lowlands Total 
DWProject 

Irrigated 342,400 17,000 
Idle and natural 54.200 (14%) 3.000 (15%) 

Total 396,600 20,000 



Table C4-4. Monthly Water and DOC Budget Tenns 
for the DW Reservoir and Habitat Islands 

Reservoir Islands 
Habitat Islands 

Vegetation Peat 
DOC DOC Active DOC 
Load Load" Storageb Diversion• Discharge• Load 

Month (g/m2) (g!m2) (TAF) (TAF) (TAF) (g/m2) 

October 2.0 1.0 2.0 1.4 0.6 1.0 
November 2.0 1.0 3.4 2.4 1.0 3.0 
December 2.0 1.0 5.0 3.3 1.7 3.0 
January 2.0 1.0 4.5 2.0 2.5 3.0 
February 0.0 1.0 4.3 2.0 2.2 1.0 
March 0.0 1.0 1.4 0.0 2.9 1.0 
April 0.0 1.0 0.5 0.0 0.9 0.0 
May 0.0 1.0 0.0 0.0 0.5 0.0 
June 0.0 1.0 0.0 0.0 0.0 0.0 
July 0.0 l.O 0.0 0.0 0.0 0.0 
August 0.0 l.O 0.0 0.0 0.0 0.0 
September 0.0 __LQ 1.2 1.2 0.0 0.0 

Total 8.0 12.0 12.0 

Note: Minimum circulation flow of30 cfs (1.8 TAF) on reservoir islands. 

• Assuming dry conditions~ 0.5 g/m2 assumed for flooded periods because oflower oxidation rates. 

b Based on the HMP for Holland and Bouldin Islands. Minimum storage of l T AF includes wetlands and ponds. 

• Rainfall would be added to discharge or subtracted from diversion. 
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Appendix C5. Modeling Trihalomethane Concentrations at a 
Typical Water Treatment Plant Using Delta 
Export Water 

SUMMARY 

This appendix describes the modeling peiformed to estimate Delta Wetlands (DW) project effects on Delta export 
water used as influent to a typical water treatment plant. The selected impact assessment model was developed by 
Malcolm Pimie, Inc. (Malcolm Pirnie),for the U.S. Environmental Protection Agency (EPA) to simulate trihalomethane 
(FHM) concentrations in water that has been treated at water treatment plants. The EPA water treatment plant (Wl'P) 
model was confirmed with available measurements from the Penitencia Water Treatment Plant, operated by Santa Clara 
Valley Water District Export water quality for the No-Project Alternative and the DW project alternatives simulated with 
the Delta Drainage Water Quality model (DeltaDWQJ was used as input for the EPA WFP model to evaluate the lila!ly 
changes in THM resulting from DW project operations. The analysis estimates changes in THM concentrations at a 
representative water treatment plant that could result from changes in concentrations of dissolved organic carbon (DOC) 
and bromide (Br) in Delta export water attributable to operations under each DW project alternative. The appendix 
describes the model formulation, presents confirmation of model results, and presents results of water quality simulations 
for the No-Project Alternative and each of the DW project alternatives. 

INTRODUCfiON 

11-IMs, produced during the primary disinfection of 
water by chlorination, are considered a human health risk 
by EPA and are subject to federal drinking water 
standards. EPA has established a maximwn contaminant 
level (MCL) of 100 micrograms per liter 0,lgll) for total 
~in drinking water, this standard is under review by 
EPA and may be reduced to 80 J.J.g/1 or less. 

Among the constituents of raw water that are treated 
in the disinfection process are DOC and Br·, both of 
which may be increased in Delta exports by operation of 
the proposed DW project. DW project water may be 
diverted for municipal use from the Delta at the Rock 
Slough intake of Contra Costa Water District (CCWD) or 
exported at Banks Pumping Plant of the State Water 
Project (SWP) or Tracy Pwnping Plant of the Central 
Valley Project (CVP)~ this water may subsequently be 
treated for domestic conswnption at municipal water 
treatment plants. The DW project may therefore con­
tribute to increasing the concentration of THMs in water 
used for domestic consumption by increasing the concen-

Della Wetlands Draft EJRIEIS 
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trations of DOC and Br· in Delta water that may be 
exported and subsequently treated for domestic use. 

This appendix describes modeling of relationships 
between DOC and Br· in Delta export water used as raw 
water influent to a typical water treatment plant and THM 
concentrations in treated water produced by the plant. 
The modeling was performed to support assessment of 
OW project effects on treated mtmicipal water quality and 
compliance of treated drinking water with the current 
EPA drinking water standard for THMs. 

The analysis estimated the incremental changes in 
THM concentrations at a representative water treatment 
plant that could result from changes in DOC and Br· 
concentrations in Delta export water attributable to 
operations under each DW project alternative. Increases 
in the frequency, magnitude, or duration of exceedances 
of the current EPA standard were estimated for each DW 
project alternative. 

This assessment of treatment plant effects was 
suggested by California Department of Water Resources 
(DWR), Metropolitan Water District of Southern 

Appendix C5. Modeling Trihalomethane Concentrations at a 
Typical Water Treatment Plant Using Delta Export Water 

September 1995 



Califmria (MWD), and CCWD staff members during the 
peer review process for the 1990 draft environmental 
impact report/environmental impact statement (EIRIEIS) 
on the DW project as the most complete method for 
analyzing potential drinking water impacts ofDW project 
discharges. 

Background 

Data on contributions of salt and DOC from DW 
project operations to salt and DOC levels in Delta 
exports were derived through the use of the Delta Drain­
age Water Quality model (DeltaDWQ), which is de­
scribed in Appendix C4, "DeltaDWQ: Delta Drainage 
Warer Quality Model". Jones & Stokes Associates (JSA) 
developed DeltaDWQ to simulate relationships between 
water management on Delta islands and salt and DOC 
concentrations in discharges from the islands to Delta 
channels. 

JSA used results from DeltaDWQ to determine 
relationships between assumed DOC loading on the DW 
project islands and levels of DOC in Delta exports (see 
Appendix C4 ). DOC levels in Delta exports under the 
No-Project Alternative and the DW project alternatives 
were compared. The results of this comparison are 
presented in Chapter JC, "Water Quality". 

As described in the following sections, possible 
impacts of changes in DOC concentrations in Delta 
exports {representative of CCWD diversions and SWP 
and CVP exports) w:ere then assessed through simulation 
of expected THM concentrations at a typical water treat­
ment plant using chlorination for primary disinfection. 

Objectives of Modeling 

JSA contracted with Malcolm Pirnie, Inc. (Malcolm 
Pimie) to adapt the EPA Water Treatment Plant (WTP) 
model to a typical water treatment plant using Delta 
export water. The WTP model had been developed by 
Malcolm Pirnie for nationwide use by EPA. 

Malcolm Pirnie's subcontract with JSA had three 
specific objectives: 

• to confirm the accuracy of WTP model simu­
lations of THM production using data from a 
typical conventional water treatment plant that 
uses Delta export water as influent, 
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• to modifY the WTP model to accept 25-year 
data sets of monthly Br·, DOC, and other esti­
mated warer quality variables for Delta exports, 
and 

• to apply the WTP model to several data sets 
representing Delta export water quality to test 
the sensitivity of the model to changes in the 
input variables (e.g., DOC, Br, and temper­
ature). 

JSA used the modified model to assess impacts of 
Br" and DOC concentration changes in Delta exports on 
THM levels for each of the DW project alternatives. 

Organization of the Appendix 

This appendix is organized into the following 
sections: 

• description of the WTP model developed by 
Malcolm Pirnie, 

• confirmation of the WTP model results for a 
typical warer treatment plant using Delta export 
water, and 

• application of the model to a 25-year estimate 
of Delta export water quality for each DW 
project alternative. 

DESCRIPTION OF THE WTP 
SIMULATION MODEL 

This section presents a general overview of the WTP 
simulation model for THMs. Malcolm Pirnie prepared a 
report for JSA that provides greater detail on model back­
ground, predictive equations, and algorithms (Malcolm 
Pirnie 1992). 

Model Development 

The WTP simulation model was developed for EPA 
to support analyses of alternative combinations of the 
Smface Warer Treatment Rule (SWTR) and a new Disin­
fection By-Products (DBP) Rule (EPA 1992). The 
SWTR specifies minimum levels of disinfection to 
protect against human exposure to pathogens. Increased 
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disinfection may result in higher concentrations ofDBP. 
The new DBP rule may contain more stringent limits for 
municipal water suppliers. The WTP model was devel­
oped to assist water utilities in analyzing various treat­
ment options f<r meeting the requirements of these rules. 

The primary purpose of the WTP model is to jointly 
simulate DBP formation and disinfection levels in water 
treatment plants and distribution systems based on speci­
fied raw water quality, treatment process characteristics, 
and treatment chemical dosages. The model predicts 
1HM fonnatioo based on data collected nationwide from 
various water treatment plants and experimental data on 
the kinetics of THM formation. 

Buic Model Formulations 

The WTP simulation model is based on a series of 
predictive regression equations that were developed 
through several previous studies. Figure C5-l is a con­
ceptual diagram of the various components of the WTP 
model. 

Foc a treatment plant to be simulated, treatment pro­
cess characteristics specific to the plant being modeled 
must be specified. These characteristics include hydraul­
ic detention times, treatment chemical dosages, and target 
disinfection residuals. Raw water quality variables 
(DOC; ultraviolet [254-nm] light absorption [cm"1

], 

referred to as UV A; pH; temperature; Br ·; alkalinity; 
calcium hardness; ammonia; and turbidity) must also be 
specified. DOC and UV A are described in Appendix C3, 
"Water Quality Experiments on Potential Sources of 
Dissolved Organics and Trihalomethane Precursors for 
the Delta Wetlands Project". 

The major output from the WTP model is an esti­
mate ofTIIM levels resulting from use of existing or pro­
posed treatment technologies. The model reports values 
for the following variables after each of the treatment 
plant processes: 

• THM precursors (DOC and UV A), 

• disinfectant residuals (chlorine), 

• THM concentrations, and 

• proportion of required disinfection contact time 
achieved (based on concentration-time [CT] 
values specified in the EPA SWTR guidance 
manual). 
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The model consists of a series of subroutines that 
simulate removal of organic THM precursor compounds 
and adjustments of pH that occur as chemicals are added. 
When free chlorine is added. subroutines for estimating 
chlocinedfmand, chlorine decay, and THM formation are 
invoked. These subroutines proceed until the treatment 
processes and disinfectant dosage sequence are com­
pleted. A more detailed description of the operation of 
the WTP program is provided in the EPA program user's 
manual (EPA 1992). 

The <riginal WTP program is operated interactively, 
specifying inputs through screen prompts. For the DW 
impact assessment, however, the model was repro­
grammed to pennit prediction of THM formation for 300 
moothly water quality conditions (i.e., 12 months per year 
for the 25-year period) using a specified treatment 
process train, DOC removal target, and chlorine residual 
targets. 

The model predicts total THM concentration and 
then determines the concentrations of different types of 
THM molecules by estimating relative concentrations 
from separate regression equations for each of the four 
types ofTIIM molecules (chloroform [CHC13], dichloro­
bromomethane [CHCl:zBr], dibromochloromethane 
[CHClBr:zl, and bromoform [CHBr3 ]). All of the mul­
tiple-logarithmic regressions are similar but vary in the 
coefficient values for the independent variables. For 
example, the total THM equation is as follows: 

THM(ug/1)=0.3254 • DOC0
·
44 

• UVN.351 
• Cl2°·409 

• hours0
·
265 

• Temp .. 06 
• {pH-2.6)0

·
715 

The magnitude of the coefficient for each inde­
pendent variable indicates the degree to which 1HM 
concentrations will respond to a change in that variable 
when other conditions remain the same. For example, a 
temperature change from 1 ooc to 25 oc will increase 
THM by a factor of 2.6. Doubling DOC from 3 milli­
grams per liter (mgll) to 6 mg/1 will also double the UV A 
value because the two variables are linearly related (see 
"Raw Water Quality", below); this combination of DOC 
and UV A changes will increase THM by about 7 5%. 

Higher DOC levels may require higher chlorine 
doses. Increasing the chlorine dose from 2 mg/1 to 3 mg/1 
will increase THM by about 20%. According to the 
THM regression equation used in the model, increasing 
Br· from 0.2 mg/1 to 0.4 mg/1 will increase THM by about 
10%. 
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CONFIRMATION OF TilE W1P 
SIMULATION MODEL 

RESULTS 

Malcolm Pimie selected the Penitencia Water Treat­
ment Plant. operated by the Santa Clara Valley Water 
District. to repn:sent a typical plant that uses chlorine for 
primary disinfection of water exported from the Delta. 
This section describes the Penitencia Water Treatment 
Plant and the data from the plant used to confirm WTP 
simulation model predictions (Malcolm Pimie 1992). 

Penitencia Water Treatment Plant 

Delta exports are supplied to the Penitencia Water 
Treatment Plant through the South Bay Aqueduct and Del 
Valle Reservoir. Monthly measurements of raw water 
quality from January 1991 to August 1992 indicated 
moderate to high levels of DOC (3.0-6.7 mg/1) and Br'" 
(0.1-0.56 mgll) in raw water from the Delta and relatively 
high levels of alkalinity and hardness because of drought 
conditions. Raw water during this period, therefore, had 
DOC and Br· concentrations that were higher than 
normal. 

General Description of the Penitencia Water Treat­
ment Plant Process 

The Penitencia Water Treatment Plant has a design 
capacity. of 42 million gallons per day (mgd) and an 
average production of 25 mgd. Between January 1991 
and August 1992, flows fluctuated seasonally from 20 
mgd to 40 mgd. Figure CS-2 shows a schematic diagram 
of the Penitencia Water Treatment Plant process. The 
treatment process consists of conventional alum coagula­
tion with flocculation, sedimentation, and dual-media 
filtration. The simulated alum dosage, required to match 
the effluent DOC concentrations, averaged 36 mg/1 with 
a range of25-52 mg/1 (actual daily alum dosage was not 
recorded). 

Highest TIIM coocentrations are generally produced 
by conventional chlorination. Chlorine can be added at 
various points in the water treatment process for a variety 
of purposes. The term "prechlorination" refers to the 
addition of chlorine to raw water at the initial treatment 
stage, typically before flocculation and sedimentation 
occur. Chlorine (ClJ is also added before- the water is 
filtered Chl<Xine or chloramine (chlorine and ammonia) 
can also be added at the end of the treatment process to 
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provide a "chlorine residual" in the distribution system; 
this process is commonly referred to as "postchlorina­
tion •. Chlorine residual is maintained to provide disin­
fection while the water is transported through the distri­
bution system. 

At the Peoiteocia Water Treatment Plant. chlorine is 
used fc:r primmy disinfectioo and anunonia is added to the 
filtered water fc:r dJknmine secondary disinfection in the 
delivery system During the period of record obtained by 
Malcolm Pimie from the Penitencia Water Treatment 
Plant, raw water was prechlorinated at an average dosage 
of2.75 mg/1, producing a settled water chlorine residual 
of 0.65 mg/1 (actual daily chlorine dosage was not 
recorded). Chl<Xine was also applied to the settled water 
at a dosage of approximately 1 mg/1, producing a filtered 
water chlorine residual of about 1.5 mg/1. Ammonia was 
added to the filtered water at an average dosage of 0.5 
mgll before it reached the finished water reservoir. Small 
amounts of chlorine were also added as a "trimming 
dosage" to maintain a combined chlorine residual of 1.5 
mg/1 at the end of the distribution system. 

The theoretical detention times for the various 
processes as a function of water treatment plant flow are 
summarized in Figure CS-2. Under average flow condi­
tions (25 mgd) at the Penitencia Water Treatment Plant. 
the theoretical detention times for flocculation-sCdi­
mentatioo basins, filters, and fmished water reservoir are 
approximately 140, 20, and 170 minutes, respectively. 

Raw Water Quality 

To confirm the WTP model results, Malcolm Pimie 
used average monthly values for observed water quality 
data from the Penitencia Water Treatment Plant for 17 
months between January 1991 and August 1992. These 
data are given in Table CS-1. Both water quality and 
plant flows varied significantly during this period. 
Following are the average values for selected raw water 
quality variables for the period of record: 

• DOC = 4.6 mg/1, 
• pH=7.9, 
• turbidity= 10.1 NTU, 
• temperature = 17.1 oc, 
• alkalinity = 82 mg/1, 
• calcium hardness = 57 mg/1 as CaC03, 

• total hardness = 122 mg/1 as CaC03, 

• ammonia nitrogen= 0.05 mg/1 as N, 
• chloride (Cl") = 107 mg/1, and 
• Br· = 0.34 mg/1. 
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Although the WIP model uses UV A in its predictive 
equations, the Penitencia Water Treabnent Plant does not 
routinely monitor UV A in the raw water. MWD and 
Malcohn Pirnie ( 1991) found raw water UV A and DOC 
concentrations to be strongly correlated (r = 0.%) in a 
study of SWP water (Figure CS-3): 

UV A ( em"1
) = -0.0215 + 0.0382 • DOC (mg/1) 

Using this correlation with the confirmation data, 
mw water UVA at the Penitencia Water Treabnent Plant 
was estimated to average 0.156 em·• over the period of 
record. 

Model Accuracy and Performance 

JSA tested the ability of the WTP model to accur­
ately simulate water treatment plant operations, finished 
water quality, and TIIM concentrations by comparing 
WIP model results with monthly measurements collected 
from January 1991 to August 1992 at the Penitencia 
Water Treatment Plant. These comparisons are given in 
Table CS-1. Each set of values for influent and effiuent 
variables was simulated using a separate run of the 
model, with the assumed alum and chlorine dosages 
adjusted to match the effiuent DOC and chloramine resi­
duals. Unfortunately, actual alum and chlorine dosages 
and settled chlorine residual for each sample were not 
recorded at the Penitencia Water Treabnent Plant. 

Dissolved Organic Carbon and pH 

Figure CS-4 shows measured and predicted DOC 
and pH values at the Penitencia Water Treabnent Plant 
for the period of record. Measured influent DOC ranged 
from 3.0 mg/1 to 6.7 mg/1. Percentage DOC removal is 
shown indirectly in Figure CS-4 as the difference between 
the measured influent raw water DOC concentration and 
the measured effiuent DOC concentration. The model 
accurately simulated DOC removal because the alum 
dosage was adjusted in the WTP model to achieve the 
observed DOC removatfor each sample date. Simulated 
ahun doses ranged from 25 mg/1 to 52 mg/1 and averaged 
approximately 35 mg/1. 

Measm-ed and predicted pH of effiuent were similar. 
'These comparisons suggest that the model simulated the 
physical-chemical treatment processes used at the 
Penitencia Water Treatment Plant fairly well. 
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Chlorine Doles and Residuals 

Figure CS-5 shows simulated and measured chlorine 
residual concentrations. Chlorine doses varied according 
to inflow DOC concentrations, with higher doses re­
quired for waters higher in DOC. Higher chlorine doses 
during prechlorination produce more THM molecules. 
Chlorine doses simulated for the treabnent process before 
alum coagulation varied from 1.6 mg/1 to 3.4 mg/1. 

Measured chlorine residuals in filtered water 
averaged about 1.5 mg/1, with a minimum concentration 
of 1.3 mg/1 and a maximum of 2.1 mg/1. The model 
overpredicted the settled water chlorine residual con­
centrations, with a mean of 1. 9 mg/1 for predicted 
residuals, suggesting that the estimated prechlorination 
dosages used by Malcohn Pirnie may be high. 

The general relationships between DOC, chlorina­
tion dose, and resulting C-TIIM (the carbon fraction of 
THM molecules) used to calculate THM concentration 
described in Appendix C3, "Water Quality Experiments 
on Potential Sources of Dissolved Organics and THM 
Precursors for the Delta Wetlands Project", suggest that 
the chlorine dose has a very important effect on THM 
concentration. Unfortunately, chlorine dose was not re­
ported in the Penitencia Water Treabnent Plant data 
(chlorine residual is the more important plant operation 
variable). 

Table CS-1 gives the measured yield of C-THM 
from DOC as a percentage. The Penitencia Water Treat­
ment Plant samples had a C-TIIM yield of approximately 
0.07%-0.1 SOlo of the DOC (avemge of0.12% ). The yield 
of C-THM simulated by the WTP model was 0.09% of 
DOC, lower than the measured average. 

Because these measured yields of C-THM from 
DOC are lower than data used to develop the "half-satur­
ation" relationship between C-THM and the chlorination­
to-DOC ratio (Cl/DOC) and because the Cl:ziDOC value 
was not calculated, there is some uncertainty regarding 
the general relationship of these low Cl:ziDOC dose 
values. The equation for C-THM given in Appendix C3, 
with a maximum yield of 2% and a half saturation of 5 
Cl/I)OC, suggests that the Cl:ziDOC dose value for a C­
THM yield of0.12% would have been only about 0.3. 
Typical Cl:ziDOC dose values in treabnent plants are in 
the range of0.5 to 1.0 and the WIP-simulated dose ratios 
were in this range. The C-TIIM yield estimates for the 
Penitencia Water Treatment Plant samples can be 
reconciled if the half-saturation value for the Cl:ziDOC 
dose value is higher than 5. If the half-saturation value is 
10, then the estimated Cl:ziDOC dose value to produce a 
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0.12% yield of C-THM would be 0.6. If this adjustment 
is made, these Penitencia data are consistent with the 
other THM data analyzed in Appendix C3. 

Trihalometbane Concentrations 

Figure CS-6 shows measured and predicted total 
THM concentrations in treated water at the Penitencia 
Warer Treatment Plant Measured THM concentrations 
averaged 72 ~gil. whereas the predicted THM concen­
trations averaged 50 ~gil. Deviations in THM values in 
some months may be caused by the model's relative 
insensitivity to raw water Br· concentrations. The 
regression equation used in the WTP model to predict 
THM was developed from source waters that were 
generally lower in Br· concentrations than water from the 
Delta. 

Figure CS-7 shows simulated and measured con­
centrations ofC-TIIM, Cl-TIIM. and Br-THM, which are 
the carbon, chlorine, and bromine portions of the THM 
molecules, respectively. Comparison of measured and 
predicted data indicates that the model is able to predict 
C-TIIM and Cl-TIIM concentrations but that its ability to 
predict the Br-THM portion is relatively poorer. 

Figure CS-8 shows the measured influent Br· con­
centrations and the measured and simulated bromine 
incorporation factor, defined as the moles of bromine 
incorporated per mole ofTIIM, with a maximum value of 
3 for pure bromoform (Hutton and Chung 1994). Br· 
concentration in raw water ranged from 0.1 mg/1 to 0.55 
mg/1. The measured bn:mine incorporation factor ranged 
from 0.25 to 1.75, and simulated incorporation generally 
followed the pattern of measured incorporation. Bromine 
incorporation is generally greater with increased Br· 
concentration but is reduced when DOC concentrations 
and required prechlorination doses are higher, as for the 
April 1991 sample. 

Malcolm Pirnie has recently completed a JOmt 
project with MWD and its member agencies to collect 
additional data and improve the Br-THM regression 
equations used in the WTP mOdel (MWD 1994 ). With 
the new equations, the model simulates substantially 
higher Br-TIIM concentrations for raw water Br· concen­
trations in the range of 0.1-1.0 mg/1. These recent model 
improvements are not expected to change the impact 
assessment results shown in this appendix. 

Both the measured Br· incorporation values and 
those simulated with the WTP model are consistent with 
the general relationship between the Br· saturation ratio 
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(Br"/C-11JM) and bmnine incorporation (n) described in 
Appendix C3. This suggests that the general relationship 
between Br· and Br-THM could be used as a reliable 
assessment method for estimating effects of Br· con­
centrations on THM concentrations. This general rela­
tiooship explains why bromine incorporation is so much 
greater in THM in treated drinking water than it is in 
DWR's TilMFP assays or MWD's simulated distribution 
system (SDS) measurements (because the bromine 
saturation ofTHM sites is greater). 

Some of the largest differences between measured 
and simulated TIIM concentrations were found for winter 
months, when water temperatures were low. In contrast, 
THM predictions were generally better during summer 
when water temperatures were higher. Ambient water 
temperature is a strong predictor variable in the regres­
sion equation used for THM formation, with the rate of 
TIIM formation increasing with increases in temperature. 
The model equation may, however, be oversensitive to 
the temperature effect. Although some uncertainties in 
the Penitencia Water Treatment Plant data and simu­
lations results were identified, the EPA WTP model was 
determined to be adequate for impact assessment pur­
poses. 

APPUCATION OF THE WTP 
MODEL TO DELTA 

EXPORT WATER QUAUTY 

Estimated Historical Export Water 
Quality and Tribalomethane 

Concentrations 

Table CS-2 gives the monthly values for Delta 
export warer quality variables estimated from DeltaDWQ 
results for EC, c1·, and DOC for historical inflows and 
exports for 1967-1991 (see Appendix C4). The WTP 
model required values for pH, temperature, ammonia, 
alkalinity, hardness, calcium hardness, turbidity, Br·, and 
DOC. Export water quality estimates were developed as 
follows: 

• Export Cl· concentration was calculated in 
DeltaDWQ using flow-EC regressions and the 
following Cl"/EC ratios (see Appendix C I): 

Sacramento River and Yolo Bypass, 0.04; 

eastside streams, 0.05; 
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Jersey Point seawater, 0.30; and 

San Joaquin River increasing from 0.08 to 
0.15 at 1,000 cubic feet per second ( cfs) or 
greater. 

• Export DOC was calculated in DeltaDWQ. 

• Export alkalinity, hardness, and calcium hard­
ness were estimated with simple EC regressions 
based on available data from the Interagency 
Ecological Program (IEP) and DWR Municipal 
Watl% Quality Investigations (MWQI) program 
(see Appendix Cl) and from the EC values 
calculated in DeltaDWQ. 

• pH was set at a constant (7 .5); temperature and 
ammonia were estimated as repeating monthly 
values based on available IEP and MWQI data 
(Appendix C1). 

• Turbidity was estimated :from regressions for 
Sacramento and San Joaquin River flow and 
suspended solids and :from specified settling 
:fractions, based on MWQI turbidity data. 

The water quality variables that cause the greatest 
change in THM concentrations are DOC, Br·, and 
ammonia (because ammonia requires higher chlorine 
doses). DW project operations may change export DOC 
concentrations by discharge of DOC that originates :from 
peat oxidation or vegetation decay, and may change Br· 
concentrations by increasing salinity intrusion. Because 
there are many asswnptions and uncertainties in the 
modeling performed by JSA using the Delta Standards 
and Operations Simulation model (DeltaSOS) and Delta­
DWQ to estimate Delta export water quality, it is impor­
tant to compare the estimated historical export water 
quality with available MWQI grab samples from the three 
Delta export/diversion locations: Old River at Rock 
Slough (near the CCWD diversion), Banks Pumping 
Plant, and the Delta Mendota Canal (DMC) near Tracy 
Pumping Plant Four of the most important export water 
quality variables are EC, Cl", Br·, and DOC. 

Figure C5-9 shows the monthly average DeltaDWQ 
estimates of Delta export EC (millisiemens per centi­
meter [mS/cm]) and c1· (mg/1) for 1982-1991 with 
historical inflows and exports. These estimates are com­
pared with DWR's MWQI grab samples for Old River at 
Rock Slough, Banks Pumping Plant, and the DMC. As 
discussed in Appendix C 1, there are many possible 
sources of variation in these measured export concen­
trations. The DeltaDWQ estimates match the seasonal 
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patterns in several of the years (missing the measured EC 
data in other years) and reproduce the range of observed 
export EC and c1· concentrations. Historical measured 
EC at the Delta export locations has fluctuated between 
about 250 microsiemens per centimeter (j.lS/cm) and 
1,250 ~J.S/cm. The DeltaDWQ estimates of EC range 
from 250 to 1,400 ~J.S/cm. 

The historical measured Cl· concentration at the 
Delta export locations has fluctuated between about 10 
mg/1 and 275 mg/1. The DeltaDWQ estimates of Cl" 
concentration range from 20 mgll to 300 mg/1. 

Figure C5-1 0 shows the monthly average Delta­
DWQ estimates ofDelta export Br· concentrations (mg/1) 
and DOC (mgll) for 1982-1991 with historical inflows 
and exports. These DeltaDWQ estimates are compared 
with DWR's MWQI grab samples from Rock Slough, 
Banks Pumping Plant, and the DMC. The DeltaDWQ 
estimates match the measured range of observed Br· and 
DOC concentrations. Historical measured Br· con­
centrations at the Delta export locations have fluctuated 
from about 0.15 mg/1 to about 0.9 mg/1. The DeltaDWQ 
estimates (0.0035 · Cl") match this historical range. 
Historical DOC concentrations at the Delta export 
locations have fluctuated from about 2 mg/1 to 7 mg/1. 
The DeltaDWQ estimates of DOC concentration match 
this historical range, with the exception that values of less 
than 3 mgll were not estimated (Sacramento inflow DOC 
concentrations were lower than estimated). 

The comparison of historical measurements and 
DeltaDWQ estimates of export water quality for histor­
ical inflows and exports provides an indication of the 
uncertainty in DeltaDWQ estimates of export water 
quality. DeltaDWQ estimates of Delta export water 
quality as a function of inflows, salinity intrusion (go­
verned by outflow), and agricultural drainage are 
sufficiently accurate to provide a reasonable basis for 
impact assessment ofDW project effects on export water 
quality and THM concentrations in treated (chlorinated) 
drinking water from the Delta. Because assessment of 
the impacts of DW project operations on export water 
quality and THM concentrations is based on differences 
in water quality estimates for the No-Project Alternative 
and each DW project alternative, uncertainties in the 
estimates of export water quality for the No-Project 
Alternative will not alter the impact assessment results. 

Figure C5-l1 shows the simulated THM concen­
trations as a function of export DOC for the 1967-1991 
period with historical inflows and exports. The specified 
chlorine residual of the filters was 0.5 mg/1, the DOC 
removal with alum was 300/o, and the chloramine residual 
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was 2.0 mgll. The monthly 111M concentrations ranged 
from about 30 ~gil to 220 ~gil. The simulated 111M 
concentration increased with increasing DOC, but there 
was considerable variation in the ratio of 111M to DOC 
caused by temperature, ammonia, or Br· concentrations. 

Figure C5-12 shows that the simulated total chlori­
nation dosage was directly related to raw water DOC. 
Chlorination for ammonia oxidation is specified in the 
model to require a chlorine dose of7.6 times the ammon­
ia concentration. The simulated chlorine dose required 
for oxidation ofDOC was about 400/o of the DOC con­
centration. As a result, 111M formation was directly 
related to DOC levels in raw water, when all other 
variables were constant, with water high in DOC pro­
ducing high 111M concentrations because of the higher 
chlorine dosage needed to oxidize the DOC. 

Figure C5-13 shows that the simulated THM/DOC 
yield ratio increases with water temperature. The simu­
lated prechlorination dosage of chlorine also increased 
with temperature, from 0.3 • DOC at 1 ooc to 0.4 • DOC 
at 25 °C. The simulated 111M concentration {J,lgll) was 
about seven to eight times the DOC concentration (mgll) 
at l0°C and increased to about 16 to 22 times the DOC 
concentration (mgll) at 25°C. 

Figure C5-l4 shows simulated monthly and annual 
moving-average 111M concentrations in treated Delta 
export water for the 25-year simulation period with 
historical inflows and exports. Monthly simulated THM 
concentrations ranged from as low as 20 ~gil to as high 
as about 120 ~gil. The 1991 Penitencia data are shown 
for reference. 

The simulated monthly THM concentrations meet 
the existing 1 00 ~gil drinking water MCL standard for 
THMs, except for a few months during the 25-year simu­
lation period (Figure C5-14). The MCL drinking water 
standard is an annual moving average of quarterly 
samples; the annual average simulated THM concen­
tration ranged between 40 ~gil and 100 ~gil. 

Estimation of Delta Export Water Quality 
and Trihalomethane Concentrations for 

the No-Project Alternative and 
the DW Project Alternatives 

Simulation Results for the No-Project Alternative 

Table C5-3 gives the monthly Delta export water 
quality values estimated from DeltaDWQ results for EC, 
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c1·, and DOC for DeltaSOS-simulated Delta flows for the 
No-Project Alternative for 1967-1991. These estimates 
of export water quality Wtder the No-Project Alternative 
are very similar to estimates of historical export water 
quality (Table C5-2) because the river inflows, salinity 
intrusion, and agricultural drainage effects are generally 
the same. More exports were simulated for the No­
Project Alternative than occurred during the 1967-1991 
historical period but the sources of export water remained 
similar (see Appendix Bl, "Hydrodynamic Modeling 
Methods and Results for the Delta Wetlands Project"). 

Table C5-3 gives the THM concentrations simulated 
by the WTP model for the No-Project Alternative. 
Because the export water quality was similar and the 
specified water treatment processes were identical to 
those used for the simulation of historical THM con­
centrations, THM concentrations simulated for the No­
Project Alternative were almost the same as simulated 
historical THM concentrations (Figure C5-14 ). For the 
No-Project Alternative, the average estimated export EC 
value was 486 ~S/cm, the average export c1· concen­
tration was 62 mg/1, the average export Br· concentration 
was 0.22 ingll, and the average export DOC concen­
tration was 3.86 mg/1. The simulated THM concentration 
for the No-Project Alternative was 47.4 ~gil for the 
1967-1991 period (Table C5-3). 

Simulation Results for Alternative 1 

Figw-e C5-15 shows the estimated export DOC and 
the corresponding simulated THM concentrations for 
Alternative 1. The export DOC averaged 3.83 mg/1, 0.03 
mgllless than the DOC concentration simulated for the 
No-Project Alternative. Figure C5-15 also shows the 
difference in estimated DOC between Alternative 1 and 
the No-Project Alternative. 

For some months (in 1977 and 1991), simulated 
export Br· and DOC concentrations were higher for 
Alternative 1 than for the No-Project Alternative because 
of increased Br" concentration from seawater intrusion or 
increased DOC Concentration in DW reservoir island 
discharge when DOC from vegetation and peat oxidation 
was simulated. For most months, the estimated export 
DOC and Br· concentrations were slightly lower for 
Alternative I than for the No-Project Alternative. 

Figure C5-15 shows the simulated THM concen­
trations for Alternative 1 and the difference between 
simulated THM concentrations for Alternative 1 and the 
No-Project Alternative. The average THM concentration 
for Alternative I was 47.30 ~gil. 0.06 ~gil less than the 
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average 1HM oooceotration simulated for the No-Project 
Alternative. The largest differences in simulated THM 
concentration occurred during dry periods, when the 
estimated DOC concentrations in DW discharges were 
greater than the agricultural drainage DOC concentra­
tions simulated for the No-Project Alternative (i.e., in 
1977 and 1991). 

Estimated export DOC and THM concentrates were 
often less for Alternative 1 than for the No-Project Alter­
native because DW diversions would increase the Sacra­
mento River source contribution (which represents water 
having a low DOC coocentration) (see Appendix B 1) and 
DW discharges would usually have DOC concentrations 
that are slightly less than export DOC concentrations. 
The simulated reduction in 1HM concentrations generally 
ranges from 1 t-tg/1 to 10 t.tg/1 (Figure CS-15). 

Simulation Results for Alternative 2 

Figure CS-16 shows the estimated export DOC and 
the corresponding simulated THM concentrations for 
Alternative 2. The export DOC averaged 3.83 mg/1, 0.03 
mgllless than the DOC concentration simulated for the 
No-Project Alternative. Figure CS-16 also shows the 
difference in estimated DOC between Alternative 2 and 
the No-Project Alternative. 

For some months (in 1977 and 1991), simulated 
export Br· and DOC concentrations were higher for 
Alternative 2 than for the No-Project Alternative because 
of increased Br· concentration from seawater intrusion or 
increased DOC concentration in DW reservoir island 
discharge when DOC from vegetation and peat oxidation 
was simulated. For most months, the estimated export 
DOC and Br· concentrations were slightly lower for 
Alternative 2 than for the No-Project Alternative. 

Figure CS-16 shows the simulated THM concen­
trations for Alternative 2 and the difference between 
simulated THM concentrations for Alternative 2 and the 
No-Project Alternative. The average THM concentration 
for Alternative 2 was 47.34 t.tg/1, 0.02 t.tg/lless than the 
average 1HM concentration simulated for the No-Project 
Alternative. The largest differences in simulated 1HM 
concentration occurred during· dry periods, when the 
estimated DOC concentrations in DW discharges were 
greater than the agricultural drainage DOC concentra­
tions simulated for the No-Project Alternative (i.e., in 
1977 and 1991). 

Estimated export DOC and THM concentrates were 
often less for Alternative 2 than for the No-Project 
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Alternative because DW diversions would increase the 
Saaamento River source contribution (which represents 
water having a low DOC concentration) (see Appendix 
Bl) and DW discharges would usually have DOC 
concentrations that are slightly less than export DOC 
concentratioos. The simulated reduction in THM concen­
trations generally ranges from 1 t-tg/1 to 10 t-tg/1 (Figure 
CS-16). 

Simulatioo Results for Alternative 3 

Figure CS-17 shows the estimated export DOC and 
the corresponding simulated THM concentrations for 
Alternative 3. The export DOC averaged 3. 72 mg/1, 0.14 
mg/lless than the DOC concentration simulated for the 
No-Project Alternative. Figure CS-17 also shows the 
difference in estimated DOC between Alternative 3 and 
the No-Project Alternative. 

For some months (in 1977 and 1991), simulated 
export Br· and DOC concentrations were higher for 
Alternative 3 than for the No-Project Alternative because 
of increased Br concentration from seawater intrusion or 
increased DOC concentration in DW reservoir island 
discharge when DOC from vegetation and peat oxidation 
was simulated. For most months, the estimated export 
DOC and Br· concentrations were slightly lower for 
Alternative 3 than for the No-Project Alternative. 

Figure CS-17 shows the simulated THM concen­
trations for Alternative 3 and the difference between 
simulated THM concentrations for Alternative 3 and the 
No-Project Alternative. The average THM concentration 
for Alternative 3 was 46.27 t.tg/1, 1.09 t.tg/lless than the 
average 1HM concentration simulated for the No-Project 
Alternative. The largest differences in simulated THM 
concentration occurred during dry periods, when the 
estimated DOC concentrations in DW discharges were 
greater than the agricultural drainage DOC concen­
trations simulated for the No-Project Alternative (i.e., in 
1977 and 1991). 

Estimated export DOC and THM concentrates were 
often less for Alternative 3 than for the No-Project Alter­
native because DW diversions would increase the Sacra­
mento River source contribution (which represents water 
having a low DOC concentration) (see Appendix B 1) and 
DW discharges would usually have DOC concentrations 
that are slightly less than export DOC concentrations. 
The simulated reduction in THM concentrations generally 
ranges from 1 t.tg/1 to I 0 t.tg/1 (Figure CS-17). 

Appendix C5. Modeling Trihalomethane Concentrations at a 
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CONCLUSIONS 

The WfP model developed by Malcolm Piroie is 
responsive to changes in raw water quality and varying 
treatment processes that ultimately affect THM produc­
tion in finished water supplies. Comparison of measw-ed 
data collected at the Penitencia Water Treatment Plant 
with values predicted by the model showed that the model 
can be used as an impact assessment tool for the OW 
project. 

The WfP model tended to tmderpredict THM con­
centrations primarily because of uncertain chlorine doses 
and an insensitivity to Br· concentrations and Br-THM 
fonnation. The prediction of effects of increased DOC 
concentrations on THM formation, for a given Br'" 
concentration level, appears to be adequate. Because the 
OW project will not change export Br· concentrations 
substantially (Appendix B2, "Salt Transport Modeling 
Methods and Results for the Delta Wetlands Project"), 
the response to changes in export DOC concentrations is 
the most important response for accurate impact assess­
ment of the OW project. 

The WTP model is sensitive to changes in water 
temperatures, with higher THM production in warm 
waters. Therefore, natural seasonal variations in raw 
water temperatures may be partially responsible for in­
creased THM concentrations dwing summer. The annual 
moving average MCL for THM is better simulated with 
annual moving averages of the simulated monthly THM 
values, a procedure that removes the effects of variable 
temperature. 

The results of simulating OW project operation 
effects on export concentrations of DOC and Br· on THM 
concentrations at a typical water treatment plant (Peni­
tencia) suggest that an increase ofO.S mg/1 in DOC will 
produce approximately 5-10 .ugll ofTIIM, depending on 
temperature. The maximum annual average increase 
attributable to OW project operations was less than 0.2 
mg/1 of DOC and therefore less than 4 .ug/1 of THM, 
which is less than 4% of the MCL for THM in drinking 
water. In simulations for almost all years, the annual 
average export DOC concentration was reduced by OW 
project operations. 
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Table C5 -1. Penitencia Water Treatment Plant Water Quality Data and EPA WTP Model Calibration Results for January 1991 to August 1992 

A. Penitencia Water Treatment Plant Data 

RaW F=inl~iied Chlarine ChlOramine 
··.cHar:~ 

Total 
Month""' Temp. ··ar-.. NH~ TOC toe .. Residual Reslduai CHci3 CHCI2Br .cHbiBr2 tHM C-'THM CI-'THM &-'THM 

Yiiiir · (C) .(rilg/J) (mgll) (tng/Q 1··. (rj!{ll'll •. ·. (tri9/l) (mllfi) ~g/1) (ug/1) (u!J/1) I <uilt? ~gli) (l.lg/0 (/.49/1) (ug/1) .·• 

Jan'91 5.8 0.56 <0.05 I 5.3 3.1 1.4 1.42 82 
Feb '91 11.2 0.46 <0.05 5.1 2.6 1.4 1.33 9 22 32 14 77 5 23 49 
Mar '91 12.0 0.35 <0.05 4.2 3.0 1.6 1.39 9 20 31 10 70 5 22 43 
Apr '91 15.3 0.50 <0.05 6.7 3.1 1.4 1.40 47 18 5 <1 70 7 50 13 
Jun'91 17.5 0.29 <0.05 4.2 2.8 1.4 1.40 16 26 33 7 82 6 31 45 
Jul '91 20.9 0.48 <0.05 4.5 2.7 1.4 1.40 12 24 35 10 81 6 27 48 
Aug '91 21.8 0.28 <0.05 3.3 2.1 1.4 1.39 12 25 34 9 80 6 27 47 
Sep '91 21.4 0.27 <0.05 4.7 2.3 1.3 1.37 12 21 23 6 62 5 24 34 
Oct '91 20.6 0.26 <0.05 3.8 2.4 1.4 1.43 7 16 21 5 "49 4 17 29 
Nov '91 14.4 0.40 <0.05 3.0 2.2 1.4 1.40 5 17 31 16 69 5 17 47 
Dec '91 10.0 0.50 <0.05 3.5 1.7 1.9 1.94 1 10 13 14 38 2 7 28 
Jan '92 8.4 0.39 <0.05 5.3 2.5 1.5 1.62 10 21 25 8 64 5 22 37 
Mar '92 14.4 0.10 <0.05 6.0 4.1 1.4 1.63 31 17 2 5 55 5 35 15 
May '92 21.4 0.14 <0.05 5.4 3.8 1.8 1.97 34 23 13 2 72 6 42 23 
Jun'92 24.7 0.43 <0.05 4.8 3.2 1.5 1.66 8 24 46 16 94 6 25 62 
Jul '92 23.9 0.48 0.08 4.4 3.1 1.3 1.46 7 22 47 20 96 6 24 66 
Aug'92 26.5 0.50 0.07 4.8 2.9 2.1 2.45 11 34 57 29 131 9 34 88 

B. EPA WTP Model Calibration Results 

Mo·ll····.~·. 1 I···· 'teiTIP' [ .··.Br···. • ...... . Y 8111' · · (C) . (mg/1) ~~' 1 fl ~-~ ~~: ·~ilf'·~~···a~ ~~ -~1)~~t i~~~9~~~.~~ 
Jan'91 
Feb '91 
Mar '91 
Apr '91 
Jun'91 
Jul '91 
Aug '91 
Sep '91 
Oct '91 
Nov '91 
Dec '91 
Jan'92 
Mar '92 
May '92 
Jun'92 
Jul '92 
Aug'92 

5.8 
11.2 
12.0 
15.3 
17.5 
20.9 
21.8 
21.4 
20.6 
14.4 
10.0 
8.4 

14.4 
21.4 
24.7 
23.9 
26.5 

0.56 <0.05 
0.46 <0.05 
0.35 <0.05 
0.50 <0.05 
0.29 <0.05 
0.48 <0.05 
0.28 <0.05 
0.27 <0.05 
0.26 <0.05 
0.40 <0.05 
0.50 <0.05 
0.39 <0.05 
0.10 <0.05 
0.14 <0.05 
0.43 <0.05 
0.48 0.08 
0.50 0.07 

5.3 
5.1 
4.2 
6.7 
4.2 
4.5 
3.3 
4.7 
3.8 
3.0 
3.5 
5.3 
6.0 
5.4 
4.8 
4.4 
4.8 

3.1 
2.7 
2.9 
3.3 
2.8 
2.7 
2.1 
2.5 
2.4 
2.0 
1.9 
2.7 
3.8 
3.5 
3.1 
2.8 
2.9 

1.7 
1.8 
2.0 
1.7 
1.8 
1.8 
1.9 
1.8 
1.7 
1.8 
2.4 
1.8 
1.6 
2.1 
1.9 
1.7 
2.3 

0.7 
0.9 
0.0 
0.7 
1.2 
1.0 
1.6 
1.3 
0.7 
1.7 
2.2 
0.9 
2.2 
2.2 
2.2 
0.9 
1.6 

2 
7 
9 

23 
5 

18 
11 
11 
14 

2 
1 
4 

44 
57 
19 
10 
14 

6 
11 
13 
19 
13 
18 
14 
17 
16 
7 
5 
8 

13 
21 
28 
20 
25 

16 
18 
19 
19 
33 
22 
18 
32 
20 
23 
16 
15 

3 
8 

51 
46 
54 

2 
2 
3 
1 
3 
2 
2 
3 
2 
3 
2 
2 
0 
1 
3 
4 
3 

26 
38 
43 
63 
54 
60 
45 
62 
52 
35 
24 
29 
60 
87 

101 
79 
95 

2 
3 
3 
5 
4 
5 
4 
5 
4 
2 
2 
2 
6 
8 
8 
6 
7 

8 
14 
17 
32 
16 
28 
19 
23 
22 

9 
6 

10 
45 
61 
38 
25 
32 

17 
21 
23 
25 
35 
28 
23 
35 
25 
24 
17 
17 

9 
17 
56 
49 
57 

Bromine · .·. 
C-'THM!DOc lneorpa;•ti0i1 

(%) (n)····•· 

0.11 1.4 
0.12 1.3 
0.10 0.3 
0.15 1.1 
0.13 1.2 
0.18 1.2 
0.10 1.1 
0.09 1.2 
0.15 1.6 
0.07 1.8 
0.09 1.2 
0.09 0.4 
0.12 0.5 
0.13 1.5 
0.14 1.6 
0.18 1.5 

I 
i'iromi~) 

C-"~~:OOc · liic:Ot~illlon 

0.03 
0.06 
0.08 
0.08 
0.09 
0.11 
0.11 
0.10 
0.11 
0.08 
0.05 
0.04 
0.10 
0.16 
0.16 
0.13 
0.14 

1.4 
1.1 
1.1 
0.7 
1.4 
0.8 
1.0 
1.1 
0.9 
1.6 
1.6 
1.2 
0.2 
0.3 
1.1 
1.3 
1.2 



Table C5-2. Estimated Delta Export Water Quality for Historical Inflows and Exports for 1967-1991 

i Total Total • ·cea+ 
.. 

Water pH Temp. NHs-N Turbidity .EC Alkalinity Hardness· Hardness ct- &- TOC UVA 
Year {units} (C) {mgll) (NTlJ) {mS/cn'i) (mgll) (rngll) > .(rngll) (mg/1) {mg/1} (mg/l) {1/cm} 

1967 
OCT 7.5 17.0 0.05 40 732 79 117 59 92 0.32 2.72 0.078 
NOV 7.5 14.5 0.10 59 1,026 91 164 82 79 0.28 3.31 0.095 
DEC 7.5 12.0 0.15 47 683 n 109 55 54 0.19 4.25 0.121 
JAN 7.5 10.0 0.20 50 744 80 119 60 60 0.21 4.22 0.121 
FEB 7.5 12.0 0.15 43 602 74 96 48 45 0.16 4.34 0.124 
MAR 7.5 14.5 0.10 43 592 74 95 47 45 0.16 4.39 0.125 
APR 7.5 17.0 0.05 37 430 67 69 34 32 0.11 5.10 0.146 
MAY 7.5 19.5 0.04 34 379 65 61 30 28 0.10 5.48 0.157 
JUN 7.5 22.5 0.03 34 381 65 61 30 29 0.10 5.46 0.156 
JUL 7.5 25.0 0.02 39 493 70 79 39 37 0.13 4.86 0.139 
AUG 7.5 22.5 0.03 29 379 65 61 30 30 0.11 2.98 0.085 
SEP 7.5 19.5 0.04 45 517 71 83 41 37 0.13 3.34 0.095 
1968 
OCT 7.5 17.0 0.05 51 825 83 132 66 62 0.22 4.31 0.123 
NOV 7.5 14.5 0.10 49 797 82 127 64 60 0.21 4.33 0.124 
DEC 7.5 12.0 0.15 48 751 80 120 60 56 0.20 3.92 0.112 
JAN 7.5 10.0 0.20 51 855 84 137 68 65 0.23 4.60 0.131 
FEB 7.5 12.0 0.15 51 849 84 136 68 65 0.23 4.92 0.141 
MAR 7.5 14.5 0.10 39 473 69 76 38 34 0.12 3.38 0.097 
APR 7.5 17.0 0.05 20 402 66 64 32 32 0.11 2.63 0.075 
MAY 7.5 19.5 0.04 15 357 64 57 29 46 0.16 2.71 o.on 
JUN 7.5 22.5 0.03 13 606 74 97 48 123 0.43 3.12 0.089 
JUL 7.5 25.0 0.02 12 an n 108 54 145 0.51 3.13 0.090 
AUG 7.5 22.5 0.03 15 619 75 99 50 123 0.43 3.19 0.091 
SEP 7.5 19.5 0.04 15 549 72 88 44 94 0.33 3.01 0.086 
1969 
OCT 7.5 17.0 0.05 17 647 76 104 52 103 0.36 3.70 0.106 
NOV 7.5 14.5 0.10 22 465 69 74 37 43 0.15 3.05 0.087 
DEC 7.5 12.0 0.15 39 702 78 112 56 58 0.20 5.80 0.166 
JAN 7.5 10.0 0.20 37 504 70 81 40 38 0.13 5.61 0.160 
FEB 7.5 12.0 0.15 31 327 63 52 26 25 0.09 6.09 0.174 
MAR 7.5 14.5 0.10 32 321 63 51 26 24 0.08 5.94 0.170 
APR 7.5 17.0 0.05 34 369 65 59 30 28 0.10 5.59 0.160 
MAY 7.5 19.5 0.04 33 354 64 57 28 27 0.09 5.71 0.163 
JUN 7.5 22.5 0.03 32 337 63 54 27 25 0.09 5.86 0.167 
JUL 7.5 25.0 0.02 44 614 75 98 49 46 0.16 4.53 0.129 
AUG 7.5 22.5 0.03 29 373 65 60 30 27 0.09 3.36 0.096 
SEP 7.5 19.5 0.04 50 666 n 107 53 49 0.17 4.08 0.116 
1970 
OCT 7.5 17.0 0.05 47 719 79 115 58 54 0.19 4.36 0.125 
NOV 7.5 14.5 0.10 46 712 78 114 57 53 0.19 4.45 0.127 
DEC 7.5 12.0 0.15 52 888 86 142 71 67 0.23 4.41 0.126 
JAN 7.5 10.0 0.20 39 534 71 86 43 40 0.14 5.69 0.163 
FEB 7.5 12.0 0.15 40 521 71 83 42 39 0.14 4.69 0.134 
MAR 7.5 14.5 0.10 42 sn 73 92 46 43 0.15 4.48 0.128 
APR 7.5 17.0 0.05 24 430 67 69 34 32 0.11 3.05 0.087 
MAY 7.5 19.5 0.04 35 454 68 73 36 35 0.12 3.36 0.096 
JUN 7.5 22.5 0.03 31 503 70 81 40 57 0.20 3.52 0.101 
JUL 7.5 25.0 0.02 19 463 69 74 37 75 0.26 3.31 0.095 
AUG 7.5 22.5 O.Os 19 378 65 60 30 48 0.17 3.33 0.095 
SEP 7.5 19.5 0.04 30 428 67 68 34 31 0.11 3.47 0.099 
1971 
OCT 7.5 17.0 0.05 37 596 74 95 48 .44 0.15 4.15 0.118 
NOV 7.5 14.5 0.10 49 762 80 122 61 56 0.20 4.25 0.121 
DEC 7.5 12.0 0.15 45 768 81 123 61 58 0.20 5.48 0.157 
JAN 7.5 10.0 0.20 45 671 n 107 54 50 0.18 4.38 0.125 
FEB 7.5 12.0 0.15 47 650 76 104 52 49 0.17 4.25 0.121 
MAR 7.5 14.5 0.10 34 443 68 71 35 31 0.11 3.18 0.091 
APR 7.5 17.0 0.05 32 417 67 67 33 29 0.10 3.26 0.093 
MAY 7.5 19.5 0.04 29 362 64 58 29 24 0.09 3.12 0.089 
JUN 7.5 22.5 0.03 28 323 63 52 26 22 0.08 3.30 0.094 
JUL 7.5 25.0 0.02 17 228 59 37 18 15 0.05 3.13 0.089 
AUG 7.5 22.5 0.03 16 225 59 36 18 14 0.05 3.11 0.089 
SEP 7.5 19.5 0.04 24 331 63 53 26 21 0.07 3.33 0.095 
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War 
Year 

1972 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1973 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1974 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1975 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1976 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

pH Temp. NHs-'-N 
{units) (C) {mg/1) 

7.5 17.0 0.05 
7.5 14.5 0.10 
7.5 12.0 0.15 
7.5 10.0 0.20 
7.5 12.0 0.15 
7.5 14.5 0.10 
7.5 17.0 0.05 
7.5 19.5 0.04 
7.5 22.5 0.03 
7.5 25.0 0.02 
7.5 22.5 0.03 
7.5 19.5 0.04 

7.5 17.0 0.05 
7.5 14.5 0.10 
7.5 12.0 0.15 
7.5 10.0 0.20 
7.5 12.0 0.15 
7.5 14.5 0.10 
7.5 17.0 0.05 
7.5 19.5 0.04 
7.5 22.5 0.03 
7.5 25.0 0.02 
7.5 22.5 0.03 
7.5 19.5 0.04 

7.5 17.0 0.05 
7.5 14.5 0.10 
7.5 12.0 0.15 
7.5 10.0 0.20 
7.5 12.0 0.15 
7.5 14.5 0.10 
7.5 17.0 0.05 
7.5 19.5 0.04 
7.5 22.5 0.03 
7.5 25.0 0.02 
7.5 22.5 0.03 
7.5 19.5 0.04 

7.5 17.0 0.05 
7.5 14.5 0.10 
7.5 12.0 0.15 
7.5 10.0 0.20 
7.5 12.0 0.15 
7.5 14.5 0.10 
7.5 17.0 0.05 
7.5 19.5 0.04 
7.5 22.5 0.03 
7.5 25.0- 0.02 
7.5 22.5 0.03 
7.5 19.5 0.04 

7.5 17.0 0.05 
7.5 14.5 0.10 
7.5 12.0 0.15 
7.5 10.0 0.20 
7.5 12.0 0.15 
7.5 14.5 0.10 
7.5 17.0 0.05 
7.5 19.5 0.04 
7.5 22.5 0.03 
7.5 25.0 0.02 
7.5 22.5 0.03 
7.5 19.5 0.04 

Table C5-2. Continued 

Total Total 
Turbidity EC Alkalinity ··Hardness •.. 
. l"ffi,J) . · {mS/cm} (mgll) __ .• (mgll) 

35 540 72 86 
34 579 73 93 
53 766 81 123 
50 822 83 131 
40 539 72 86 
19 347 64 55 
15 406 66 65 
12 436 67 70 
13 760 80 122 
12 523 71 84 
11 408 66 65 
18 372 65 60 

21 412 66 66 
37 630 75 101 
41 676 n 108 
47 953 88 153 
41 603 74 96 
42 588 74 94 
47 622 75 99 
27 382 65 61 
22 387 65 62 
14 438 68 70 
14 419 67 67 
20 371 65 59 

26 425 67 68 
34 440 68 70 
49 725 79 116 
42 638 76 102 
44 502 70 80 
41 418 67 67 
44 564 73 90 
32 388 66 62 
26 324 63 52 
16 246 60 39 
17 249 60 40 
33 427 67 68 

40 533 71 85 
48 ns 81 125 
47 684 n 110 
36 498 70 80 
42 533 71 85 
43 466 69 74 
35 419 67 67 
38 433 67 69 
44 535 71 86 
24 310 62 50 
17 287 61 46 
23 346 64 55 

31 422 67 68 
28 412 66 66 
28 430 67 69 
23 465 69 74 
18 448 68 72 
17 416 67 67 
19 447 68 72 
15 595 74 95 
17 719 79 115 
16 695 78 111 
14 653 76 104 
12 751 80 120 

ca 2• 

Hardness ct- Be TOC UVA 
(mgll) (mg/1). {mg/1} (mg/1) {1/cm) 

43 39 0.14 4.28 0.122 
46 42 0.15 4.52 0.129 
61 57 0.20 5.09 0.146 
66 62 0.22 3.95 0.113 
43 39 0.14 4.63 0.132 
28 22 0.08 3.65 0.104 
33 42 0.15 3.88 0.111 
35 72 0.25 3.01 0.086 
61 168 0.59 3.28 0.094 
42 96 0.34 3.36 0.096 
33 64 0.22 3.16 0.090 
30 33 0.12 2.99 0.085 

33 31 0.11 3.09 0.088 
50 46 0.16 4.07 0.116 
54 53 0.19 5.44 0.155 
76 72 0.25 6.32 0.181 
48 45 0.16 5.00 0.143 
47 44 0.15 4.76 0.136 
50 46 0.16 3.91 0.112 
31 28 0.10 3.10 0.089 
31 40 0.14 3.14 0.090 
35 76 0.26 3.00 0.086 
34 68 0.24 2.99 0.085 
30 32 0.11 3.05 0.087 

34 30 0.11 2.99 0.086 
35 32 0.11 3.44 0.098 
58 55 0.19 5.30 0.151 
51 48 0.17 5.25 0.150 
40 38 0.13 4.45 0.127 
33 31 0.11 3.62 0.103 
45 42 0.15 4.13 0.118 
31 27 0.09 3.35 0.096 
26 22 0.08 3.29 0.094 
20 19 0.07 2.93 0.084 
20 16 0.06 3.00 0.086 
34 30 0.10 3.53 0.101 

43 38 0.13 4.19 0.120 
62 58 0.20 4.38 0.125 
55 51 0.18 4.20 0.120 
40 36 0.13 5.19 0.148 
43 40 0.14 5.26 0.150 
37 34 0.12 4.14 0.118 
34 30 0.10 3.34 0.095 
35 31 0.11 3.62 0.103 
43 39 0.14 4.37 0.125 
25 22 0.08 3.43 0.098 
23 22 0.08 3.06 0.087 
28 23 0.08 3.22 0.092 

34 29 0.10 3.47 0.099 
33 28 0.10 3.93 0.112 
34 30 0.10 5.56 0.159 
37 37 0.13 6.46 0.185 
36 42 0.15 5.37 0.153 
33 41 0.14 3.91 0.112 
36 41 0.14 3.53 0.101 
48 111 0.39 3.06 0.087 
57 147 0.51 3.45 0.099 
56 140 0.49 3.50 0.100 
52 129 0.45 3.11 0.089 
60 155 0.54 2.81 0.080 



Table C5- 2. Continued 

Total Total ca2+ 

Wtstsr pH Temp. ~-N Turbidity EC Alkalinity .Hardness ·Hardness a- BC TOC UVA 
Year {unlts} (C) {mg/1} (NTU) {mS/cm) (mgll) .(mgll) ·(mg;lf) (mg/1) {mg/1} (mg/l} {1/cm} 

1977 
OCT 7.5 17.0 0.05 19 1,141 96 182 91 233 0.82 4.03 0.115 
NOV 7.5 14.5 0.10 19 1,235 99 198 99 254 0.89 4.96 0.142 
DEC 7.5 12.0 0.15 25 1,295 102 207 104 250 0.87 7.54 0.216 
JAN 7.5 10.0 0.20 13 865 85 138 69 170 0.59 5.60 0.160 
FEB 7.5 12.0 0.15 15 891 86 143 71 170 0.60 5.55 0.159 
MAR 7.5 14.5 0.10 12 1,234 99 198 99 2n 0.97 3.80 0.108 
APR 7.5 17.0 0.05 17 1,617 115 259 129 350 1.22 7.58 0.217 
MAY 7.5 19.5 0.04 13 1,109 94 1n 89 257 0.90 3.34 0.095 
JUN 7.5 22.5 0.03 22 1,531 111 245 122 296 1.04 6.48 0.185 
JUL 7.5 25.0 0.02 16 1,528 111 244 122 302 1.06 6.08 0.174 
AUG 7.5 22.5 0.03 11 1,599 114 256 128 368 1.29 4.83 0.138 
SEP 7.5 19.5 0.04 11 1,811 122 290 145 444 1.55 4.21 0.120 
1978 
OCT 7.5 17.0 0.05 34 2,916 167 467 233 653 2.29 9.16 0.262 
NOV 7.5 14.5 0.10 15 1,737 119 278 139 422 1.48 3.94 0.113 
DEC 7.5 12.0 0.15 10 790 82 126 63 135 0.47 5.34 0.153 
JAN 7.5 10.0 0.20 25 649 76 104 52 86 0.30 5.99 0.171 
FEB 7.5 12.0 0.15 35 506 70 81 41 53 0.18 4.81 0.137 
MAR 7.5 14.5 0.10 39 509 70 81 41 38 0.13 5.09 0.145 
APR 7.5 17.0 0.05 34 382 65 61 31 29 0.10 5.45 0.156 
MAY 7.5 19.5 0.04 35 395 66 63 32 30 0.10 5.45 0.156 
JUN 7.5 22.5 0.03 40 479 69 n 38 43 0.15 4.03 0.115 
JUL 7.5 25.0 0.02 17 552 72 88 44 99 0.34 3.03 0.087 
AUG 7.5 22.5 0.03 15 469 69 75 38 78 0.27 2.95 0.084 
SEP 7.5 19.5 0.04 23 400 66 64 32 36 0.13 3.11 0.089 
1979 
OCT 7.5 17.0 0.05 34 574 73 92 46 54 0.19 4.33 0.124 
NOV 7.5 14.5 0.10 33 517 71 83 41 44 0.15 3.61 0.103 
DEC 7.5 12.0 0.15 27 554 72 89 44 60 0.21 5.08 0.145 
JAN 7.5 10.0 0.20 45 748 80 120 60 59 0.21 5.81 0.166 
FEB 7.5 12.0 0.15 42 646 76 103 52 49 0.17 5.18 0.148 
MAR 7.5 14.5 0.10 41 536 71 86 43 40 0.14 4.65 0.133 
APR 7.5 17.0 0.05 32 453 68 72 36 33 0.12 3.19 0.091 
MAY 7.5 19.5 0.04 26 366 65 59 29 27 0.09 3.04 0.087 
JUN 7.5 22.5 0.03 22 504 70 81 40 72 0.25 3.25 0.093 
JUL 7.5 25.0 0.02 14 415 67 66 33 67 0.24 2.89 0.083 
AUG 7.5 22.5 0.03 13 588 74 94 47 116 0.41 2.91 0.083 
SEP 7.5 19.5 0.04 16 598 74 96 48 107 0.38 2.93 0.084 
1980 
OCT 7.5 17.0 0.05 22 531 71 85 42 67 0.23 3.12 0.089 
NOV 7.5 14.5 0.10 25 453 68 72 36 38 0.13 3.37 0.096 
DEC 7.5 12.0 0.15 26 481 69 n 38 40 0.14 4.63 0.132 
JAN 7.5 10.0 0.20 38 531 71 85 42 40 0.14 5.74 0.164 
FEB 7.5 12.0 0.15 35 404 66 65 32 30 0.11 5.57 0.159 
MAR 7.5 14.5 0.10 33 348 64 56 28 26 0.09 5.71 0.163 
APR 7.5 17.0 0.05 39 502 70 80 40 38 0.13 4.81 0.137 
MAY 7.5 19.5 0.04 40 516 71 83 41 39 0.14 4.88 0.139 
JUN 7.5 22.5 0.03 42 452 68 72 36 34 0.12 3.93 0.112 
JUL 7.5 25.0 0.02 28 373 65 60 30 28 0.10 3.42 0.098 
AUG 7.5 22.5 0.03 16 515 71 82 41 86 0.30 3.10 0.089 
SEP 7.5 19.5 0.04 27 447 68 71 36 43 0.15 3.42 0.098 
1981 
OCT 7.5 17.0 0.05 31 553 72 88 44 56 0.20 4.40 0.126 
NOV 7.5 14.5 0.10 28 596 74 95 48 68 0.24 4.95 0.141 
DEC 7.5 12.0 0.15 26 457 68 73 37 38 0.13 4.85 0.139 
JAN 7.5 10.0 0.20 24 478 69 76 38 36 0.13 5.63 0.161 
FEB 7.5 12.0 0.15 26 392 66 63 31 29 0.10 3.92 0.112 
MAR 7.5 14.5 0.10 36 494 70 79 40 36 0.13 3.81 0.109 
APR 7.5 17.0 0.05 21 363 65 58 29 26 0.09 2.63 0.075 
MAY 7.5 19.5 0.04 28 449 68 72 36 39 0.14 3.12 0.089 
JUN 7.5 22.5 0.03 25 596 74 95 48 96 0.34 3.62 0.104 
JUL 7.5 25.0 0.02 16 455 68 73 36 78 0.27 3.19 0.091 
AUG 7.5 22.5 0.03 13 653 76 104 52 135 0.47 3.05 0.087 
SEP 7.5 19.5 0.04 15 716 79 115 57 142 0.50 3.12 0.089 
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Total Totl!il . . : ... :::ca·2~ 
Water pH Temp. NHa--N· Turbidity EC AlkalinitY ·:·Hardness ·.• Hardness ct- Br~ TOC UVA 
Year (units} (C) {mgtll.· . •(NTU) (mStem) (mg/1)· (mgi'l). · ••• (mgjl) (mg/1) {mg!l) (mg!l) {1/cm) 

1982 
OCT 7.5 17.0 0.05 17 765 81 122 61 136 0.48 2.99 0.085 
NOV 7.5 14.5 0.10 27 391 66 63 31 29 0.10 3.06 0.087 
DEC 7.5 12.0 0.15 34 473 69 76 38 40 0.14 4.92 0.141 
JAN 7.5 10.0 0.20 42 621 75 99 50 50 0.18 6.11 0.175 
FEB 7.5 12.0 0.15 36 383 65 61 31 30 0.10 4.41 0.126 
MAR 7.5 14.5 0.10 39 395 66 63 32 30 0.10 4.60 0.131 
APR 7.5 17.0 0.05 34 365 65 58 29 27 0.10 5.63 0.161 
MAY 7.5 19.5 0.04 35 396 66 63 32 30 0.10 5.42 0.155 
JUN 7.5 22.5 0.03 42 574 73 92 46 43 0.15 4.70 0.134 
JUL 7.5 25.0 0.02 44 569 73 91 46 43 0.15 4.47 0.128 
AUG 7.5 22.5 0.03 28 360 64 58 29 25 0.09 3.38 0.096 
SEP 7.5 19.5 0.04 44 521 71 83 42 38 0.13 4.04 0.116 
1983 
OCT 7.5 17.0 0.05 41 539 72 86 43 40 0.14 4.62 0.132 
NOV 7.5 14.5 0.10 43 495 70 79 40 37 0.13 4.37 0.125 
DEC 7.5 12.0 0.15 36 438 68 70 35 33 0.11 5.61 0.160 
JAN 7.5 10.0 0.20 35 412 66 66 33 31 0.11 5.75 0.164 
FEB 7.5 12.0 0.15 31 324 63 52 26 24 0.09 6.06 0.173 
MAR 7.5 14.5 0.10 30 291 62 47 23 22 0.08 6.27 0.179 
APR 7.5 17.0 0.05 31 300 62 48 24 22 0.08 6.14 0.175 
MAY 7.5 19.5 0.04 31 317 63 51 25 24 0.08 5.99 0.171 
JUN 7.5 22.5 0.03 33 344 64 55 28 26 0.09 5.78 0.165 
JUL 7.5 25.0 0.02 35 389 66 62 31 29 0.10 5.47 0.156 
AUG 7.5 22.5 0.03 40 454 68· 73 36 33 0.12 4.55 0.130 
SEP 7.5 19.5 0.04 39 484 69 77 39 36 0.13 4.98 0.142 
1984 
OCT 7.5 17.0 0.05 37 455 68 73 36 34 0.12 5.17 0.148 
NOV 7.5 14.5 0.10 39 494 70 79 40 37 0.13 5.17 0.148 
DEC 7.5 12.0 0.15 35 398 66 64 32 30 0.10 5.67 0.162 
JAN 7.5 10.0 0.20 33 345 64 55 28 26 0.09 5.74 0.164 
FEB 7.5 12.0 0.15 39 481 69 77 38 36 0.13 4.88 0.139 
MAR 7.5 14.5 0.10 42 459 68 73 37 34 0.12 4.13 0.118 
APR 7.5 17.0 0.05 30 404 66 65 32 28 0.10 3.53 0.101 
MAY 7.5 19.5 0.04 31 400 66 64 32 29 0.10 3.39 0.097 
JUN 7.5 22.5 0.03 24 367 65 59 29 34 0.12 3.32 0.095 
JUL 7.5 25.0 0.02 18 253 60 40 20 19 0.07 3.01 0.086 
AUG 7.5 22.5 0.03 18 311 62 50 25 28 0.10 3.07 0.088 
SEP 7.5 19.5 0.04 31 425 67 68 34 30 0.11 3.44 0.098 
1985 
OCT 7.5 17.0 0.05 36 500 70 80 40 37 0.13 3.73 0.107 
NOV 7.5 14.5 0.10 25 365 65 58 29 24 0.09 3.27 0.093 
DEC 7.5 12.0 0.15 31 424 67 68 34 30 0.10 4.80 0.137 
JAN 7.5 10.0 0.20 35 486 69 78 39 35 0.12 4.94 0.141 
FEB 7.5 12.0 0.15 25 391 66 63 31 27 0.09 4.17 0.119 
MAR 7.5 14.5 0.10 20 372 65 60 30 27 0.10 2.96 0.085 
APR 7.5 17.0 0.05 21 471 69 75 38 51 0.18 2.97 0.085 
MAY 7.5 19.5 0.04 22 439 68 70 35 48 0.17 3.26 0.093 
JUN 7.5 22.5 0.03 19 481 69 77 38 72 0.25 3.46 0.099 
JUL 7.5 25.0 - 0.02 19 479 69 77 38 74 0.26 3.33 0.095 
AUG 7.5 22.5 0.03 17 798 82 128 64 166 0.58 3.35 0.096 
SEP 7.5 19.5 0.04 16 927 87 148 74 201 0.70 3.19 0.091 
1986 
OCT 7.5 17.0 0.05 18 1,065 93 170 85 226 0.79 3.65 0.104 
NOV 7.5 14.5 0.10 18 673 77 108 54 112 0.39 3.12 0.089 
DEC 7.5 12.0 0.15 17 453 68 73 36 47 0.16 4.90 0.140 
JAN 7.5 10.0 0.20 18 419 67 67 34 35 0.12 5.77 0.165 
FEB 7.5 12.0 0.15 41 571 73 91 46 43 0.15 5.52 0.158 
MAR 7.5 14.5 0.10 33 357 64 57 29 27 0.09 5.80 0.166 
APR 7.5 17.0 0.05 35 385 65 62 31 29 0.10 5.43 0.155 
MAY 7.5 19.5 0.04 41 495 70 79 40 37 0.13 4.52 0.129 
JUN 7.5 22.5 0.03 44 482 69 77 39 39 0.14 4.15 0.119 
JUL 7.5 25.0 0.02 22 359 64 57 29 36 0.13 3.19 0.091 
AUG 7.5 22.5 0.03 20 466 69 75 37 65 0.23 3.20 0.091 
SEP 7.5 19.5 0.04 23 375 65 60 30 32 0.11 3.14 0.090 
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' iTotal < Tolal Ca 2
•···· .. , 

Water pH Temp. NHs-N Turbidity EC Alkalinity .Hardness,. ''Hardness Cl:- sc TOC UVA 
Year (units} (C) {mgll} . (NTU) {mS/cm) ·(mgll) (mgll) (mg/0 '· (mgJJ) {mg/1) (mgll) {1/cm) 

1987 
OCT 7.5 17.0 0.05 27 443 68 71 35 35 0.12 4.12 0.118 
NOV 7.5 14.5 0.10 24 507 70 81 41 50 0.18 4.82 0.138 
DEC 7.5 12.0 0.15 28 495 70 79 40 45 0.16 5.19 0.148 
JAN 7.5 10.0 0.20 23 453 68 72 36 37 0.13 4.92 0.141 
FEB 7.5 12.0 0.15 21 445 68 71 36 32 0.11 5.12 0.146 
MAR 7.5 14.5 0.10 34 478 69 76 38 35 0.12 3.99 0.114 
APR 7.5 17.0 0.05 24 552 72 88 44 69 0.24 3.05 0.087 
MAY 7.5 19.5 0.04 25 640 76 102 51 100 0.35 3.23 0.092 
JUN 7.5 22.5 0.03 24 765 81 122 61 145 0.51 3.50 0.100 
JUL 7.5 25.0 0.02 15 625 75 100 50 127 0.44 3.05 0.087 
AUG 7.5 22.5 0.03 14 781 81 125 63 170 0.60 3.02 0.086 
SEP 7.5 19.5 0.04 14 1,147 96 184 92 271 0.95 3.01 0.086 
1988 
OCT 7.5 17.0 0.05 17 1,283 101 205 103 289 1.01 3.92 0.112 
NOV 7.5 14.5 0.10 19 1,126 95 180 90 236 0.83 3.46 0.099 
DEC 7.5 12.0 0.15 14 493 70 79 39 66 0.23 4.43 0.127 
JAN 7.5 10.0 0.20 16 390 66 62 31 36 0.13 5.07 0.145 
FEB 7.5 12.0 0.15 12 849 84 136 68 180 0.63 3.98 0.114 
MAR 7.5 14.5 0.10 18 861 84 138 69 170 0.60 3.27 0.093 
APR 7.5 17.0 0.05 18 405 66 65 32 41 0.14 3.20 0.092 
MAY 7.5 19.5 0.04 19 586 73 94 47 93 0.32 3.12 0.089 
JUN 7.5 22.5 0.03 20 799 82 128 64 160 0.56 3.41 0.098 
JUL 7.5 25.0 0.02 15 661 76 106 53 139 0.49 3.17 0.091 
AUG 7.5 22.5 0.03 15 896 86 143 72 201 0.70 3.17 0.091 
SEP 7.5 19.5 0.04 14 1,132 95 181 91 264 0.92 3.12 0.089 
1989 
OCT 7.5 17.0 0.05 16 1,359 104 217 109 312 1.09 4.41 0.126 
NOV 7.5 14.5 0.10 16 811 82 130 65 154 0.54 3.29 0.094 
DEC 7.5 12.0 0.15 15 587 73 94 47 90 0.31 4.71 0.135 
JAN 7.5 10.0 0.20 12 713 79 114 57 137 0.48 4.91 0.140 
FEB 7.5 12.0 0.15 13 608 74 97 49 102 0.36 4.48 0.128 
MAR 7.5 14.5 0.10 23 276 61 44 22 20 0.07 2.76 0.079 
APR 7.5 17.0 0.05 17 319 63 51 25 24 0.09 2.93 0.084 
MAY 7.5 19.5 0.04 21 428 67 68 34 46 0.16 3.30 0.094 
JUN 7.5 22.5 0.03 21 472 69 75 38 63 0.22 3.57 0.102 
JUL 7.5 25.0 0.02 14 355 64 57 28 51 0.18 3.11 0.089 
AUG 7.5 22.5 0.03 12 439 68 70 35 75 0.26 3.01 0.086 
SEP 7.5 19.5 0.04 13 430 67 69 34 62 0.22 2.41 0.069 
1990 
OCT 7.5 17.0 0.05 13 536 71 86 43 87 0.30 3.03 0.086 
NOV 7.5 14.5 0.10 13 572 73 92 46 96 0.34 3.34 0.095 
DEC 7.5 12.0 0.15 13 660 76 106 53 117 0.41 5.90 0.169 
JAN 7.5 10.0 0.20 13 401 66 64 32 48 0.17 4.81 0.137 
FEB 7.5 12.0 0.15 13 382 65 61 31 44 0.15 4.01 0.115 
MAR 7.5 14.5 0.10 13 635 75 102 51 114 0.40 2.89 0.083 
APR 7.5 17.0 0.05 13 496 70 79 40 76 0.27 3.73 0.107 
MAY 1.5 19.5 0.04 26 596 74 95 48 71 0.25 3.16 0.090 
JUN 7.5 22.5 0.03 24 610 74 98 49 101 0.36 3.91 0.112 
JUL 7.5 25.0 0.02 15 596 74 95 48 114 0.40 3.45 0.098 
AUG 7.5 22.5 0.03 14 639 76 102 51 126 0.44 3.40 0.097 
SEP 7.5 19.5 0.04 13 1,035 91 166 83 235 0.82 3.34 0.095 
1991 
OCT 7.5 17.0 0.05 21 1,393 106 223 111 297 1.04 5.01 0.143 
NOV 7.5 14.5 0.10 21 1,214 99 194 97 236 0.83 5.99 0.171 
DEC 7.5 12.0 0.15 15 n2 81 123 62 136 0.48 5.80 0.166 
JAN 7.5 10.0 0.20 14 988 90 158 79 192 0.67 7.54 0.215 
FEB 7.5 12.0 0.15 14 658 76 105 53 102 0.36 5.86 0.167 
MAR 7.5 14.5 0.10 18 315 63 50 25 22 0.08 2.84 0.081 
APR 7.5 17.0 0.05 13 831 83 133 66 167 0.59 2.76 0.079 
MAY 7.5 19.5 0.04 27 1,084 93 173 87 217 0.76 3.n 0.108 
JUN 7.5 22.5 0.03 25 1,029 91 165 82 215 0.75 4.27 0.122 
JUL 7.5 25.0 0.02 20 983 89 157 79 206 0.72 4.31 0.123 
AUG 7.5 22.5 0.03 14 1,157 96 185 93 269 0.94 3.89 0.111 
SEP 7.5 19.5 0.04 13 1,100 94 176 88 255 0.89 3.55 0.102 
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Table CS-3. Estimated No-Project Export Water Quality and THM Concentrations and 
Changes Resulting from Operations of OW Alternatives for 1968-1991 

N~.~ Project Altel"natlva 
.. ··· ... .. . .... 

.. ·• · .. ·· ('l.t~riative 2 Changes · ....... ··•· < . ... . ..·.· Alternative 1 Ct;8ri~E!~ .··. 
Cl- ·•• ·• 8t- IJ()c tHM Ci"' .. · er- DOC THM Cl~ •. St..:.. DOC THM 

(mgJi) •• (mg/1) (nig/1) ··~. (lig/1) (rn9fl). (mg/1) (rriQ/1) {ug/1) (mg~f .. (m!;J!I> .. •• (mg!i) (ug/i) .. 

21 0.07 I 3.1 36 1 0.00 (0.0) (0) 1 0.00 (0.0) (0) 
32 0.11 3.2 33 0 0.00 (0.0) (0) 0 0.00 (0.0) (0) 
45 0.16 3.6 32 0 0.00 (0.0) (0) 0 0.00 (0.0) (0) 
20 0.07 3.8 27 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 
20 0.07 3.6 31 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 
17 0.06 2.7 27 (1) (0.00) (0.0) (0) (1) (0.00) (0.0) (0) 
42 0.15 3.4 40 (4) (0.01) (0.1) (1) (3) (0.01) (0.0) (1) 
54 0.19 3.5 50 (12) (0.04) (0.2) (4) (9) (0.03) (0.1) (2) 
48 0.17 3.0 48 2 0.01 0.0 1 2 0.01 0.0 1 
28 0.10 2.7 47 1 0.00 0.0 0 1 0.00 0.0 0 
65 0.23 3.0 48 (14) (0.05) 0.0 (1) (18) (0.06) (0.0) (2) 

120 0.42 3.0 46 2 0.01 0.0 0 2 0.01 0.0 0 

101 0.35 3.4 44 1 0.00 (0.0) (0) 1 0.00 (0.0) (0) 
89 0.31 2.9 33 0 0.00 0.0 0 0 0.00 0.0 0 
28 0.10 4.6 38 1 0.00 (0.8) (6) 1 0.00 (0.8) (6) 
29 0.10 5.2 37 (0) (0.00) (0.1) (0) {0) (0.00) (0.1) (0) 
29 0.10 5.4 46 0 0.00 0.0 0 0 0.00 0.0 0 
26 0.09 3.8 37 0 0.00 0.1 1 {0) (0.00) 0.1 1 
28 0.10 3.9 46 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 
28 0.10 5.5 n 0 0.00 0.0 0 0 0.00 0.0 0 
29 0.10 4.8 78 {1) (0.00) (0.2) (3) (1) (0.00) (0.2) (3) 
41 0.14 3.8 69 (13) (0.05) (0.0) (3) (13) (0.05) (0.0) (3) 
66 0.23 3.3 55 2 0.01 0.0 1 2 0.01 0.0 1 
21 0.07 2.9 38 2 0.01 (0.5) (6 2 0.01 (0.5) (6 

28 0.10 3.9 45 (0) (0.00) (0.0) (0) (0) (0.00) {0.0) (0) 
27 0.09 3.6 36 {0) {0.00) (0.0) (0) {0) (0.00) (0.0) (0) 
23 0.08 4.0 34 {0) {0.00) (0.0) (0) (0) (0.00) (0.0) {0) 
30 0.10 5.4 39 (0) {0.00) 0.0 0 {0) (0.00) 0.0 0 
25 0.09 4.1 34 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 
19 O.o7 2.9 29 (0) (0.00) 0.1 1 {0) (0.00) 0.1 1 
38 0.13 3.9 46 {1) (0.00) (0.0) {0) (3) (0.01) (0.1) (2) 
48 0.17 3.9 55 0 0.00 0.0 0 {6) (0.02) (0.1) {2) 
39 0.14 3.2 50 1 0.00 0.0 1 1 0.00 0.0 1 
20 0.07 2.8 47 1 0.00 {0.0) {0) 1 0.00 (0.0) {0) 
60 0.21 3.2 53 (26) (0.09) (0.1) {4) (20) (0.07) 0.0 {2) 

127 0.45 3.1 49 3 0.01 _ __j().O) _ 0 3 0.01 0.0 0 
-·-

Alternative 3 Changes >·· ... 
Cl- er- DOC fHtJi···· 

(ri'lg/1) (mg/1) (mg/1) {ug/i) •· 

0 0.00 (0.3) (3) 
0 0.00 (0.1) (0)1 
0 0.00 (0.1) {0) 

(0) (0.00) (0.1) (1)1 
(0) (0.00) (0.1) (1) 
{1) (0.00) (0.1) (1)1 
(3) (0.01) (0.1) (1) 
{9) (0.03) (0.2) {4) 
1 0.01 0.0 <~>I 1 0.00 (0.0) 

(27) (0.09) (0.1) {4)1 
(17) (0.06) 0.0 0 

(0)1 1 0.00 (0.0) 
0 0.00 {0.0) {O)! 
3 0.01 (1.1) (8) 

(1) (0.00) (0.2) (1)1 
(0) (0.00) (0.0) {0) 
(0) (0.00) (0.0) (0) 
{0) (0.00) (0.0) (0) 
0 0.00 0.0 0 

{2) {0.01) (0.3) (6) 
(15) (0.05) (0.2) {6)1 
(18) (0.06) 0.1 {1) 

6 0.02 (0.7) {8)1 

(3~1 (1) (0.00) (0.2) 
{0) (0.00) {0.1) {1) 
{0) (0.00) (0.1) (1) 
(0) (0.00) (0.1) (1) 
{0) (0.00) {0.1) {0)' 
(1) (0.00) (0.2) {2) 
(3) (0.01) (0.2) {3) 
{5) (0.02) (0.2) {4) 
1 0.00 0.0 01 
1 0.00 (0.0) {0) 

(30) (0.11) (0.2) {6) 
3 0.01 (0.0) 0 
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. · . . tt~+ Pr9JEi<:t~lter~ti</E; . . ·.····•<· 1 < • < AlterMtiv& 1 changes ·• . .... •···· Ntet~#~ ~ c~94!1f> .· • .. Alterrili.tlvti ~ Chan!;Je8 .•. . ... .· ! 
. . . · ..... I<•••· .· ...... · ·.·.·•· • .... ·········· .. 
water bl"' .. · ..••....••..• St ........ DOC tHM dif••... . Br"" tip¢ THM ce .... Eit"' DOC i'HM Cl .... Br"' DOC tHM.···· 
Y&l!it ··(mgJI)··••····· (m~hr·.•····· (rrigJJ) {Jig/1) ·. · .• til'loJif •··•··.. (mg/1) <¢.~11~ < • (pg/1) <rtiMt ... · (rtisnf (mgti) W~!l) {mgll) (1'119/1) {mg!l) (tig/i) > l 
1971 
OCT 106 0.37 3.4 44 0 0.00 (0.0) (0) 0 0.00 (0.0) (0) 0 0.00 (0.0) (0) 
NOV 24 0.08 3.0 31 1 0.00 (0.5) (4) 1 0.00 (0.5) (4) 3 0.01 (0.7) (7) 
DEC 27 0.09 4.9 41 (1) (0.00) (0.1) (1) (1) (0.00) (0.1) (1) (2) (0.01) (0.3) (3) 
JAN 20 0.07 13.8 27 (0) (0.00) (0.0) (0) (0) (0.00) (0.0) (0) (1) (0.00) (0.1) (1) 
FEB 22 0.08 3.8 32 (4) (0.01) (0.6) (5) (4) (0.01) (0.5) (4) (4) (0.01) (0.6) (5) 
MAR 17 0.06 2.8 28 (2) (0.01) (0.3) (3) (2) (0.01) (0.2) (3) (2) (0.01) (0.3) (3) 
APR 30 0.11 3.4 40 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) (1) 
MAY 24 0.08 3.2 42 (1) (0.00) (0.2) (2) (1) (0.00) (0.2) (2) (2) (0.01) (0.4) (5) 
JUN 18 0.06 3.0 46 0 0.00 0.0 0 0 0.00 0.0 0 0 0.00 0.0 0 
JUL 18 0.06 2.9 49 0 0.00 (0.0) (1) 0 0.00 (0.0) (1) 0 0.00 (0.0) (1) 
AUG 59 0.20 3.3 54 (28) (0.10) (0.4) (9) (27) (0.10) (0.3) (8) (30) (0.10) (0.4) (9) 
SEP 55 0.19 2.9 40 1 0.00 (O.Ql_ JO 1 0.00 {0.0) (0 (9) (0.03) (0.1) (1) 
1972 
OCT 37 0.13 3.4 40 13 0.04 (0.4) (4) 13 0.04 (0.4) (4) 12 0.04 (0.4) (4) 
NOV 49 0.17 3.6 38 6 0.02 (0.1) (0) 6 0.02 (0.1) (0) 6 0.02 (0.1) (1) 
DEC 24 0.09 4.1 34 0 0.00 (0.4) (3) 1 0.00 (0.4) (3) 4 0.01 (0.8) (6) 
JAN 27 0.10 4.3 31 1 0.00 (0.1) (1) 0 0.00 (0.1) (0) 2 0.01 (0.1) (1) 
FEB 21 0.07 4.0 33 (0) (0.00) (0.0) (0) (1) (0.00) (0.4) (3) (2) (0.01) (0.5) (4) 
MAR 19 0.07 3.3 33 (0) (0.00) 0.0 0 (1) (0.00) (0.1) (1) (1) (0.00) (0.2) (2) 
APR 44 0.15 4.5 54 (5) (0.02) (0.3) (5) (4) (0.01) (0.3) (4) (4) (0.01) (0.4) (5) 
MAY 52 0.18 3.6 50 (4) (0.01) (0.0) (0) (3) (0.01) (0.0) (0) (2) (0.01) (0.1) (1) 
JUN 47 0.16 3.3 53 1 0.00 (0.1) (1) 1 0.00 (0.1) (1) 0 0.00 (0.4) (7) 
JUL 29 0.10 2.9 50 1 0.00 (0.0) (1) 1 0.00 (0.0) (0) 1 0.00 (0.0) (1) 
AUG 33 0.12 2.9 45 1 0.00 (0.0) (0) 1 0.00 (0.0) (0) 2 0.01 (0.0) (0) 
SEP 125 0.44 3.1 49 (47) (0.16) 0.1 (2 (45) (0.16) 0.1 (2 (64) (0.22) _(0.0) (5) 
1973 
OCT 88 0.31 2.8 36 0 0.00 (0.0) 0 0 0.00 (0.0) 0 (6) (0.02) 0.0 0 
NOV 24 0.08 3.1 32 0 0.00 (0.5) (4) 0 0.00 (0.5) (4) 2 0.01 (0.7) (6) 
DEC 23 0.08 4.4 37 (1) (0.00) (0.1) (1) (0) (0.00) (0.1) (1) (1) (0.00) (0.4) (3) 
JAN 28 0.10 5.6 40 (1) (0.00) (0.1) (1) (1) (0.00) (0.1) (1) (1) (O.oo)· (0.2) (1) 
FEB 23 0.08 4.3 36 (0) (0.00) (0.0) (0) (0) (0.00) (0.0) (0) (0) (0.00) (0.1) (1) 
MAR 26 0.09 3.9 39 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.1) (1) 
APR 31 0.11 3.5 41 (0) (0.00) 0.0 0 (0) . (0.00) 0.0 0 (0) (0.00) (0.0) (0) 
MAY 29 0.10 3.5 47 (1) (0.00) (0.2) (3) (1) (0.00) (0.2) (3) (2) (0.01) (0.4) (5) 
JUN 26 0.09 3.2 49 (1) (0.00) (0.1) (1) (6) (0.02) (0.2) (4) (6) (0.02) (0.3) (6) 
JUL 18 0.06 2.8 47 0 0.00 0.0 0 0 0.00 0.0 0 0 0.00 0.0 0 
AUG 69 0.24 3.2 54 (27) (0.10) (0.1) (4) 2 0.01 0.0 1 (24) (0.08) (0.1) (4) 
SEP 119 0.42 3.0 47 2 0.01 

-
(0.0)_ 0 2 0.01 0.0 0 2 0.01 (0.0) 0 
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\\later ·· 
Y~ ... · 

1974 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1975 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
1976 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

.··•···• •. • •. NQ"" F'roj~t ,&,lttiihi!~Ve • ••• ... ··•·· .· ~ I 
ci-·· ... er:.: •.... poe *'M.· •·· d1"' 

(mg!l) .··•··· <tri~N··•·• (rn~Mt . •• .. < ~gil) I <m~Jn> . 

81 0.29 2.5 32 0 
18 0.06 I 3.0 30 (2) 
24 0.08 4.5 37 (0) 
25 0.09 4.8 35 (1) 
20 0.07 3.6 31 (0) 
18 0.06 3.1 31 (0) 
26 0.09 3.5 40 (0) 
26 0.09 3.5 47 0 
22 0.08 3.2 50 0 
28 0.10 3.1 53 (9) 
59 0.21 3.3 54 (2) 
25 0.09 2.8 37 12 

21 0.07 3.2 37 .2 
30 0.11 3.5 36 1 
30 0.11 4.2 36 0 
45 0.16 4.7 34 0 
26 0.09 4.5 38 (0) 
20 0.07 3.5 35 (1) 
28 0.10 3.5 41 0 
25 0.09 3.5 47 (0) 
19 0.06 3.1 47 0 
26 0.09 3.0 51 (3) 
63 0.22 3.4 55 (19) 
43 0.15 2.9 40 5 

20 0.07 2.7 32 2 
24 0.08 3.5 35 1 
50 0.18 5.6 49 (7) 
69 0.24 6.8 52 (25) 
29 0.10 4.8 41 (0) 
35 0.12 4.1 42 0 
63 0.22 4.0 51 0 
68 0.24 3.5 51 2 
54' 0.19 3.1 51 2 
59 0.21 3.0 54 4 

175 0.61 3.7 73 7 
255 0.89 3.3 60 5 

Table CS-3. Continued 

P,lterhlltil/$ 1 CNlr19# . Alt&r~tN~ ? c:;t;Mges 
Eir~ DOC THM oF' aw <> ooc 

(mgm rri/J .<... gJ •.• ~g/1) (mgm •... ·.... ~rriPN ..•. . . ~mgll> 

0.00 0.0 0 0 0.00 0.0 
(0.01) (0.5) (5) (2) (0.01) (0.5) 
(0.00) (0.1) (0) (0) (0.00) (0.1) 
(0.00) (0.0) (0) (0) (0.00) (0.0) 
(0.00) (0.0) (0) (0) (0.00) (0.0) 
(0.00) 0.1 1 (0) (0.00) 0.1 
(0.00) 0.0 0 (0) (0.00) 0.0 
0.00 0.0 0 0 0.00 0.0 
0.00 0.0 0 (4) (0.01) (0.1) 
(0.03) (0.1) (3) (4) (0.01) 0.1 
(0.01) 0.0 0 2 0.01 0.0 
0.04 (0.4) (4 12 0.04 _{0.4) 

0.01 (0.2) (2) 2 0.01 (0.2) 
0.00 (0.0) (0) 1 0.00 (0.0) 
0.00 (0.1) (1) 0 0.00 (0.1) 
0.00 (0.1) (0) 0 0.00 (0.1) 

(0.00) (0.0) (0) (0) (0.00) (0.0) 
(0.00) (0.1) (1) (1) (0.00) (0.1) 
0.00 0.0 0 0 0.00 0.0 

(0.00) (0.0) (0) (0) (0.00) (0.0) 
0.00 0.0 0 (0) (0.00) (0.1) 
(0.01) (0.1) (2) (2) (0.01) (0.0) 
(0.07) (0.1) (4) (12) (0.04) 0.0 
0.02 _10.1} (2\ 5 0.02 (0.1) 

0.01 (0.4) (4) 2 0.01 (0.4) 
0.00 (0.0) (0) 1 0.00 (0.0) 

(0.03) (0.7) (7) (5) (0.02) (0.5) 
(0.09) (1.8) (15) (25) (0.09) (1.8) 
(0.00) (0.0) (0) (1) (0.00) (0.2) 
0.00 0.1 1 0 0.00 0.1 
0.00 0.1 1 0 0.00 0.1 
0.01 0.1 3 2 0.01 0.1 
O.D1 0.1 2 2 0.01 0.1 
0.01 0.1 3 4 0.01 0.1 
0.02 0.1 3 7 0.02 0.1 
0.02 0.1 2 5 0.02 0.1 

.· Alterr~&:tive 3 Changes .••• ·j 

Ti-iM t:i ... Eir'"' DOC 'rHM. 
·. (Ug/1) (mg/1) (mg/1) (mg/1) .· (l.lgtl)< 

0 0 0.00 (0.0) (0) 
(5) (3) (0.01) (0.7) (7) 
(0) (1) (0.00) (0.3) (2) 
(0) (1) (0.00) (0.1) (2) 
(0) (0) (0.00) (0.1) (1) 
1 (0) (0.00) (0.0) (0) 
0 (0) (0.00) (0.0) (0) 
0 (0) (0.00) (0.0) (0) 

(2) (4) (0.01) (0.2) (5) 
0 (8) (0.03) (0.2) (4) 
0 (2) (0.01) 0.1 1 

_(4 12 0.04 (0.4) (4 

(2) 5 0.02 (0.6) (6) 
(0) 2 0.01 (0.1) (1) 
(1) 0 0.00 (0.1) (1) 
(0) 0 0.00 (0.1) (1) 
(0) (0) (0.00) (0.1) (1) 
(1) (1) (0.00) (0.2) (2); 
0 0 0.00 (0.0) (0) 

(0) (0) (0.00) (0.1) (1) 
(1) (0) (0.00) (0.1) (1) 
(1) (3) (0.01) (0.1) (3): 
(1) (28) (0.10) (0.3) (7) 
(2 6 0.02 (0.1} (2}1 

(4) 6 0.02 (0.6) (7)' 
(0) 2 0.01 (0.2) (2) 
(5) (4) (0.02) (0.5) (5) 

(15) (25) (0.09) (1.9) (16) 
(1) (5) (0.02) (0.9) (8) 
1 (5) (0.02) (0.5) (5) 
1 (2) (0.01) (0.2) (3)! 
2 2 0.01 0.0 0 
2 2 0.01 0.0 1 
3 4 0.01 0.1 2 
3 7 0.02 0.1 2' 

2 5 0.02 0.1 1 



Table C5-3. Continued 

.. ·• · • No;- Project Altermtive .. .... •.••. 3. . . . Alt&rhl!ltille 1 Change$ 
····~ ·...... .·· .· ...... ·. 

. . •··. Alti!t'ilativlil2 Changes Alternative 3 Change& 

water··· 1 
ci- Br" DOC tHM •·•··· .. Ci:;;;; er- DOC lHM cl-- er+ boo THM Cit"" er- DOC THM 

Year I (rngllf (mg/1) (i'ng/1) ~g/1)·. ... <llliW . (mg/1). (frig/i) {pg/1) (rl'lg/1)/ (n'ltJ/1) (mg/1) (Ug/1) (mgfi) (mg/1) (mg/i) (Lig~) . 

1977 
OCT 271 0.95 3.9 63 2 0.01 0.1 1 2 0.01 0.1 1 2 0.01 0.0 1 
NOV 172 0.60 4.3 54 1 0.00 0.1 1 1 0.00 0.1 1 1 0.00 0.0 0 
DEC 72 0.25 4.9 44 (0) (0.00) (0.0) (0) 0 0.00 (0.0) (0) (0) (0.00) (0.1) (1) 
JAN 144 0.51 I 6.1 51 1 0.00 0.2 2 1 0.00 0.2 2 1 0.00 0.0 0 
FEB 68 0.24 4.6 42 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
MAR n 0.27 3.6 40 1 0.00 0.4 4 1 0.00 0.4 4 0 0.00 0.1 1 
APR 81 0.28 5.2 67 2 0.01 0.4 6 2 0.01 0.4 6 2 0.01 0.2 3 
MAY 126 0.44 3.8 60 3 0.01 0.4 7 3 0.01 0.4 7 3 0.01 0.3 5 
JUN 142 0.50 5.0 97 3 0.01 0.7 15 3 0.01 0.7 15 4 0.01 0.6 11 
JUL 179 0.63 4.5 99 21 0.07 0.5 15 21 0.07 0.5 15 21 0.07 0.5 13 
AUG 248 0.87 5.6 124 16 0.06 0.7 19 16 0.06 0.7 19 17 0.06 0.7 17 
SEP 285 1.00 3.7 69 7 0.02 0.2 4 7 0.02 0.2 4 7 0.02 0.2 4 
1978 
OCT 300 1.05 4.9 84 4 0.01 0.1 3 4 0.01 0.1 3 4 0.01 0.1 2 
NOV 314 1.10 3.9 57 (0) (0.00) 0.3 4 (0) (0.00) 0.3 4 0 0.00 0.2 2 
DEC 104 0.37 4.4 42 1 0.00 0.1 1 1 0.00 0.1 1 0 0.00 0.0 (0) 
JAN 57 0.20 5.7 43 (9) (0.03) (0.9) (7) (9) (0.03) (0.9) (7) (13) (0.05) (1.3) (10) 
FEB 37 0.13 4.2 36 (1) (0.00) (0.0) (0) (1) (0.00) (0.0) (0) (2) (0.01) (0.2) (2) 
MAR 27 0.10 3.5 35 (0) (0.00) 0.1 0 (0) (0.00) 0.1 0 (1) (0.00) (0.1) (1) 
APR 27 0.10 3.4 40 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) (1) 
MAY 30 0.11 3.5 47 0 0.00 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) (0) 
JUN 40 0.14 3.5 56 (1) (0.00) 0.1 1 (11) (0.04) 0.5 7 (13) (0.05) 0.2 2 
JUL 49 0.17 3.6 64 (19) (0.07) 1.0 17 1 0.00 0.1 2 (12) (0.04) 0.5 10 
AUG 84 0.29 3.5 59 2 0.01 0.0 1 3 0.01 0.1 1 2 0.01 0.0 1 
SEP 85 0.30 2.9 43 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 0.0 0 
1979 
OCT 42 0.15 3.6 42 11 0.04 (0.5) (5) 11 0.04 (0.5) (5) 10 0.04 (0.5) (6) 
NOV 51 0.18 3.0 32 9 0.03 (0.0) 0 9 0.03 (0.0) 0 9 0.03 (0.1) (0) 
DEC 109 0.38 5.3 50 (47) (0.16) (1.2) (14) (47) (0.16) (1.1) (13) (46) (0.16) (1.3) (14) 
JAN 34 0.12 5.0 36 (5) (0.02) (0.8) (5) (5) (0.02) (0.8) (5) (6) (0.02) (1.2) (8) 
FEB 31 0.11 4.5 38 (0) (0.00) (0.0) (0 (0) (0.00) (0.0) (0) (1) (0.00) (0.2) (2) 
MAR 22 0.08 3.0 31 (0) (0.00) 0.1 1 (0) (0.00) 0.1 1 (0) (0.00) (0.0) (0) 
APR 33 0.11 3.5 41 (0) (0.00) (0.0) (0) (0) (0.00) (0.0) (0) (0) (0.00) (0.1) (1) 
MAY 32 0.11 3.5 48 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) (0) 
JUN 26 0.09 3.2 49 (1) (0.00) (0.0) (0) (6) (0.02) (0.1) (1) (6) (0.02) (0.1) (2) 
JUL 41 0.14 2.9 51 (11) (0.04) 0.0 (1) (2) (0.01) 0.1 1 (10) (0.04) (0.0) (1) 
AUG 97 0.34 3.4 59 (8) (0.03) 0.1 1 3 0.01 0.0 2 (5) (0.02) 0.1 2 
SEP 165 0.58 3.2 52 3 0.01 0.0 1 3 0,01 0.0 1 3 0.01 0.0 1 

----- --
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Table C5-3. Continued 

' :' "'·'' ·... ' . . ··'· ,· I ., .......... , •••••• ~terhativiii 1 Qt;#Hij# · · .·,· •··•'· At~t!tl'lel~ ~ Cfian9es Alti!ti'llitiW 3 Cha el!l ~~~ Pt(;j~t Alterhl!ltiVii! , . > . ,...... ng 

WittE!!'',·.·' bi". > Bi"'" ooc·< tHM Ct"' er- ooc fi.IM 61"" er~ boo THM ci~ er- DOC fuM 
Year (mg/1) , • • .•... ,. (rng/1) (mg/1).,., (fl9fi) <rri911). • ... , •... ·. (mg/1) (fT\g/1) fjlg/1) <m9m .• ,. (rng!i) 

··. ·' .· , .. · (ii'lg/1) fjlg/1) (Jlig/1) (mg/1) {mg/1) (l.igh) 

1980 
OCT 166 0.58 3.0 44 (0) (0.00) 0.0 0 0 0.00 0.0 0 0 0.00 0.0 0 
NOV 47 0.17 I 3.2 33 11 0.04 (0.4) (4) 11 0.04 {0.4) (4) 10 0.04 (0.5) (4)1 
DEC 29 0.10 4.1 34 2 0.01 (0.3) (2) 2 0.01 (0.3) {2 5 0.02 (0.8) (5) 
JAN 35 0.12 5.5 40 (0) (0.00) (0.0) (0) (0) {0.00) (0.0) (0) (0) (0.00) (0.1) (1)! 
FEB 29 0.10 5.3 45 0 0.00 0.0 0 0 0.00 0.0 0 (0) (0.00) (0.0) (0) 
MAR 28 0.10 5.5 56 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 <~>I APR 33 0.11 3.7 43 0 0.00 0.0 1 (1) (0.00) (0.0) (1) (1) (0.00) {0.1) 
MAY 35 0.12 3.9 53 (2) (0.01) (0.3) (4) {3) (0.01) (0.3) (5) (5) (0.02) (0.5) ~I JUN 44 0.16 3.7 60 (2) (0.01) (0.1) (1) (4) (0.02) (0.0) (1) (12) (0.04) (0.4) 
JUL 48 0.17 3.7 67 (9) (0.03) {0.0) (2) 1 0.01 0.1 1 1 0.00 0.0 

~I AUG 79 0.28 3.6 60 3 0.01 0.0 1 3 0.01 0.0 1 3 0.01 0.0 
SEP 71 0.25 3.1 45 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 0.0 0 
1981 
OCT 41 0.14 3.8 45 11 0.04 (0.5) (5) 11 0.04 (0.5) (5) 10 0.04 (0.5) (5) 
NOV 59 0.21 4.3 45 6 0.02 (0.1) {0) 6 0.02 (0.1) (0) 7 0.02 (0.1) (1) 
DEC 49 0.17 4.5 39 8 0.03 (0.3) (2) 8 0.03 (0.3) (2) 9 0.03 (0.4) (3) 
JAN 28 0.10 4.9 35 0 0.00 (0.0) (0) 0 0.00 (0.0) (0) (2) (0.01) (0.6) (4) 
FEB 23 0.08 3.6 30 (0) (0.00) 0.0 0 0 0.00 (0.1) (1) (1) (0.00) {0.2) (1) 
MAR 20 0.07 3.1 31 (0) (0.00) 0.0 0 (1) (0.00) (0.0) {0) (1) (0.00) (0.2) (2) 
APR 37 0.13 3.2 39 (1) (0.00) 0.1 0 {1) (0.00) 0.1 0 {2) (0.01) (0.0) {1) 
MAY 56 0.20 3.6 52 (9) (0.03) 0.1 (0) {8) (0.03) 0.0 {0) (8) (0.03) (0.1) {2) 
JUN 60 0.21 3.3 54 1 0.01 (0.1) (3 1 0.01 (0.1) {3) 1 0.00 {0.2) (3) 
JUL 35 0.12 2.9 50 1 0.00 0.0 0 1 0.00 0.0 0 2 0.01 (0.0) (1) 
AUG 78 0.27 3.1 53 (14) (0.05) 0.2 2 (20) (0.07) 0.2 2 (31) (0.11) 0.1 (0) 
SEP 160 0.56 3.3 53 4 0.01 0.0 0 4 0.01 0.0 0 (23) (0.08) 0.2 2 
1982 
OCT 131 0.46 2.8 38 0 0.00 0.0 0 0 0.00 0.0 0 0 0.00 {0.0) (0) 
NOV 17 0.06 2.7 28 {2) (0.01) (0.5) (5) {2) (0.01) (0.5) {5) (3) (0.01) (0.7) (7) 
DEC 22 0.08 4.1 34 {1) (0.00) (0.1) (1) {1) (0.00) (0.1) (1) (2) (0.01) (0.3) {2)1 
JAN 33 0.12 5.8 42 (1) (0.00) {0.2) (2) {1) (0.00) {0.1) {1) (1) {0.00) (0.2) {2)1 
FEB 25 0.09 4.3 36 (0) {0.00) {0.0) (0) (0) (0.00) (0.0) {0) {0) {0.00) (0.1) {1) 
MAR 29 0.10 4.8 49 {0) (0.00) 0.1 1 {0) {0.00) 0.1 1 {0) (0.00) {0.0) <~>I APR 27 0.09 5.7 68 0 0.00 0.0 1 0 0.00 0.0 1 0 0.00 0.0 
MAY 29 0.10 5.5 76 0 0.00 0.0 1 0 0.00 0.0 1 0 0.00 0.0 0 
JUN 25 0.09 3.7 57 0 0.00 0.0 0 0 0.00 0.0 0 0 0.00 0.0 0: 

JUL 35 0.12 3.4 60 {9) (0.03) (0.2) {4) (9) {0.03) (0.2) (5) {9) {0.03) (0.3) (7)1 
AUG 56 0.20 3.1 51 (8) (0.03) 0.0 (1) (8) {0.03) 0.0 (1) {22) (0.08) (0.2) (5) 
SEP 24 0.08 3.1 40 (2) (0.01) (0.5) liD ·-

_{2) - (0.01) (0.5) (6) (1) (0.00) (0.6) (8) 
------
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•••. ~~.iJ:Ir6J8g~A,~t1A~v~· 
·.· .. ·. . . ... 

.... .. .. . c. < . · • t\lter~tiy& 1 <Jfiiirs# ... •.. . Al~!ir®tl<.t~ ? PbM9# 
··.····• . 

Altt!fnatlve 3 Changes · .. . •... I 
Wa1~t.•··•·· 

.· .··(:~~i······················tt~}··········· 
ooq· · . tHM · > ¢h .· .l3r""•• .·····• ooo .......... THM ¢l"t er--'· .. ·.· ·. fib¢.. "T"H~ Clc; Br"" DOC tHM.·.·• 

y~> (mQN · (IJ~m .. @~At ... ·.· .. (trig!l) ·. ..<MMt• (JJgti) ... (ffl9{i) • . til'iQnt @gm ·•·· fHijN. {lijgti} .· (mgtll (Mg/1). · w~M! 
1983 
OCT 30 0.10 4.6 55 (0) (0.00) (0.0) (0) (0) (0.00) (0.0) (0) (0) (0.00) (0.0) (0) 
NOV 28 0.10 4.1 41 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) (0) 
DEC 31 0.11 5.7 48 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) 0 
JAN 30 0.10 5.8 41 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
FEB 23 0.08 I 6.2 51 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
MAR 21 0.07 6.4 64 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
APR 24 0.08 5.9 71 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
MAY 25 0.09 5.8 81 0 0.00 0.0 0 0 0.00 0.0 0 0 0.00 0.0 0 
JUN 24 0.09 5.9 95 0 0.00 0.0 0 0 0.00 0.0 0 0 0.00 0.0 0 
JUL 29 0.10 5.3 95 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) 0 
AUG 31 0.11 3.5 55 1 0.00 (0.0) (0) 1 0.00 (0.0) (0) 1 0.00 (0.0) (1) 
SEP 29 0.10 4.3 58 (0) tO.OO) (0.0) (0 (0) (0.00) (0.0) (0 (0) (0.00) (0.0) (0) 
1984 
OCT 30 0.10 5.3 64 (0) (0.00) (0.0) 0 (0) (0.00) (0.0) 0 (0) (0.00) (0.0) (0) 
NOV 28 0.10 4.8 48 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.0) (0) 
DEC 30 0.10 5.7 48 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
JAN 27 0.09 5.6 40 0 0.00 0.1 1 0 0.00 0.1 1 0 0.00 0.0 0 
FEB 27 0.09 4.6 39 (0) (0.00) 0.0 0 (0) (0.00) 0.0 0 (0) (0.00) (0.1) (1) 
MAR 24 0.09 3.6 36 (0) (0.00) 0.1 1 (0) (0.00) 0.1 1 (0) (0.00) (0.0) (0) 
APR 33 0.12 3.9 46 (0) (0.00) 0.0 0 (1) (0.00) 0.0 0 (1) (0.00) (0.0) (1) 
MAY 38 0.13 3.9 53 0 0.00 0.0 1 (3) (0.01) 0.0 0 (2) (0.01) (0.0) (1) 
JUN 33 0.12 3.3 52 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 0.0 0 
JUL 21 0.07 2.9 49 (1) (0.00) 0.0 1 (1) (0.00) 0.1 1 (0) (0.00) 0.0 0 
AUG 62 0.22 3.4 57 (23) (0.08) 0.3 2 (19) (0.07) 0.3 3 (29) (0.10) 0.4 4 
SEP 64 0.22 2.9 42 1 0.00 (0.0) 0 1 0.00 (0.0) 0 1 0.00 (0.0) 0 
1985 
OCT 33 0.11 2.9 34 10 0.04 (0.4) (4) 10 0.04 (0.4) (4) 10 0.03 (0.4) (4) 
NOV 21 0.07 3.2 32 (1) (0.00) (0.1) (1) (1) (0.00) (0.1) (1) (3) (0.01) (0.5) (5) 
DEC 25 0.09 4.4 37 (0) (0.00) (0.0) (0) (0) (0.00) (0.0) (0) (0) (0.00) (0.1) (1) 
JAN 47 0.16 4.5 33 (0) (0.00) (0.0) (0) (1) (0.00) (0.1) (1) (1) (0.00) (0.2) (1) 
FEB 25 \ 0.09 4.0 34 (0) (0.00) (0.0) 0 (3) (0.01) (0.7) (5) (5) (0.02) (0.9) (7) 
MAR 24 0.08 2.9 30 0 0.00 0.1 1 (0) (0.00) 0.1 1 (4) (0.01) (0.3) (3) 
APR 56 0.19 3.7 46 (9) (0.03) (0.1) (3) (1) (0.00) 0.0 0 (1) (0.00) (0.1) (1) 
MAY 38 0.13 3.6 49 (2) (0.01) (0.1) (1) 0 0.00 0.1 1 0 0.00 0.0 0 
JUN 54 0.19 3.5 57 2 0.01 0.0 1 2 0.01 0.1 1 2 0.01 0.0 1 
JUL 35 0.12 3.0 52 1 0.00 (0.0) 0 1 0.00 0.0 1 2 0.01 (0.0) 0 
AUG 50 0.17 3.1 49 (5) (0.02) (0.0) (1) 1 0.01 0.0 1 2 0.01 0.0 1 
SEP 136 0.48 3.3 53 (30) _{().11) - 0.1 (2) 3 0.01 0.0 1 3 0.01 0.0 0 
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. ·. .·· . 

No"' F>roJeetAiterh8tiv~ . .Aiterhativ& 1 Cl"iEtii9~ AJ~~r~~ye ~ l:;:tianSEis .. Alternative 3 Changes .,· . ·'·' . .. . .. ... . .... 

water 61..; ,·.·.··•,· er~ DOC THM Cl"" er- 000 tHM bl"' Bt" DOC THM c1- er- DOC THM 
Yeat (mg/1) (mg!l) (rng/1) (IJgti) (riig/1) <rnsm . <rMm (IJg/1) <n-t9(i) (tfi~/1) ••. (mg/1) CUS/1) (ITlg/1) (rng/1) (mgll) (Ugti),>. 

1986 I 

OCT 122 0.43 3.4 46 0 0.00 (0.0) (1) 0 0.00 0.0 0 1 0.00 0.0 0 
NOV 110 0.39 I 3.2 37 0 0.00 0.0 0 0 0.00 0.1 1 0 0.00 0.0 1 
DEC 59 0.21 4.8 42 2 0.01 (0.1) (1) 2 0.01 (0.1) (1) 2 0.01 (0.2) (2) 
JAN 31 0.11 5.5 39 3 0.01 (0.7) (5) 3 0.01 (0.7) (5) 3 0.01 (0.8) (6) 
FEB 28 0.10 5.2 44 (0) (0.00) 0.0 0 0 0.00 0.0 0 (0) (0.00) (0.0) (0) 
MAR 27 0.09 5.8 59 0 0.00 0.1 2 0 0.00 0.1 2 0 0.00 0.0 0 
APR .29 0.10 5.2 62 0 0.00 0.0 1 0 0.00 0.0 1 (0) (0.00) 0.0 0 
MAY 36 0.13 4.1 56 (0) (0.00) 0.0 0 (7) (0.02) 0.4 6 (7) (0.02) 0.1 1 
JUN 43 0.15 3.7 59 1 0.00 (0.0) (0) 1 0.00 (0.0) (0) (13) (0.05) 0.3 3 
JUL 34 0.12 3.2 56 (9) (0.03) 0.2 1 1 0.00 (0.2) (3) 1 0.00 (0.2) (4) 
AUG 69 0.24 3.5 58 2 0.01 0.0 1 2 0.01 0.1 1 2 0.01 0.0 1 
SEP 116 0.41 3.1 47 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 0.0 0 
1987 
OCT 105 0.37 4.2 57 1 0.00 (0.0) 0 1 0.00 0.0 0 1 0.00 (0.0) (0) 
NOV 98 0.34 4.6 52 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 (0.0) (1) 
DEC 117 0.41 5.5 52 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 (0.0) (1), 
JAN 87 0.30 4.7 36 0 0.00 0.1 1 1 0.00 0.1 1 0 0.00 (0.0) (0) 
FEB 32 0.11 4.6 38 0 0.00 0.1 1 0 0.00 0.1 1 (0) (0.00) 0.0 0 
MAR 19 0.07 3.2 32 (1) (0.00) (0.1) (1) (1) (0.00) (0.1) (1) (1) (0.00) (0.2) (2) 
APR 42 0.15 3.3 40 (7) (0.02) 0.4 4 (5) (0.02) 0.4 5 (4) (0.02) 0.3 41 
MAY 53 0.18 3.4 47 (0) (0.00) 0.2 3 (3) (0.01) 0.4 5 (2) (0.01) 0.4 6, 
JUN 57 0.20 3.3 53 2 0.01 0.1 1 2 0.01 0.1 1 2 0.01 0.1 1 
JUL 35 0.12 2.8 49 1 0.00 0.0 0 1 0.00 0.0 1 2 0.01 (0.0) 0 
AUG 60 0.21 3.0 48 2 0.01 0.0 2 2 0.01 0.0 2 2 0.01 0.0 

~I SEP 153 0.54 3.2 52 3 0.01 0.0 1 3 0.01 0.1 1 4 0.01 0.1 
1988 
OCT 171 0.60 3.8 55 1 0.00 0.0 1 1 0.00 0.0 1 1 0.00 0.0 oi 
NOV 155 0.54 3.3 40 0 0.00 0.1 1 0 0.00 0.1 2 0 0.00 0.1 1 I 

DEC 67 0.23 4.2 38 1 0.00 0.0 0 1 0.00 0.0 0 1 0.00 (0.0) (0)1 
JAN 27 0.09 5.0 35 (3) (0.01) (0.9) (6) (3) (0.01) (0.9) (6) (4) (0.01) (1.3) (9) 
FEB 28 0.10 4.1 35 0 0.00 0.0 0 (9) (0.03) (0.2) (3) (10) (0.03) (0.6) (5) 
MAR 51 0.18 3.5 37 (0) (0.00) 0.2 2 (0) (0.00) 0.2 2 (16) (0.06) (0.0) (1) 
APR 72 0.25 4.1 52 (14) (0.05) 0.1 (1) (0) (0.00) 0.1 2 (0) (0.00) (0.0) (O)' 
MAY 72 0.25 3.6 52 (9) (0.03) 0.1 2 2 0.01 0.1 3 2 0.01 0.1 1 
JUN 56 0.20 3.2 53 1 0.00 0.0 0 2 0.01 0.1 1 1 0.01 0.0 0 
JUL 62 0.22 3.1 57 (19) (0.07) 0.3 4 3 0.01 (0.0) (0) 5 0.02 (0.3) (6) 
AUG 156 0.54 3.6 68 6 0.02 0.0 2 6 0.02 0.1 3 6 0.02 0.1 2! 
SEP 255 0.89 3.8 70 6 0.02 0.0 1 7 0.02 0.1 2 7 0.02 0.1 1 
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water' ci.;. aft·'• oac:; tl-iM•· .· 6tf' Br-' tibb . lHM . . Cl'"' Bi-'-' > ·' DO¢ . tHM cw- er- DOC tHM 
Y$& (m9h) • ··•• '···••'•• tm9AV (1119!1) .• ,.. (li~& ... <~s~) . . (msm ·.·· · .. · . . (rlls!l) .·, wem ' (rilsm ..... tMQN . (mg/1) we~) ·. (thg/1) (mg/1) (mgll) QllJ/1) 
1989 
OCT 276 0.97 4.8 81 3 0.01 0.0 1 3 0.01 0.1 1 3 0.01 0.0 1 
NOV 210 0.74 3.4 44 0 0.00 0.1 1 0 0.00 0.1 2 0 0.00 0.1 1 
DEC 130 0.46 4.8 47 1 0.00 0.0 0 1 0.00 0.1 1 1 0.00 (0.0) (0) 
JAN 98 0.34 ,5.1 40 0 0.00 0.0 0 0 0.00 0.1 1 0 0.00 (0.0) (0) 
FEB 60 0.21 4.5 40 0 0.00 0.1 1 0 0.00 0.1 1 (0) (0.00) 0.0 0 
MAR 16 0.06 2.6 27 (2) (0.01) (0.4) (4) (2) (0.01) (0.4) (4) (2) (0.01) (0.5) (5) 
APR 30 0.11 3.4 39 (0) (0.00) 0.0 0 0 0.00 0.0 0 (0) (0.00) (0.0) (0) 
MAY 39 0.14 3.6 50 (6) (0.02) (0.1) (3) (4) (0.01) (0.0) (2) (4) (0.01) (0.1) (2) 
JUN 59 0.21 3.5 58 2 0.01 0.0 0 2 0.01 0.0 0 2 0.01 0.0 0 
JUL 35 0.12 3.0 51 2 0.01 0.0 1 2 0.01 0.0 1 2 0.01 0.0 1 
AUG 45 0.16 3.0 47 1 O.Q1 (0.0) (0) 1 0.01 (0.0) (0) 2 0.01 (0.0) (0) 
SEP 145 0.51 2.5 41 (67) (0.24) 0.3 (1 (72) (0.25) 0.4 0 (63) (0.22) 0.6 4 
1990 
OCT 182 0.64 3.6 52 0 0.00 (0.0) (0) 0 0.00 (0.0) (0) 1 0.00 (0.0) (1) 
NOV 195 0.68 4.2 53 (0) (0.00) 0.1 1 (0) (0.00) 0.1 1 0 0.00 (0.0) (0) 
DEC 96 0.33 6.4 61 0 0.00 (0.1) (1) 0 0.00 (0.1) (1) 0 0.00 (0.1) (2) 
JAN 47 0.17 4.8 35 4 0.01 (0.3) (2) 4 0.02 (0.3) (2) 4 0.01 (0.4) (3) 
FEB 35 0.12 4.5 38 1 0.00 (0.0) 0 (1) (0.00) (0.1) (1) (1) (0.00) (0.2) (2) 
MAR 58 0.20 3.2 35 0 0.00 0.2 2 0 0.00 0.2 2 0 0.00 (0.0) (0) 
APR 49 0.17 4.8 59 (3) (0.01) 0.1 1 0 0.00 0.1 2 0 0.00 (0.0) (0) 
MAY 86 0.30 3.5 52 (1) (0.00) 0.3 4 1 0.00 0.1 3 1 0.00 0.1 1 
JUN 55 0.19 3.4 55 2 0.01 0.1 2 2 0.01 0.1 2 2 0.01 0.1 2 
JUL 67 0.23 3.2 59 5 0.02 (0.0) 0 5 0.02 (0.0) 0 5 0.02 (0.0) 0 
AUG 153 0.54 3.7 70 7 0.02 0.1 2 7 0.02 0.1 2 7 0.02 0.1 2 
SEP 248 0.87 3.9 70 6 0.02 0.1 2 6 0.02 0.1 2 6 0.02 0.1 2 
1991 
OCT 2n 0.97 4.8 81 3 0.01 0.1 1 3 0.01 0.1 1 3 0.01 0.1 1 
NOV 258 0.90 5.9 83 2 0.01 0.1 3 2 0.01 0.1 3 2 0.01 0.1 1 
DEC 199 0.70 6.0 64 1 O.Q1 0.1 1 1 0.01 0.1 1 1 0.00 (0.0) (0) 
JAN 159 0.56 6.9 59 0 0.00 0.1 1 1 0.00 0.1 1 0 0.00 (0.1) (0) 
FEB 73 0.25 4.8 43 1 0.00 0.1 1 1 0.00 0.1 1 (0) (0.00) 0.0 0 
MAR 18 0.06 2.7 28 1 0.00 0.1 1 1 0.00 0.1 1 0 0.00 0.0 0 
APR 43 0.15 3.4 41 1 0.00 0.3 4 1 0.00 0.3 4 1 0.00 0.2 2 
MAY 97 0.34 3.8 57 3 0.01 0.3 6 3 0.01 0.3 6 2 0.01 0.3 5 
JUN 61 0.22 3.3 54 2 0.01 0.1 3 2 0.01 0.1 3 2 0.01 0.1 3 
JUL 109 0.38 3.5 70 10 0.03 0.2 6 10 0.03 0.2 6 10 0.03 0.2 5 
AUG 184 0.64 3.8 75 8 0.03 0.2 5 8 0.03 0.2 5 8 0.03 0.2 4 
SEP 247 0.87 3.6 

---
66 6 0.02 

--
0.1__ ____g_ 

---
6 0.02 0.1 2 6 0.02 0.1 2 

Note: Negative values shown in parentheses. 
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Penitencia Water Treatment Plant Process Parameters 
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Figure CS-3. 
Correlation between UV A and DOC in 
Metropolitan Water District Samples 
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Comparison of Simulated and Measured Chlorine Residuals 
at the Penitencia Water Treatment Plant 
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Figure CS-9. 
DeltaDWQ- Estimated Delta Export EC and Chloride 
for 1982-1991. with Historical Inflows and Exports 
Compared with MWQI Grab Samples 
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