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Chapter 3C. Affected Environment and Environmental
Consequences - Water Quality

SUMMARY

The maintenance of beneficial uses of Delta waters depends on the levels of several key water quality variables
(constituent concentrations and other water quality characteristics, such as temperature) in Delta waters.   This chapter
describes those key water quality variables, objectives associated with maintaining beneficial uses of Delta waters,
existing Delta water quality conditions, and impacts of the DW project on levels of key variables in Delta channels and
exports.  Information is also presented on estimated historical Delta water quality conditions to provide a context for
assessing water quality effects of the No-Project Alternative.

Diverting water onto the DW project islands would reduce Delta outflows and could increase salinity in Delta
channels or exports.  Discharges from the DW project islands could contribute to changes in concentrations of water
quality constituents and other variables in Delta channel receiving waters and Delta exports.  Variables that could be
adversely affected are salinity, concentrations of dissolved organic carbon (DOC), temperature, suspended sediments
(SS), dissolved oxygen (DO), and  chlorophyll.  Increases in DOC and salinity could indirectly increase trihalomethanes
(THMs) in treated drinking water supplies that are exported from the Delta.  Also of concern are pollutants that may
remain in some DW island soils as a result of past agricultural and waste disposal activities; if pollutants are present,
they could contaminate stored water that is later discharged into Delta channels.

Water quality impacts of salinity increases were assessed for Chipps Islands, Emmaton, Jersey Point, and Delta
exports (representative of diversions at CCWD Rock Slough intake and SWP Banks and CVP Tracy Pumping Plants).
Water quality impacts of increases in DOC and resulting THM concentrations were assessed for Delta exports.  Impacts
of other variables and potential water pollutants in island soils were assessed qualitatively because quantitative models
for these variables are not presently available.

The 1995 DEIR/EIS analysis found that DW project diversions under Alternative 1, 2, or 3 could result in
significant salinity increases at Chipps Island, Emmaton, and Jersey Point and in Delta exports during periods of low
Delta outflow.  However, the 2000 REIR/EIS analysis found that as a result of incorporation of the FOC terms into
proposed project operations (Alternatives 1 and 2), estimated salinity effects at Chipps Island and in Delta exports
would be less than significant.  All other salinity impacts would be reduced to less-than-significant levels through
adjustments made to DW project diversions based on salinity estimates at these locations with and without DW project
diversions.  DW project discharges under Alternative 1, 2, or 3 could result in significant elevations of DOC
concentrations in Delta exports and elevations of THM concentrations in treated drinking water.  These impacts would
be reduced to less-than-significant levels through adjustments of DW project discharges based on measurements of
DOC and bromide (Br-) in stored water during intended discharge periods and monitoring of channel receiving waters.

DW project discharges under Alternative 1, 2, or 3 could also result in significant changes in other water quality
variables (temperature, SS, DO, and chlorophyll) in Delta channel receiving waters.  This impact would be reduced
to a less-than-significant level through adjustments of DW project discharges based on measurements of these variables
in stored water during intended discharge periods and monitoring in channel receiving waters.  Potential contamination
of stored water by pollutant residues under Alternative 1, 2, or 3 would also be a significant impact.  This impact would
be reduced to a less-than-significant level through assessment and necessary remediation of soil contamination prior
to project implementation to eliminate sources of potential contamination.
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Water quality impacts under cumulative conditions would be similar to the direct and indirect impacts described
above for Alternatives 1, 2, and 3.  Additionally, use of the recreation facilities constructed on the DW project islands
would contribute to pollutant loading in the Delta from regional boating activities.  The potential increase in pollutant
loading from the DW project facilities and boating activities under Alternative 1, 2, or 3, in combination with other
boating facilities in the Delta, is considered a significant and unavoidable cumulative impact.

Implementation of the No-Project Alternative would not result in measurable water quality effects relative to
existing conditions.

CHANGES MADE TO THIS CHAPTER
FOR THE FINAL ENVIRONMENTAL IMPACT STATEMENT

The analysis of DW project effects on water quality was updated in the 2000 REIR/EIS.  The revised analysis
provides new simulation results of project effects on salinity, DOC, and THMs.  The new results are based on updated
simulations of project operations (see Chapter 3A) and incorporation of new information on DOC loading and THM
formation.  This chapter includes the 1995 DEIR/EIS analysis of project effects on water quality followed by the
2000 REIR/EIS analysis.  Additionally, minor changes were made in response to comments received on the
1995 DEIR/EIS and 2000 REIR/EIS.

INTRODUCTION

This chapter assesses the potential impacts of the
DW project alternatives on: 

# levels of Delta water quality variables for
which Delta objectives have been established
(i.e., salinity),

# levels of other water quality variables that
could affect beneficial uses of the Delta, and

# Delta export concentrations of constituents
associated with the quality of water treated for
municipal use.

Some issues related to this water quality
assessment are discussed more fully in other chapters.
Chapter 3A, “Water Supply and Water Project
Operations”, discusses issues related to effects of DW
project operations on water supply available for export
by the CVP and the SWP.  Chapter 3B, “Hydro-
dynamics”, discusses potential DW project effects on
local and net channel flows.  Chapter 3F, “Fishery
Resources”, discusses potential localized and general
fish habitat changes resulting from DW project
operations and project-related changes in outflow and
export.

The DW reservoir islands may be used for water
banking or for storage and discharge of water being

transferred through the Delta by other entities.  The
frequency and magnitude of these uses is uncertain at
this time, and impacts related to these uses would have
to be analyzed separately.  However, the analytical
tools described in this chapter could also be used to
analyze the effects of these uses.

The discussion of water quality in this chapter
includes several terms that may not be familiar to all
readers.  The following are definitions of key terms as
they are used in this document:

# Delta standards.  A general term referring to
all applicable water quality objectives; flow
requirements; and other restrictions on diver-
sions, exports, channel flows, or gate opera-
tions.

# Historical conditions.  The combination of
measured inflows and exports, estimated
channel depletion and Delta outflow,
simulated channel flows, and measured or
simulated EC and other water quality
variables.

# Mixing zone.  A localized region surrounding
a discharge pipe (or diffuser) that is used for
initial mixing and dilution of a discharge with
the channel water.

# Entrapment zone.  An area or zone of the
Bay-Delta estuary where riverine current
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meets upstream-flowing estuarine currents
and variations in flow interact with particle
settling to trap particles.  The entrapment zone
generally corresponds to a surface salinity
(EC) range of 2-10 mS/cm specific
conductance (Kimmerer 1992).

Additional terms are defined below in the section
from the 2000 REIR/EIS entitled “Definition of
Terms”.

AFFECTED ENVIRONMENT

Delta waters serve several beneficial uses, each of
which has water quality requirements and concerns
associated with it.  The Delta is a major habitat area for
important species of fish and aquatic organisms, as well
as a source of water for municipal, agricultural, recrea-
tional, and industrial uses.  Dominant water quality
variables that influence habitat and food-web relation-
ships in the Delta are temperature, salinity, SS (and
associated light levels), DO, pH, nutrients (nitrogen
and phosphorus), DOC, and chlorophyll.  Other key
constituents that are monitored in water for municipal
use are Br- concentrations (measured in raw water) and
concentrations of THMs formed in the disinfection of
water (measured in treated water).  Also of concern in
this water quality assessment are pollutants that may
remain in some DW island soils as a result of past
agricultural and waste disposal activities.  If such
pollutants are present, they may contaminate stored
water that is later released into Delta channels.

Sources of Information

Water Quality Appendices

This chapter is supported by a series of technical
appendices that provide an evaluation of available
Delta water quality data and document methods and
results of impact assessment models used in this
discussion.  Following are descriptions of the
information presented in these water quality
appendices:

# Appendix B2, “Salt Transport Modeling
Methods and Results for the Delta Wetlands
Project”, describes the available Delta salinity
(EC) data and the results of the RMA Delta
hydrodynamic and water quality modeling of

Delta salinity conditions for the
1995 DEIR/EIS.

# Appendix C1, “Analysis of Delta Inflow and
Export Water Quality Data”, describes the
water quality data for Delta inflows and
exports (from DWR’s Municipal Water
Quality Investigations [MWQI] program)
available at the time that the 1995 DEIR/EIS
was prepared and discusses the likely loading
(sources) of salt and DOC in the Delta.  (The
MWQI program is described below.)

# Appendix C2, “Analysis of Delta Agricultural
Drainage Water Quality Data”, describes the
water quality data for Delta agricultural
drainage (MWQI) available at the time that
the 1995 DEIR/EIS was prepared, and
discusses the likely loading (sources) of salt
and DOC from agricultural practices in the
Delta.

# Appendix C3, “Water Quality Experiments on
Potential Sources of Dissolved Organics and
Trihalomethane Precursors for the Delta Wet-
lands Project”, describes several water quality
experiments that were conducted to identify
the likely loading (sources) of salt and DOC
from wetlands in the Delta, including
contributions from vegetative decay and peat
soil oxidation.

# Appendix C4, “DeltaDWQ: Delta Drainage
Water Quality Model”, describes the Delta-
DWQ water quality assessment model, which
was used to evaluate possible effects of DW
project operations on DOC and salinity in
Delta exports for the 1995 DEIR/EIS.

# Appendix C5, “Modeling of Trihalomethane
Concentrations at a Typical Water Treatment
Plant Using Delta Export Water”, describes
the WTP model, which was used in the 1995
DEIR/EIS to evaluate possible effects of DW
project operations on THM concentrations in
treated drinking water from a typical water
treatment plant.

# Appendix C6, “Assessment of Potential
Water Contaminants on the Delta Wetlands
Project Islands”, describes the sampling of
DW islands soils to identify possible sources
of contamination from previous agricultural
activities on the DW islands and discusses
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potential sources of water quality degradation
related to recreational boating and facilities.

# Appendix G from the 2000 REIR/EIS, “Water
Quality Assessment Methods”, describes the
assessment methods used to characterize
existing water quality conditions and to
analyze the potential effects of DW project
operations on water quality for the 2000
REIR/EIS.

The results and conclusions from these technical
water quality appendices are described below under
“Impact Assessment Methodology”.  Details and addi-
tional information about these water quality issues can
be found in the appendices.  All data and model results
in this chapter and the appendices are presented for
water years rather than calendar years (i.e., beginning
in October of the previous calendar year and ending in
September of the specified year).

Agency Water Quality Sampling Programs in the
Delta

State and federal agencies have conducted various
ongoing water quality sampling programs in the Delta.
The following sections review studies that provided
data on key water quality variables used for impact
assessment of the DW project alternatives in the
1995 DEIR/EIS.

Interagency Ecological Program of the Sacra-
mento-San Joaquin Estuary.  The Interagency Ecolo-
gical Program (IEP), previously the Interagency
Ecological Study Program (IESP), was initiated in 1970
by DWR, DFG, Reclamation, and USFWS to provide
information about the effects of CVP and SWP exports
on fish and wildlife in the Bay-Delta estuary.  Other
agencies (e.g., SWRCB, EPA, the Corps, and USGS)
have joined IEP and provide staff members and
funding to assist in obtaining biological, chemical, and
hydrodynamic information about the Bay and Delta.

The fishery and water quality components of IEP
were combined in 1985 to better coordinate investiga-
tions of the Delta food web (Brown 1987).  Further
reorganization of IEP occurred in 1993.  Fishery com-
ponents of IEP were initially designed to document
habitat requirements and general food-web
relationships of estuarine and migratory species.  Water
quality components were focused on salinity and algal
productivity (nutrient) effects.

Agencies participating in IEP conduct extensive
programs of routine sampling, as well as more intensive
special studies, in the Delta.  IEP maintains its data in
EPA’s centralized database (STORET) and other data-
base systems to allow access to and analysis of
collected data.  Annual IEP reports are issued, and
newsletters and annual meetings provide participants
and the interested public with timely information about
study results.

SWRCB Biennial Reports for Clean Water Act
Section 305(b).  SWRCB, in fulfilling requirements of
Section 305(b) of the Clean Water Act, prepares
biennial reports on water quality conditions in
California.  SWRCB’s 1986 report identified
approximately 40 miles of the lower San Joaquin River
from Vernalis to Stockton as a segment that did not
fully support fishery-related designated uses because of
water quality limitations.  The 1988 report did not list
the lower San Joaquin River, but water quality remains
a concern for this river.  In contrast, the Sacramento
River, the largest tributary to the Delta, has relatively
good water quality because of the large amount of
dilution provided by runoff from the watershed and
releases from storage reservoirs.

Municipal Water Quality Investigations Pro-
gram.  DWR’s MWQI program encompasses the
previous Interagency Delta Health Aspects Monitoring
Program (IDHAMP) and Delta Island Drainage Investi-
gations (DIDI).  IDHAMP was initiated by DWR in
1983 to provide a reliable and comprehensive source of
water quality information for judging the suitability of
the Delta as a source of drinking water (DWR 1989).
Issues of concern included sodium, asbestos, and the
potential formation of disinfection byproducts (DBP)
such as THMs in treated drinking water from the Delta.

As the MWQI program has proceeded, assessment
of more water quality constituents has been added.
These constituents include pesticide residues and
concentrations of organic materials and THM
precursors that are contributed to Delta waters from
agriculture drains and from algal biomass in the Delta.
The ionic compositions of inflowing rivers and
exported water have been compared to provide a means
of chemically tracking the movement of water through
the Delta.

MWQI studies have documented that Delta exports
contain relatively high concentrations of DOC, a THM
precursor.  Agricultural drainage discharges containing
natural decomposition products of peat soil and crop
residues are considered dominant sources of DOC in
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Delta waters (DWR 1994).  Additionally, DOC is
contributed to Delta waters by Delta inflows.

The MWQI program has determined that Br- in
Delta water contributes significantly to formation of the
THMs observed in treated drinking water from the
Delta.  Sources of Br- in Delta water are seawater
intrusion, San Joaquin River inflow containing
agricultural drainage, and possible connate
groundwater.  Br- measurements are relatively difficult
to make but have been included in the MWQI study
since January 1990.

The Delta agricultural drainage component of the
MWQI program has located and sampled discharge
points of irrigation drainage water in the Delta since
1985.  The program initially focused on Empire Tract,
Grand Island, and Tyler Island, collecting monthly
samples from agricultural drains on these islands.  Sev-
eral new monitoring stations were added to the program
in 1987, allowing a much broader interpretation of pat-
terns among islands with different soil and farming
practices (DWR 1990).  Drainage discharges from
Bouldin and Bacon Islands and Webb and Holland
Tracts are currently sampled under this program.
Figure 3C-1 shows the location of Delta agricultural
drainage pumps and MWQI sampling locations (not all
drains are sampled).

In general, intensive surveys of agricultural drains
on Delta islands have shown high DOC concentrations
that may represent a significant contribution to DOC
concentrations in Delta waters (DWR 1990).  The salt
content of the drainage water is found to be greatest
during October-March as a result of the leaching of
salts from Delta island soils between growing seasons.

In 1988, the DWR MWQI program analyzed agri-
cultural drainage from approximately 30 Delta drains
for a wide spectrum of agricultural pesticides.  The
drains were sampled during periods of heavy pesticide
use or high drainage discharge to document
concentrations during worst-case events.  Pesticides
were generally not detected in drainage water, except
for small amounts of atrazine, simazine, and 2,4-D
(DWR 1989).

More recent results of the MWQI data collection
program were presented in the 2000 REIR/EIS.  See
the section from the 2000 REIR/EIS entitled “Updated
Measurements of Inflow, Export, and Agricultural
Water Quality” below.

Toxic Substances Monitoring Program.
Initiated in 1976, the Toxic Substances Monitoring
Program (TSMP) is a statewide program for assessing
water quality based on sampling of resident aquatic
organisms (e.g., freshwater clams, carp, bass, and trout)
to determine the extent of synthetic organic chemicals
and heavy metals in California rivers and major
waterways.  This approach to water quality monitoring
is based on the assumption that an organism integrates
toxicant exposure over time and concentrates pollutants
to measurable levels (SWRCB 1985).

Although pesticides are rarely detected in Delta
waters, data from various monitoring programs con-
ducted by DWR and SWRCB have shown that
contamination by synthetic organic chemicals is
prevalent in sediment and organisms collected
throughout the Delta.  DDT, toxaphene, Aldrin, and
other agricultural pesticides are consistently detected in
fish collected from the Sacramento and San Joaquin
Rivers and the Delta.  Most pollutant concentrations in
fish do not exceed standards established by the U.S.
Food and Drug Administration or the National
Academy of Sciences for the consumption of fish
tissues.  However, the presence of pollutants in fish
demonstrates that organic chemicals are being
bioaccumulated through the Delta food chain.

Monitoring Program for D-1485 Standards.  D-
1485 (SWRCB 1978), issued by SWRCB in August
1978, amended previous water right permits of DWR
and Reclamation for the SWP and CVP facilities,
respectively.  D-1485 also set numerical water quality
objectives and requirements for Delta outflow, export
pumping rates, salinity as measured by electrical
conductivity (EC), and chloride (Cl-) to protect three
broad categories of beneficial uses:  fish and wildlife,
agriculture, and municipal and industrial water supply.
The standards included adjustments to reflect
hydrologic conditions under different water-year types.

D-1485 has required DWR and Reclamation to
conduct comprehensive water quality monitoring of the
Delta.  Annual reports have been prepared on observed
water quality conditions in the Delta and compliance
with limits set in D-1485 (DWR 1978).  Similar
monitoring requirements are included in the 1995
WQCP.  DWR and Reclamation are responsible for
adjusting their operations to satisfy the applicable
objectives.  Figure 3C-2 shows a map of the D-1485
water quality monitoring stations in the Delta.  Some of
these stations have continuous EC monitors; others are
sampled routinely for chemical and biological
measurements.
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EC monitors at Jersey Point and Emmaton are
especially important for managing the linkage between
upstream reservoir releases and export pumping limits
needed to satisfy Delta water quality  objectives.  The
CVP and SWP operations staffs have access to tele-
metered data from these and several other EC monitors.
The DWR Delta Operations Water Quality Section pre-
pares and distributes a daily report of data on flows and
EC to assist in decision making on Delta water project
operations.

Delta Water Quality Issues

Water quality requirements and concerns are asso-
ciated with each beneficial use of Delta water.
Beneficial uses include agriculture, municipal and
industrial water supply, fish and wildlife, and recre-
ation (SWRCB 1975).  Water is diverted for
agricultural crop and livestock production at more than
1,800 siphons.  Drainage water is returned to the Delta
through pumping stations operated independently by
reclamation districts (Figure 3C-1).

The Delta export pumping plants (SWP Banks,
CVP Tracy, and SWP North Bay Aqueduct) and
CCWD diversions at Rock Slough and Old River
intake  supply a combination of agricultural, industrial,
and municipal users and also some wildlife uses (water
supply for refuges).  Industrial intakes and discharges
occur near Sacramento, Stockton, and Antioch.  A wide
variety of fish and wildlife inhabit or migrate through
the Delta.  Many public and private recreational
facilities are located in the Delta.

Recognized Delta water quality issues include the
following:

# High-salinity water from Suisun Bay intrudes
into the Delta during periods of low Delta out-
flow.  Salinity adversely affects agricultural,
municipal, recreational, and industrial uses.

# Delta exports have elevated concentrations of
DBP precursors (e.g., DOC), and the presence
of Br- increases the potential for formation of
brominated DBP.

# Agricultural drainage in the Delta contains
high levels of nutrients, SS, DBP precursors
(DOC), and minerals (salinity), as well as
traces of agricultural chemicals (pesticides).

# Synthetic and natural contaminants have
bioaccumulated in Delta fish and other
aquatic organisms.  Synthetic organic
chemicals and heavy metals are found in Delta
fish in quantities occasionally exceeding
acceptable standards for food consumption.

# The San Joaquin River delivers water of rela-
tively poor quality to the Delta, with
agricultural drainage to the river being a major
source of salts and pollutants.  The
Sacramento River also contains agricultural
drainage, but in lower concentrations because
river flows are higher.

# Populations of striped bass and other species
have declined significantly from recent
historical levels.  Causes of the declines are
uncertain, although water quality conditions in
the Bay and Delta, decreases in Delta inflow
and outflow rates, and increases in Delta
exports are suspected of contributing to the
declines.

# The location of the estuarine salinity gradient
and its associated “entrapment zone”, with
relatively high biological productivity, is
controlled by Delta outflow.  The location of
the entrapment zone relative to the available
estuarine habitat area must be appropriate to
protect estuarine species.

Delta Water Quality Variables

Water quality conditions in the Delta are
influenced by natural environmental processes, water
management operations, and waste discharge practices.
The DW project would provide an additional method of
water management in the Delta and thus would
influence Delta water quality.  This section describes
water quality variables that might be affected by DW
operations and identifies several key variables selected
for impact assessment purposes.  Some of the selected
variables are assessed with impact assessment models
and are discussed quantitatively in the impact
assessment.  Others cannot be assessed with impact
assessment models and are therefore discussed
qualitatively.  Variables that have not been identified as
current problems in the Delta and those that are not
likely to be affected by DW operations were not
selected as impact assessment variables.
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Table 3C-1 lists the major water quality variables
considered for use in this impact assessment.

Flow

Delta water quality conditions can vary
dramatically because of year-to-year differences in
runoff and water storage releases, and seasonal
fluctuations in Delta flows.  Concentrations of
materials in inflowing rivers are often related to
streamflow volume and season.

Transport and mixing of materials in Delta
channels are strongly dependent on river inflows, tidal
flows, agricultural diversions, drainage flows,
wastewater effluents, exports, and cooling water flows.
Possible water quality effects of the DW project
depend on flows in the Delta.  An accurate assessment
of possible Delta water quality effects therefore
requires consideration of the patterns of Delta channel
flows (see Chapter 3B, “Hydrodynamics”).  Channel
flow was not selected as a variable for impact
assessment in this chapter but is considered in Chapter
3B.

Temperature

Temperature governs rates of biochemical
processes and is considered a major environmental
factor in determining organism preferences and
behavior.  Fish growth, activity, and mortality are
related to temperature.  The maximum (saturated)
concentration of DO in water is lower at higher
temperatures.

Water temperatures are determined predominantly
by surface heat exchange processes, which are a
function of weather.  Delta temperatures are only
slightly influenced by water management activities.
The most common environmental impacts associated
with water temperatures are localized effects of
discharges of water at substantially elevated
temperatures (e.g., thermal shock).  DW discharges
may influence temperatures in surrounding Delta
channels because stored water may become warmer
during storage periods.  Temperature is discussed
qualitatively for impact assessment, with measurements
proposed as part of impact mitigation to prevent any
significant impacts from occurring.

Suspended Sediments

The presence of SS (often measured as turbidity)
is a general indicator of surface erosion and runoff into
water bodies or resuspension of sediment materials.
Following major storms, water quality is often
degraded by inorganic and organic solids and
associated adsorbed contaminants, such as metals,
nutrients, and agricultural chemicals, that are
resuspended or introduced in runoff.  Such runoff and
resuspension episodes are relatively infrequent, persist
for only a limited time, and therefore are not often
detected in regular sampling programs.

The attenuation of light in Delta waters is
controlled by SS concentrations (with some effects
from chlorophyll).  SS concentrations are often
elevated in the entrapment zone as a result of increased
flocculation (i.e., aggregation of particles) in the
estuarine salinity gradient.  High winds and tidal
currents also contribute to increased SS in the estuary.

The DW reservoir islands are expected to act as
settling basins; therefore, SS concentrations are
expected to be considerably lower in discharges than in
Delta channels.  Nevertheless, resuspension of SS
materials from the reservoir bottoms into the water on
the DW reservoir islands is possible and might have an
impact on Delta channel SS concentrations.  As the
reservoir islands are emptied, the discharge water may
have higher SS concentrations.  SS is discussed
qualitatively for impact assessment, with measurements
proposed as part of impact mitigation.

Dissolved Oxygen

DO is often used as an indicator of the balance
between sources of oxygen (e.g., aeration and photo-
synthesis) and the consumption of oxygen in decay and
respiration processes.  The DO saturation concentration
changes with temperature, and DO concentration often
varies diurnally.  DO concentrations in Delta channels
are not generally considered to be a problem, except
near Stockton and in some dead-end sloughs.  DO
concentrations in MWQI agricultural drainage samples
are sometimes slightly depressed (e.g., less than 5
milligrams per liter [mg/l]), indicating the presence of
a large quantity of organic material (measured by
DOC).  DO is discussed qualitatively for impact assess-
ment, with measurements proposed as part of impact
mitigation.
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pH

The measurement of the overall acidity or
alkalinity of water is its pH.  The pH of Delta water is
governed by inflows, aquatic productivity, and the
buffering capacity of the carbonate system (especially
in estuarine water), so it is relatively constant in the
Delta.  DW discharges are not expected to have any
measurable effect on channel pH.  Therefore, pH was
not selected as a variable for impact assessment.

Electrical Conductivity

EC is a general measure of dissolved minerals and
is the most commonly measured variable in Delta
waters.  EC is generally considered a conservative
parameter, not subject to sources or losses internal to a
water body.  Therefore, changes in EC values can be
used to interpret the movement of water and the mixing
of salt in the Delta (see Appendix B2, “Salt Transport
Modeling Methods and Results for the Delta Wetlands
Project”).

EC values increase with evaporation, decrease with
rainfall, and may be elevated in agricultural drainage
flows in the Delta.  Because EC changes with tempera-
ture, Delta EC measurements are standardized to 25oC.

Seawater intrusion from the modeled downstream
boundary of the estuary at Benecia has a large effect on
salinity in the Suisun Bay portion of the estuary.  The
estuarine entrapment zone, an important aquatic habitat
region associated with high levels of biological produc-
tivity is defined by the mean daily EC range of about 2-
10 mS/cm (Arthur and Ball 1980).

The location of the estuarine salinity gradient and
associated entrapment zone is estimated from EC moni-
toring data and is directly related to Delta outflow.
DW project operations will have direct effects on
channel EC during DW discharge periods and may
indirectly influence EC by changing Delta outflow
during periods of DW diversions.  Reducing
agricultural diversions and drainage from the DW
project islands also may affect Delta EC values.  EC
has therefore been selected as a variable for impact
assessment.

Dissolved Minerals

Beneficial uses of Delta water for agricultural,
municipal, and industrial water supply can be limited

by levels of dissolved minerals.  Major parameters for
judging Delta water quality have included salinity and
concentrations of total dissolved solids (TDS); Cl-;
sodium (Na+); and more recently, Br- (Delta M&I
Workgroup 1989).

Determining concentrations of specific anions or
cations may be important for particular water uses.  Cl-

and Br- concentrations are important in evaluating do-
mestic water supply quality, and sodium concentration
is important for both agricultural and domestic water
quality.  The ratio of Cl- to EC (using units of mg/l for
Cl- and microsiemens per centimeter [FS/cm] for EC)
can be used to distinguish between sources of water
from different inflows (e.g., Sacramento River, San
Joaquin River, and seawater) sampled at different Delta
locations.

DW project operations would influence relative
contributions of water from different Delta inflow
sources.  Therefore, the project would affect mineral
concentrations in the Delta.  Cl- and Br- concentrations
were selected as impact assessment variables.  The
Delta salinity model developed by RMA was used to
simultaneously simulate EC and concentrations of Cl-.
These simulations were compared with historical EC
measurements and were then summarized to provide
estimates of Cl- and Br- concentrations for impact
assessment with the DeltaDWQ model (see Appendix
C4, “DeltaDWQ:  Delta Drainage Water Quality
Model”).

The assessment of project effects on salinity (Cl-

and Br-) has been updated by the 2000 REIR/EIS.  The
2000 REIR/EIS used a revised analytical model
(DeltaSOQ) to assess project impacts on salinity and
other water quality variables.  These methods are
summarized below in the section from the 2000
REIR/EIS entitled “Impact Assessment Methodology
for the 2000 Revised Draft EIR/EIS”.

Dissolved Organic Carbon

DOC concentration is one of the primary variables
that influence the potential for formation of DBP.  DBP
concentrations are important in judging the quality of
drinking water sources (Delta M&I Workgroup 1989).

The most common DBP is THM compounds
formed during chlorination of DOC in drinking water
supplies; these potentially carcinogenic substances
include chloroform and bromoform (Bellar and
Lichtenberg 1974; Wilkins et al. 1979).  Chloroform
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has been shown to increase the risk of liver and kidney
cancer in mice when administered at high doses
(National Cancer Institute 1976).  Using data of the
National Cancer Institute (1976) and considering water
treatability, EPA established a maximum contaminant
level (MCL) of 100 micrograms per liter (Fg/l) or parts
per billion (ppb) for THMs in finished (treated)
drinking water (44 FR 68624).

The MCL standard was under review by EPA
during preparation of the 1995 DEIR/EIS.  EPA
lowered the MCL standard for THM to 80 Fg/l.
Changes to THM and other DBP rules made after
issuance of the 1995 DEIR/EIS are discussed below in
the section from the 2000 REIR/EIS entitled “Changes
in Disinfection Byproduct Rules”.  The suspected
carcinogenic risk to humans from THMs has led some
communities to study and revise their methods of
disinfecting drinking water.

THM levels in drinking water can be reduced
through the use of alternatives to chlorination in
treating water for human consumption (e.g., ozonation
or chloromines), although other potentially harmful
DBP compounds may be formed during these other
disinfection processes.  Disinfection itself is being
more carefully regulated by EPA to avoid problems
from various pathogens (i.e., viruses).  Reducing DOC
concentrations in raw water before chlorination with
flocculation or granular activated carbon adsorption
can reduce all DBP levels, but may be quite expensive.

Minimizing DOC concentrations in the raw water
source is a major water quality goal for drinking water
uses.  DW operations may directly influence DOC con-
centrations in Delta channels and exports.  DOC was
selected as a variable for impact assessment.  The
DeltaDWQ model was used to estimate the potential
impacts of DW operations on export DOC concen-
trations.

The assessment of project effects on DOC has
been updated by the 2000 REIR/EIS.  The methods
used in the revised analysis are summarized below in
the section entitled “Impact Assessment Methodology
for the 2000 Revised Draft EIR/EIS”.

Trihalomethanes and Trihalomethane Formation
Potential

THM formation potential (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.
Whereas THMFP is measured in raw untreated water,
the regulatory requirement for THM concentrations
applies to the finished or fully treated water delivered
to homes and commercial users.  THM concentrations
generally increase with higher chlorine doses and with
higher DOC and higher Br- concentrations (DWR
1994).

There are four types of THM molecules, which can
be differentiated by molecular weight:  chloroform
(CHCl3), dichlorobromomethane (CHCl2Br), dibromo-
chloromethane (CHClBr2), and bromoform (CHBr3).
Total THM concentration (by weight) is the basis for
current EPA drinking water standards.  The greater
weight of total THMs resulting from increased bromine
incorporation, however, complicates comparison of
THM precursors from two water samples with different
Br- concentrations.  One method to normalize the total
THM concentrations is to use molar THM
concentrations, the standard chemistry method, which
essentially counts the number (moles) of THM
molecules per liter of water.

A slightly different technique, giving equivalent
results, 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 molecules are added together to calculate the
carbon equivalent of the THM concentration (C-THM),
called the “total formation potential carbon” (TFPC) in
the DWR MWQI program.

Dividing the C-THM concentration (Fg/l) by the
DOC concentration (Fg/l) in a water sample gives the
fraction of DOC molecules that were converted to
THM molecules during the THMFP assay.  This C-
THM/DOC ratio is called the THM yield.

These THM-related variables are discussed in
greater detail in Appendix C1, “Analysis of Delta
Inflow and Export Water Quality Data”; Appendix C3,
“Water Quality Experiments on Potential Sources of
Dissolved Organics and Trihalomethane Precursors for
the Delta Wetlands Project”; and Appendix C5,
“Modeling of Trihalomethane Concentrations at a
Typical Water Treatment Plant Using Delta Export
Water”.

Simulated THM concentration in treated drinking
water using Delta exports as the raw water source,
modeled with the EPA water treatment plant (WTP)
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model (described in Appendix C5), was selected as a
variable for impact assessment.

The assessment of project effects on THM
concentration in treated drinking water was updated in
the 2000 REIR/EIS.  The methods used in the
2000 REIR/EIS to simulate DW project effects on
DBPs (i.e., THM and bromate) are summarized below
in the section entitled “Impact Assessment
Methodology for the 2000 Revised Draft EIR/EIS”.

Ultraviolet Absorbance and Color

Ultraviolet absorbance (UVA) is the absorbance of
light with a wavelength of 254 nanometers (nm), as
measured with a spectrophotometer and reported in
units of 1/cm (fraction absorbed in one centimeter of
water).  UVA, used in the study of humic acids and
THM precursors, has been found to be linearly related
to both DOC and C-THM concentrations (see
Appendix C2, “Analysis of Delta Agricultural
Drainage Water Quality Data”).

UVA may be useful as a field measurement
variable for estimating DOC and C-THM
concentrations in DW discharges and Delta channels,
but UVA was not selected as a variable for impact
assessment because DOC and C-THM impact
assessments will be sufficient (provide the same
results).  Color is a similar measure of light absorbance
but is not selective for the humic and fulvic acid
component of DOC materials.

Chlorophyll

Algal biomass and organic chemicals associated
with algal processes may produce flavor and odor in
water supplies as well as contribute to THM formation.
Alternatively, algal biomass may be a desirable habitat
constituent for fish and aquatic organisms.  Chlorophyll
concentration is the most common measure of algal
biomass.  Fluorometric devices have been developed
that may provide a field measurement technique for
chlorophyll.  Algal biomass may increase during water
storage on the DW reservoir islands and during wetland
and wildlife management on the habitat islands.
Chlorophyll is discussed qualitatively for impact
assessment, with measurements proposed as part of
impact mitigation.

Nitrate and Phosphate

Nitrate (NO3
-) and phosphate (PO4

3-), nutrients re-
quired for aquatic plant and algal growth, are supplied
to the Bay-Delta estuary by river inflows, by
agricultural drainage, from biochemical recycling in the
water column, and from sediment releases.
Macrophytes and wetland vegetation obtain these
nutrients from the sediment.  Ammonia from sources
such as wastewater effluents and agricultural fertilizers
is oxidized rapidly to nitrate in Delta channels, and
ammonia concentrations are usually quite low.

Because DW operations are not likely to change
the supply or concentrations of these nutrients in Delta
channels, they were not selected as variables for impact
assessment.

Contaminant Residues

Residues from pesticides, herbicides, trace metal
compounds, and other agricultural or industrial
chemicals may produce serious pollution conditions in
Delta water and may bioaccumulate in Delta fish and
aquatic organisms.  These residues can be measured in
water, soils, sediments, and organisms inhabiting Delta
channels.  The detection of a particular compound
depends on its persistence and mobility in the
environment, as well as its source characteristics.
Contaminant residues were selected as a variable for
impact assessment because of possible contamination
of stored water on the DW reservoir islands.  Appendix
C6, “Assessment of Potential Water Contaminants on
the Delta Wetlands Project Islands”, describes
sampling of the DW project islands for possible
contaminants.

Water Quality of Delta Inflows
and Exports

Concentrations of many water quality constituents
are often higher in Delta exports than in Sacramento
River inflow.  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, agricultural drainage
from Delta islands, and treatment plant effluents.
Appendix C1, “Analysis of Delta Inflow and Export
Water Quality Data”, provides detailed information on
the existing water quality characteristics of Delta
inflows and exports and the observed changes in these
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characteristics during water transport through the Delta
(data for EC, Cl-, Br-, DOC, and THMFP are presented
and interpreted in this appendix).  Appendix B2, “Salt
Transport Modeling Methods and Results for the Delta
Wetlands Project”, includes historical data on EC.

Historical water quality data from the Delta
inflows (Sacramento and San Joaquin Rivers) and the
export locations (CCWD Rock Slough, SWP Banks,
and CVP Tracy Pumping Plants) were used to
characterize Delta water quality and to confirm the
simulations of historical EC conditions performed
using the RMA Delta water quality model.  These data
on inflow water quality are used in the DeltaDWQ
assessment model to evaluate effects of DW operations
on water quality of the Delta exports.  Selected
historical data are briefly summarized in the following
sections.

Information on existing water quality
characteristics of Delta inflows and exports was
updated in the 2000 REIR/EIS; see the section from the
2000 REIR/EIS entitled “Updated Measurements of
Inflow, Export, and Agricultural Drainage Water
Quality” below.  The updated information generally
confirms the description of Delta conditions presented
in the 1995 DEIR/EIS.

Temperature and Suspended Sediments

USGS operates monitoring stations for daily mea-
surements of temperature and SS on the Sacramento
River at Freeport and on the San Joaquin River at
Vernalis.  Data from these measurements indicate the
seasonal and storm-event patterns of temperature and
SS.  Turbidity data collected by the MWQI program are
described in Appendix C1.  Available Delta
temperature data are discussed as part of the fishery
assessment in Chapter 3F, “Fishery Resources”.

Electrical Conductivity Data

Figure 3C-3 shows monthly average EC measure-
ments from the Sacramento River at Greene’s Landing
for water years 1968-1991 from EPA’s STORET
database (Baughman pers. comm.).  Average EC is
generally in the range of 100-200 FS/cm.  Sacramento
River EC measurements decrease with higher flows,
exhibiting a typical flow-dilution relationship that can
be approximated with the following equation, estimated
from the 1968-1991 data:

Sacramento River EC (FS/cm) 
= 5,000 % flow (cfs) -0.35

This equation was used to develop an input data set
relating inflow EC levels to inflow volume for RMA
salt modeling, as described in Appendix B2, “Salt
Transport Modeling Methods and Results for the Delta
Wetlands Project”, and for DeltaDWQ modeling as
described in Appendix C4, “DeltaDWQ:  Delta
Drainage Water Quality Model”.  The equation predicts
that EC values would be greater than 200 FS/cm only
when Sacramento River flows are less than 10,000 cfs.
Some measured values were greater than 200 FS/cm
when flows were higher than 10,000 cfs because of
variations in the sources of minerals (EC) in the
Sacramento River watershed.

The monthly average EC values for the San
Joaquin River are usually higher than EC values for the
Sacramento River, with typical values varying between
200 FS/cm and 1,000 FS/cm.  Figure 3C-4 indicates
that EC measurements from the San Joaquin River at
Vernalis (Baughman pers. comm.) also generally
decrease with increases in flow, exhibiting a flow-
dilution relationship that can be approximated with the
following equation, estimated from the 1968-1991 data:

San Joaquin River EC (mS/cm) 
= 25 % flow (cfs) -0.5

Several San Joaquin River monthly average EC
values above 1,000 FS/cm (1.0 mS/cm) were observed
during winter in recent years (1988-1991) (Figure 3C-
4, upper panel).  These values are higher than EC
values estimated with the flow-dilution equation.
These elevated EC values suggest that an additional
load of salt may have been released in drainage into the
San Joaquin River during recent years.  For impact
assessment purposes, however, this equation was used
as an estimate of San Joaquin River EC values.
Because the simulated inflows will be different from
historical inflows (due to differences in reservoir
operations and diversions), the historical EC values
cannot be used directly.

Chloride and Bromide Concentrations

Each Delta inflow has a specific chemical compo-
sition that can be used to characterize the inflow source
(see Appendix C1).  Concentrations of each mineral
constituent increase directly with EC.  Cl- and Br- are
the two minerals of greatest interest for the DW impact
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assessment.  Where Br- measurements are available,
data indicate that all three sources of Delta water
(Sacramento River, San Joaquin River, and seawater)
have a nearly identical and constant Br-/Cl-

concentration ratio of 0.0035 (see Figure C1-5 in
Appendix C1).  Variability in the Br-/Cl- ratio is
greatest for the Sacramento River because of the low
concentrations of Cl- and Br-.  Estimating the Br-/EC
ratio directly would provide identical results.

In Sacramento River inflows, EC values are gener-
ally between 100 FS/cm and 200 FS/cm,  Cl-

concentrations are usually between 5 mg/l and 10 mg/l,
and the Cl-/EC value for Sacramento River inflows
averages about 0.04 (Figure 3C-5).  The graphical
presentation of mineral concentrations in the
Sacramento River shows much scatter because the low
concentrations are reported in whole units of mg/l.  Br-

concentrations are very low in the Sacramento River,
averaging less than 0.05 mg/l (Br-/Cl- = 0.0035; Br-/EC
= 0.0001).

In San Joaquin River inflows, Cl- concentrations
fluctuate between about 20 mg/l and 150 mg/l.  Cl-/EC
values increase from about 0.10 at low EC values to
about 0.15 at high EC values (Figure 3C-6).  The
change in the Cl-/EC ratio value may be explained by
the fact that San Joaquin River inflow is a mixture of
San Joaquin River water, containing significant
agricultural drainage, and Stanislaus River water.
Nevertheless, the Cl-/EC value of 0.10 to 0.15 in the
San Joaquin River inflow is distinct from the lower Cl-

/EC value of about 0.04 in the Sacramento River.  Br-

concentration would be about 0.5 mg/l when Cl-

concentration is 150 mg/l (Br -/Cl - = 0.0035; Br-/EC =
0.00035 to 0.00052).

The Cl-/EC value for seawater is approximately
0.35.  The Cl-/EC value has averaged about 0.30 for
MWQI samples from Mallard Island near the
confluence of the Sacramento and San Joaquin Rivers
(Figure 3C-7) because some mixture of Sacramento
River water and ocean water was presumably collected
in the samples.  Br- concentrations would be about
17.5 mg/l at Mallard Island when Cl- concentration is
5 g/l (Br-/Cl- = 0.0035; Br-/EC = 0.001).

Concentrations of Dissolved Organic Carbon

DOC concentrations in Sacramento River inflow
are generally the lowest measured in the Delta, usually
approximately 2.0 mg/l.  Sacramento River DOC
concentrations sometimes exceed 3.0 mg/l, however.

Daily measurements during storm events in 1993 have
confirmed that Sacramento River DOC concentrations
can exceed 2.0 mg/l as the result of the presence of
DOC material in surface runoff (Agee pers. comm.).
DOC concentrations in the San Joaquin River
(generally ranging between 3.0 mg/l and 6.0 mg/l) are
usually higher than Sacramento River DOC concen-
trations.  Available data on Delta DOC concentrations
are discussed in Appendix C1.  Flow regressions were
estimated for river inflow concentrations of DOC using
available data and were used to calculate inflow DOC
concentrations in DeltaDWQ for impact assessment
purposes.

Potential Water Contaminants on
the DW Project Islands

Potential water contaminants on the DW project
islands include residues from pesticides applied by
agricultural operations, materials from waste disposal
sites, and residues at maintenance and repair facilities
for agricultural equipment.

Appendix C6, “Assessment of Potential Water
Contaminants on the Delta Wetlands Project Islands”,
describes the results of soil sampling conducted on the
DW project islands and laboratory analysis for
pesticide residues.  The results indicated that, in
general, DW island soils do not contain significant
concentrations of agricultural chemicals.  Pesticide
residues were low to nondetectable for agricultural
chemicals known to have high potential to leach from
soils.  Detected residues of three herbicides observed in
one soil sample from Bacon Island were the result of
recent application and do not represent a concern
regarding water contamination because herbicides
undergo rapid chemical degradation.

Incidental discharges of petroleum-based
materials, sewage, and litter into Delta channels and
onto the DW project islands could occur in connection
with the proposed recreational boating facilities and
activities.  Petroleum products contain chemicals toxic
to aquatic organisms, and improperly treated sewage
can introduce into Delta channels pathogens that are
harmful to human health and nutrients that stimulate
biological growth.  The magnitude and significance of
discharges depends on facility locations and services
provided; types of boating activities and changes from
existing conditions; timing of the activities; and quality
factors associated with boat size, age, and maintenance.
Information is provided in Appendix C6 regarding the
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potential for DW operations to contribute to water
quality problems as a result of recreational boating.
Boating activities associated with DW project
implementation are not likely to cause significant
adverse water quality impacts.  As described in
Chapter 2, “Delta Wetlands Project Alternatives”, DW
has removed construction of recreation facilities from
its CWA permit applications; nevertheless, the analysis
of impacts on water quality associated with
construction and operation of these facilities is
provided in this chapter.

The following discussions describe other potential
water contaminants on the four DW project islands.

Bacon Island

Bacon Island is the most densely populated of the
DW project islands.  Most of the domestic wastewater
from homes and farm worker barracks is disposed of by
septic tank systems.  Before garbage collection service
was provided by individual counties or private firms,
many farm operators disposed of domestic trash at
selected locations on the island.  Abandoned vehicles,
used automobile tires, various containers, and common
household or farm-related trash can be found at these
sites.  Figure 3C-8 shows the locations of known or
visible garbage disposal sites on Bacon Island.

Bacon Island has several permanent farm operation
facilities, with designated areas for maintenance and
repair of farm machinery.  Fugitive diesel fuel and gear
and motor oil drippings are evident in the soils in most
of these areas.  Used oils are stored in aboveground
containers and are collected by a waste oil recycler as
necessary (Shimasaki pers. comm.).

Partially filled or empty pesticide containers are
stored in structures at selected sites on Bacon Island
(Figure 3C-8).  Most of these structures are elevated
above ground surface and their contamination of
surface soils is unlikely.  Disposal of metal, plastic, and
paper pesticide containers is regulated by the California
Department of Food and Agriculture (DFA) under a set
of container guidelines.  Under these regulations,
containers are completely rinsed three times with tap
water, allowed to dry, punctured by mechanical means,
and stored in these areas until the number of containers
accumulated is sufficient to be disposed of by a
certified waste hauler.  Rinse waters are typically
applied to fields where the chemical was used.  Staff
members of the county agricultural commissioner’s

office inspect these areas during normal field visits to
farm operations (Gianelli pers. comm.).

A potential source of contamination by heavy
metals is the site of a discontinued copper salvaging
operation, located at the northwestern corner of Bacon
Island (Figure 3C-8).  A hazardous waste investigation
and site cleanup was conducted on the site and high
levels of copper, zinc, lead, and other heavy metals
were detected in soils surrounding the illegal operation
area.  Levels of copper and lead were found to exceed
hazardous waste criteria established by DHS.  Soils
were also tested for EPA priority pollutants, most of
which are synthetic organic compounds, but no
compounds were observed to exceed their detection
limits.  DHS (Region One Surveillance and Enforce-
ment Section) issued a letter stating that cleanup has
been adequate and that constituents of concern are at
background levels.  (Ambacher pers. comm.)

Webb Tract

No indications of domestic garbage sites were ob-
served on Webb Tract during field surveys in August
and September 1988.  Historically, few people have
lived on Webb Tract and the potential for the presence
of major trash deposits is thought to be fairly low.
Some farmers live in small mobile homes during the
growing season.  Users of the few permanent structures
on the island rely on septic systems for waste disposal.
Few farm machine repair and pesticide storage areas
are located on the island.  Most of the farmers rebuild
or repair machinery during idle periods, typically in
workshops located off the island (Dinelli pers. comm.).

Bouldin Island

No visible signs of waste dumping have been ob-
served during field visits to Bouldin Island, which
accommodates several homes.  All homes and office
buildings on Bouldin Island use septic systems for
domestic sewage disposal.  Domestic trash is
transported off the island by a certified waste disposal
firm.  Farm machinery repair facilities on Bouldin
Island are located on the eastern end of the island,
about ½ mile south of the SR 12 bridge at Terminous
(Wilkerson pers. comm.).  Oil and grease drippings are
evident in localized areas.

Pesticide storage areas are absent from Bouldin
Island because of the island’s proximity to the
Stockton-Lodi area, where major agricultural chemical
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distributors are located.  Because pesticide
formulations are mixed at distributors’ facilities,
minimal onsite storage or mixing is required
(Wilkerson pers. comm.).  Most farmers use the same
chemical distributor each year and through experience
know quantities of compounds needed to minimize
waste and overuse.  Additionally, many of the
compounds are aerially applied; chemicals are handled
and loaded at Bouldin Island airstrip.

Holland Tract

Domestic garbage dumps have not been observed
on Holland Tract.  Few people live on the island; most
visitors to Holland Tract are boaters with berthing
leases at the marinas (Lindquist pers. comm.).  Trash
generated at the marinas is collected by a private waste
hauling firm.  Domestic waste dumping was not evident
during field surveys.  No signs of pesticide storage
areas were identified on Holland Tract during
numerous field surveys.

Several landowners previously used Holland Tract
lands to spread paper pulp waste produced by Gaylord
Container Corporation’s paper recycling facility in An-
tioch.  The pulp waste was the byproduct of recycled
corrugated cardboard, which was made into new paper
products.  The waste disposed of on the island
consisted of short paper fibers, minor amounts of
plastic, and adhesive compounds.

Information about the disposal of pulp recycling
wastes on Holland Tract was obtained from the lessee
of the property where the disposal operations took
place.  The pulp disposal operation began in 1979 and
ended in 1993.  Approximately 450 tons per day of wet
material was delivered to the Holland Tract disposal
site, where the material was stockpiled and allowed to
dry.  About 80% of the wet weight was water and 20%,
or 90 tons per day, was actual pulp waste.  Starting in
1987, the materials were disked or plowed into the soil
to improve the soil’s percolation and water-retention
capabilities (Laxson pers. comm.).

Recycled pulp waste was disposed of on Holland
Tract under a land use permit issued by the Contra
Costa County Planning Department (Permit 2127).  The
permit included requirements for groundwater
monitoring near the disposal sites; two 4-inch wells
approximately 30 feet deep were installed to monitor
groundwater quality.  Quarterly analytical reports were
forwarded to CCWD under the terms of the county

permit.  In 1984, monitoring was discontinued after one
well was accidentally destroyed by a bulldozer.

A chemical analysis of waste pulp spread on
Holland Tract was conducted for CCWD in 1988
(Gartrell pers. comm.).  Concern had been raised over
the potential effects that trace metals, particularly lead,
could have on CCWD drinking water supplies in
nearby Rock Slough.  Testing was performed by the
DHS laboratory to determine the maximum metal
concentrations under worst-case conditions.  Twenty-
seven trace metals were analyzed but none were found
at levels that exceeded DHS hazardous waste criteria.
Extractable and purgable organics also were not
detected.  Additional data collected by Gaylord
Container Corporation and analyzed by Emcon Asso-
ciates in 1989 confirm that metal concentrations were
similar to background soil concentrations (Hsiong and
Isham pers. comm.).

The Central Valley Regional Water Quality
Control Board (CVRWQCB), after reviewing results of
chemical testing of the pulp waste, does not believe that
metal concentrations in pulp wastes represent a
potential threat to surface water or drinking water
quality (Landau pers. comm.).  Trace metals in pulp
waste are under study by Gaylord Container
Corporation for review by CVRWQCB (Roe pers.
comm., Hsiong and Isham pers. comm.).  Dioxin
contamination of the pulp byproduct spread on Holland
Tract is highly unlikely because the pulp was not
subjected to chlorination, which is essential in the
formation of dioxins (Landau pers. comm.).

IMPACT ASSESSMENT
METHODOLOGY

DW project operations may cause water quality
effects in the Delta by two primary mechanisms:

# DW project discharges may have EC levels or
contain concentrations of water quality consti-
tuents, such as Cl-, Br-, or DOC, that may
affect water quality in Delta channels and
exports.

# DW project diversions or discharges may
change Delta outflow or Delta channel flows,
which might influence salinity intrusion or
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shift the contributions of water quality
constituents from different Delta inflow
sources.  These changes may affect water
quality in Delta channels and exports.

Table 3C-2 gives a summary of the 1995
DEIR/EIS impact assessment methods for the major
water quality variables selected for impact assessment:
salinity (EC, Cl-, Br-) and DOC concentrations in the
Delta, and THM concentrations in treated drinking
water obtained from the Delta.

The 2000 REIR/EIS analyzed project effects on
these major water quality variables using methods
similar to those used in the 1995 DEIR/EIS.  See the
section entitled “Impact Assessment Methodology for
the 2000 Revised Draft EIR/EIS” below.

Overview of the Impact Assessment 
Models and Modeling Tasks

The following models were used for the 1995
DEIR/EIS assessment of potential DW project effects
on the major water quality variables selected for impact
assessments: the RMA water quality model, the
DeltaDWQ model, and the EPA WTP model.  This
section provides an overview of the most important
steps in the development, calibration, confirmation, and
application of these models for the impact assessment
for water quality.

The water quality assessment models rely on
accurate hydrodynamic modeling of channel flows to
allow simulation of salt transport and mixing in the
Delta.  The RMA Delta hydrodynamic model was used
to simulate tidal and net channel flows in the major
Delta channels, as described in Chapter 3B,
“Hydrodynamics”.  The simulated net channel “flow-
split” relationships were evaluated and summarized
with equations that are incorporated into the DeltaSOS
model (Appendix A2, “DeltaSOS: Delta Standards and
Operations Simulation Model”).  The assumed water
budget for Delta agricultural islands is incorporated
into the DeltaDWQ model (Appendix C4, “DeltaDWQ:
Delta Drainage Water Quality Model”). 

There are many unpredictable processes and events
that may affect water quality in the Delta that are not
simulated with the assessment models developed for
simulating likely effects of DW project operations.
Examples of unpredictable factors that are expected to
influence conditions under the No-Project Alternative

and under the DW project alternatives include
occasional slugs of relatively high-salinity San Joaquin
River inflows, intensive agricultural salt leaching
following periods of drought, and increases in DOC
concentrations in storm runoff.  These unpredictable
water quality effects will be considered in actual DW
operations, however, because they will be detected with
routine monitoring data used to demonstrate
compliance with the 1995 WQCP objectives and in
data collection needed to satisfy mitigation
requirements imposed on the DW project by the Corps
and  SWRCB.

Figure 3-1 in Chapter 3, “Overview of Impact
Analysis Approach”, shows the relationship between
the assessments performed using these models.  Table
3C-3 summarizes the preliminary model calibration and
confirmation tasks described below for the models used
in the water quality impact assessment.  Table  3C-4
summarizes the modeling tasks for the impact
assessment.

Methods for Assessing Impacts on Salinity
(Electrical Conductivity, Chloride, Bromide)

There exist extensive historical data on EC from
about 20 Delta locations.  These measurements allow
the RMA Delta water quality model to be calibrated
and tested.  Comparisons of EC data and RMA
simulation results are summarized in this chapter and
are described in detail in Appendix B2.  The simulated
end-of-month EC patterns are quite similar to the
patterns of measured mean monthly EC at most of the
available measurement locations most of the time.
There is some variation between the simulated and
measured EC patterns because the model simulations
used mean monthly flows and exports rather than the
actual daily flows.  These differences are discussed in
Appendix A4, “Possible Effects of Daily Delta
Conditions on Delta Wetlands Project Operations and
Impact Assessments”.  During periods of salinity intru-
sion caused by low Delta outflow, there are additional
differences between measured and simulated EC
patterns caused by uncertainties in estimated Delta
channel depletion and estimated Delta outflow.

Historical daily Delta inflows and exports were
used to test and calibrate the RMA water quality model
(by adjusting tidal mixing coefficients) with daily EC
measurements from 19 Delta locations for 1972.  Flows
and EC data for 1976 and 1978 were used to confirm
the RMA water quality model results.  These
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calibration results are shown in Smith and Durbin
(1989).

Historical monthly average Delta inflows and
exports for 1967-1991 were used to simulate monthly
average net channel flows and end-of-month salinity
patterns in the Delta.  The historical Delta salinity
simulations were used as a reference for judging the
reliability of the RMA Delta water quality model.
These results are described in Appendix B2, “Salt
Transport Modeling Methods and Results for the Delta
Wetlands Project”, and are summarized in this chapter.

The RMA Delta water quality model was also used
to simulate the mean monthly contributions of each
Delta inflow source (Sacramento and San Joaquin
Rivers, Yolo Bypass and eastside streams, agricultural
drainage, and tidal mixing from the downstream model
boundary) at selected Delta channel and export
locations.  These simulated mean monthly source
contributions were summarized and incorporated into
the DeltaDWQ model for impact assessment of DW
project operations on Delta EC and on Cl- and Br-

concentrations in Delta exports.

Methods for Assessing Impacts on Dissolved
Organic Carbon and Trihalomethane

The simulated effects of DW project operations on
DOC concentrations depend on the estimated inflow
concentrations and inflow source contributions, and on
the assumed sources of DOC from Delta agricultural
drainage and from the DW habitat and reservoir
islands.  The simulated effects of DW project
operations on THM concentrations in drinking water
also depend on the assumed chlorination and other
treatment processes at the simulated water treatment
plant.

The DWR MWQI program has collected water
samples from Delta channel, export, and agricultural
drainage locations.  The MWQI program measurements
are the primary water quality measurements used to
estimate changes in DOC between the Delta inflows
and the Delta export locations and the contribution of
DOC from Delta agricultural drainage, in units of
grams of DOC per square meter per year (g-
DOC/m2/year).   The analyses of these data on Delta
DOC and related variables are described in Appendices
C1, “Analysis of Delta Inflow and Export Water
Quality Data”, and C2, “Analysis of Delta Agricultural
Drainage Water Quality Data”.

Because there are no measurements of agricultural
drainage flows in the Delta, the MWQI measurements
of DOC concentrations cannot be used to estimate the
relative contributions of DOC from Delta agricultural
land.  Possible contributions of DOC from crop
residue, wetlands plants, and peat soil leaching have
not been measured.  Several water quality experiments
were conducted to estimate these potential DOC source
contributions for impact assessment purposes.  Results
of these experiments are described in Appendix C3,
“Water Quality Experiments on Potential Sources of
Dissolved Organics and Trihalomethane Precursors for
the Delta Wetlands Project”.

There was no existing model for estimating the
relationship between the water budget for Delta
agricultural islands (diversions, ET, and drainage) and
the corresponding salinity (EC) and DOC concentration
patterns in agricultural drainage.  The Delta drainage
water quality model DeltaDWQ was developed for
assessment of impacts associated with contributions of
the DW project island discharges to DOC
concentrations in Delta exports.  This model combines
the simulated monthly channel flows estimated in
DeltaSOS with simulated monthly agricultural drainage
and DW project discharge concentrations to estimate
DOC concentrations in Delta exports.

Finally, the simulated export concentrations of
DOC and Br- were used to simulate expected monthly
average THM concentrations in a typical water
treatment plant obtaining its water supply from Delta
exports.  The EPA WTP model was used for the THM
impact assessment.  Appendix C5, “Modeling of
Trihalomethane Concentrations at a Typical Water
Treatment Plant Using Delta Export Water”, describes
this model and the results of THM impact assessment
for the DW project alternatives.

This chapter summarizes the use of these water
quality impact assessment models, selected criteria for
judging impact significance, and the results of the
impact assessments for the constituents selected for
impact assessment.  However, the accompanying
technical appendices should be consulted for many
details that are not repeated in this chapter.

Analytical Approach and
Impact Mechanisms

Assessment of water quality impacts requires
establishing a point of reference with which conditions
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under DW project operations can be compared.  The
point of reference used for this assessment is the No-
Project Alternative.  The simulated No-Project
Alternative represents Delta water quality conditions
that are likely to exist in the absence of DW project
operations, with a repeat of the hydrologic conditions
represented by the Delta hydrologic record, but with
existing facilities, water demands, and Delta standards.
The relationship between the No-Project Alternative
and historical water quality conditions is described
below.

The 1962-1991 25-year period was used in the
1995 DEIR/EIS because:

# the range of hydrologic conditions of the 25-
year period is similar to those of the 70-year
1922-1991 period (Appendix A1),

# most reservoirs and diversion facilities were
operational during this period, and

# historical EC and water quality data are avail-
able for this period.

Conditions under the No-Project Alternative and
the DW project alternatives were simulated using
models discussed in the following sections.  For a
model to be considered a reliable predictive tool,
simulations produced by the model are confirmed
through comparison with observed historical
conditions.  For this analysis of water quality effects of
DW project operations, simulated historical conditions
were compared with historical data from the sampling
programs described above under “Sources of
Information”.

The following four locations in the Delta were
selected for assessment of impacts related to Delta
salinity conditions:

# Chipps Island, usually considered to be the
primary station for monitoring Delta outflow
water quality because it is located downstream
of the confluence of the Sacramento and San
Joaquin Rivers, where river flows and Delta
agricultural drainage have combined;

# Emmaton, one of the locations for Delta agri-
cultural salinity objectives located on the
Sacramento River downstream of Threemile
Slough;

# Jersey Point, one of the locations for Delta
agricultural salinity objectives, and an
important location for monitoring effects of
agricultural drainage contributions to water
quality in central Delta outflows; and

# Delta exports from the southern Delta,
assumed to be representative of CCWD
diversions at Rock Slough intake #1; SWP
exports at Banks Pumping Plant, where water
is diverted from the Delta across Clifton
Court Forebay into the California Aqueduct;
and CVP exports at Tracy Pumping Plant,
where Delta water is diverted into the Delta-
Mendota Canal (DMC).

A representative Delta export location was used
because the impact assessment methods cannot reliably
distinguish between water quality conditions at the
three major export locations.  Localized effects of
agricultural drainage at the CCWD Rock Slough intake
and effects of water quality of San Joaquin River
inflows at the CVP Tracy Pumping Plant are described
in Appendix B2, “Salt Transport Modeling Methods
and Results for the Delta Wetlands Project”.  For
impact assessment purposes, the likely effects of DW
project operations on Delta export water quality were
assessed for representative south Delta exports with the
DeltaDWQ model, described in Appendix C4.  The
representative export water quality might be compared
with historical water quality collected from Old River
at Holland Tract.  

Impacts related to DOC and THM concentrations
were assessed for Delta exports only.

Water Quality Effects of DW Discharges:
Contributions of Constituents

DW project discharges may contain elevated levels
of water quality constituents that could affect water
quality in Delta channels and Delta exports.  Appendix
C2, “Analysis of Delta Agricultural Drainage Water
Quality Data”, describes likely average monthly
concentrations of water quality constituents in drainage
water from Delta upland and lowland islands.  The
estimates for lowland islands were used to represent
DW island discharges under the No-Project
Alternative.  Appendix C4, “DeltaDWQ:  Delta
Drainage Water Quality Model)”, describes conceptual
water, salt, and DOC budgets for typical Delta
agricultural islands.  Estimated agricultural drainage
concentrations of EC and DOC under the No-Project
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Alternative are presented.  Cl- and Br- concentrations
were also estimated with DeltaDWQ.  Likely con-
centrations of these constituents in discharges under the
DW project alternatives were estimated for comparison
with conditions under the No-Project Alternative.

DW discharges may change export water quality
and potentially affect THM concentrations in treated
drinking water.  The EPA WTP model, described in
Appendix C5, “Modeling Trihalomethane
Concentrations at a Typical Water Treatment Plant
Using Delta Export Water”, was used to simulate THM
concentrations in Delta export water chlorinated in a
typical water treatment plant.

Water Quality Effects of DW Operations:  Changes
in Channel Flows and Outflow

DW project operations may influence salinity
intrusion to the Delta and contributions of water quality
constituents from different inflow sources by changing
Delta channel flows and outflows.  Chapter 3B,
“Hydrodynamics”, describes hydrodynamic modeling
of the DW project performed by RMA for JSA and the
lead agencies using its link-node hydrodynamic model
of the Delta.  RMA also performed salt transport
modeling of monthly average Delta conditions under
contract to DW and provided modeling results to JSA
for use in performing water quality impact analyses.
Appendix B1, “Hydrodynamic Modeling Methods and
Results for the Delta Wetlands Project”, describes the
hydrodynamic modeling results and Appendix B2,
“Salt Transport Modeling Methods and Results for the
Delta Wetlands Project”, describes the salinity
modeling results.  The RMA modeling was based on
25-year (1967-1991) historical inflows and exports.

The RMA Delta salinity model uses the results
from the RMA Delta hydrodynamic model and
provides detailed simulations of salinity in all Delta
channels.  For impact assessment purposes, the
observed relationships between effective Delta outflow
and salinity at selected locations were used to
summarize the likely effects of changes in Delta
outflow caused by DW project operations on EC at the
four locations selected for impact assessment.  The next
section of this chapter shows that the DeltaDWQ
results and the RMA Delta salinity model results
indicated similar relationships between effective Delta
outflow and EC at the locations selected for impact
assessment.  The detailed RMA modeling and the
effective outflow relationships provided similar results.
The negative exponential relationships between

effective Delta outflow and EC were incorporated into
the DeltaDWQ model and used for impact assessment
of the alternatives.  Comparisons between the historical
EC data and the RMA salinity model results and the
effective Delta outflow relationships are more fully
described in Appendix B2.

As described in Appendix B2, the effective Delta
outflow is the equivalent steady-state outflow that will
maintain the observed EC value at a particular monitor-
ing station.  Calculations of effective outflow
incorporate the sequence of previous Delta outflows.
The monthly change in effective outflow is calculated
as a function of the previous month’s effective outflow
and this month’s average outflow:

Change in effective outflow = (outflow - effective
outflow) % (1 - exp[-effective outflow/R])

where R is a “response” factor that is
approximately 5,000 cfs for monthly average
flows, as simulated in the DeltaSOS and
DeltaDWQ impact assessment models.  

This effective Delta outflow calculation was used
to allow impact assessment of Delta salinity intrusion
to be estimated at selected locations in the DeltaDWQ
model.  EC values or Cl- concentrations at selected
channel locations resulting from salinity intrusion were
estimated from negative exponential relationships with
effective Delta outflow, as described in Appendix B2.
Following are the equations for the selected channel
locations for impact assessment:

Chipps Island EC (FS/cm) = 30,000
% exp(-0.00025 % effective outflow)

Emmaton EC (FS/cm) = 10,000
% exp(-0.00040 % effective outflow)

Jersey Point EC (FS/cm) = 8,000
% exp(-0.00040 % effective outflow)

Delta export EC (FS/cm) = 5,000
% exp(-0.00050 % effective outflow)

Delta export Cl- (mg/l) = 1,667
% exp(-0.00050 % effective outflow)  

At high outflows, the Delta salinity will no longer
be influenced by salinity intrusion effects and each of
these negative exponential equations will approach
zero.  The salinity at each channel location will then be
determined by the mass balance of salinity from Delta
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inflows and from agricultural drainage.  These salinity
mass-balance relationships are included in the
DeltaDWQ assessment model as described in
Appendix C4, “DeltaDWQ:  Delta Drainage Water
Quality Model”. 

The DeltaDWQ model results for historical
inflows and exports were confirmed with measured EC
and Cl- data for 1968-1991. Salinity intrusion effects
resulting from changes in effective Delta outflow,
simulated with the DeltaSOS model for DW project
alternatives, are adequately estimated in the DeltaDWQ
model.  The effects of river inflows and agricultural
drainage are also adequately represented by the
DeltaDWQ model.  Model uncertainties in monthly
Sacramento and San Joaquin River inflow EC values or
monthly flow and EC values of agricultural drainage
discharges do not reduce the accuracy of impact assess-
ment results because the same estimates of river
inflows and drainage discharges are used for each of
the DW project alternatives.  

Confirmation of Salinity Simulations Performed
Using the RMA and DeltaDWQ Models

The following sections summarize observed histor-
ical Delta salinity patterns.  The sections also compare
observed and simulated values to describe confirmation
of the RMA and DeltaDWQ model simulations of
Delta salinity conditions with historical inflows and
exports.  A similar method was used in the 2000
REIR/EIS to confirm the results of simulated Delta
conditions; see the section from the 2000 REIR/EIS
below entitled “Simulated Delta Water Quality for the
No-Project Alternative”.

The RMA model confirmation, performed through
comparison between simulations of historical monthly
average Delta salinity conditions and measured
historical EC data for 1968-1991, is described in detail
in Appendix B2, “Salt Transport Modeling Methods
and Results for the Delta Wetlands Project”.  The
DeltaDWQ estimates are compared with the historical
EC data for 1968-1991 at the four locations selected for
impact assessment.

Historical EC data are missing for some periods;
Table B2-1 in Appendix B2 provides a statistical sum-
mary of the historical EC data and the model results.
The following discussion is based on graphical
summaries, rather than statistical summaries, to
demonstrate the correspondence between simulation
results and general patterns of data.

Chipps Island (Pittsburg).  Figure 3C-9 shows
the measured monthly average EC at Pittsburg (near
Chipps Island) for 1968-1991 and the RMA model EC
simulations and DeltaDWQ model EC estimates for
historical Delta inflows, outflows, and exports.  The
RMA model simulations and the DeltaDWQ estimates
of EC match the measured monthly average EC values
relatively well.  The negative exponential relationship
with effective Delta outflow is generally confirmed.
Some of the scatter in the monthly average EC data
may be attributed to uncertain monthly outflow
estimates, and some scatter may be caused by monthly
averaging of EC during periods of large EC changes.
The scatter is largest during periods of low Delta
outflow, when salinity intrusion effects are greatest.

EC values at Chipps Island increase above 3
mS/cm at an effective outflow of about 10,000 cfs.
Chipps Island has EC values that are within the
entrapment zone (5-15 mS/cm) for flows between
3,500 cfs and 7,500 cfs.  Both the RMA model and the
DeltaDWQ estimates provide adequate simulations of
Chipps Island historical EC patterns.  The response of
EC at Chipps Island to changes in Delta outflow caused
by DW project operations can be adequately simulated
with the DeltaDWQ estimates based on DeltaSOS
calculations of effective Delta outflow.

Emmaton.  Figure 3C-10 shows the measured
monthly average EC at Emmaton for 1968-1991 and
the RMA model EC simulations and DeltaDWQ model
EC estimates for historical Delta inflows, outflows, and
exports.  The RMA model simulations and the Delta-
DWQ estimates of EC match the measured monthly
average EC values relatively well.  The negative expo-
nential relationship with effective Delta outflow is
generally confirmed.  Some of the scatter in the
measurements may be attributed to uncertain monthly
outflow estimates, and some scatter may be caused by
monthly averaging of EC during periods of large
outflow changes.

EC values at Emmaton increase above 3 mS/cm at
an effective outflow of about 3,000 cfs.  Emmaton has
EC values that are within the entrapment zone (5-15
mS/cm) only for flows of less than about 2,000 cfs (not
allowed under the 1995 WQCP objectives).  Both the
RMA model and DeltaDWQ estimates provide
adequate simulations of Emmaton historical EC
patterns.  The response of EC at Emmaton to changes
in Delta outflow caused by DW project operations can
be adequately simulated with the DeltaDWQ estimates
based on DeltaSOS calculations of effective Delta
outflow.
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 Jersey Point.  Figure 3C-11 shows the measured
monthly average EC at Jersey Point for 1968-1991 and
the RMA model EC simulations and DeltaDWQ model
EC estimates for historical Delta inflows and exports.
The RMA model simulations and the DeltaDWQ esti-
mates of EC match the measured monthly average EC
values relatively well.  The negative exponential
relationship with effective Delta outflow is generally
confirmed.  Some of the scatter in the measurements
may be attributed to uncertain monthly outflow
estimates, and some scatter may be caused by monthly
averaging of EC during periods of large outflow
changes.

EC values at Jersey Point increase above 3 mS/cm
at an effective outflow of about 2,500 cfs.  During
1967-1991, Jersey Point had no measured monthly
average EC values within the entrapment zone (greater
than 5 mS/cm).  Both the RMA model and DeltaDWQ
estimates provide generally accurate simulations of
Jersey Point historical EC patterns.  The response of
EC at Jersey Point to changes in Delta outflow caused
by DW project operations can be adequately simulated
with the DeltaDWQ estimates based on DeltaSOS
calculations of effective Delta outflow.

Delta Exports.  Figure 3C-12 shows the measured
monthly average EC at the CCWD Rock Slough intake
for 1968-1991 and the RMA model EC simulations and
DeltaDWQ model EC estimates for historical Delta in-
flows and exports. The RMA model simulations and
the DeltaDWQ estimates of EC match the measured
monthly average EC values relatively poorly for the
CCWD diversions compared with the other stations.
The negative exponential relationship with effective
Delta outflow is generally confirmed at low Delta
outflow.  Some of the scatter in the CCWD EC
measurements may be attributed to uncertain monthly
outflow estimates, and some scatter may be caused by
monthly averaging of EC during periods of large
outflow changes.  The effects of San Joaquin River
inflows and local agricultural drainage on CCWD EC
measurements are also likely causes for some of the
differences between measured and simulated EC values
at the CCWD diversion.  Appendix B2 gives a more
complete discussion of the differences between CCWD
and Old River EC measurements (see Figure B2-16).

The monthly average EC value for CCWD diver-
sions has never been greater than 1.5 mS/cm.  Both the
RMA model and DeltaDWQ estimates provide similar
estimates of CCWD historical EC patterns. The devia-
tions between simulated and measured EC at the
CCWD diversion are likely caused by local agricultural

drainage or tidal gate failures in Sand Mound Slough;
the salinity intrusion effects follow those simulated for
and observed at Jersey Point.  Therefore, the response
of EC at the CCWD location (and other export
locations) to changes in Delta outflow caused by DW
project operations can be adequately simulated with the
DeltaDWQ estimates based on DeltaSOS calculations
of effective Delta outflow.

Figure 3C-13 shows the measured monthly average
Cl- concentration at the CCWD diversion for 1968-
1991 and the RMA model and DeltaDWQ Cl- estimates
for historical Delta inflows and exports.  The CCWD
diversions are assumed to be similar to other southern
Delta export locations (Cl- measurements are not
available from other export locations).  The RMA
model and DeltaDWQ estimates of Cl- concentrations
match the measured monthly average Cl- concentrations
relatively well, although there is considerable deviation
from measured Cl- concentrations in many months.
The negative exponential relationship with effective
Delta outflow is generally confirmed at low Delta
outflow.  Some of the scatter in the measurements may
be attributed to uncertain monthly outflow estimates,
and some scatter may be caused by monthly averaging
of Cl- during periods of large outflow changes.  The
effects of San Joaquin River inflows and local
agricultural drainage on CCWD Cl- measurements are
also likely causes for some of the differences between
measured and simulated Cl- concentrations.

The monthly average Cl- concentration at CCWD
diversions has never been greater than 300 mg/l.  Both
the RMA model and the DeltaDWQ estimates provide
generally similar simulations of CCWD historical Cl-

patterns as a function of effective Delta outflow. The
deviations between simulated and measured Cl- at the
CCWD diversions is likely caused by local agricultural
drainage or tidal gate failures in Sand Mound Slough;
the salinity intrusion effects follow those simulated and
observed at Jersey Point.  Therefore, the response of
Cl- at the CCWD diversion (and other export locations)
to changes in Delta outflow caused by DW project
operations can be adequately simulated with the
DeltaDWQ estimates based on DeltaSOS calculations
of effective Delta outflow.

Simulated Water Quality for the No-Project Alter-
native

Possible impacts of the DW project alternatives are
compared with Delta water quality conditions repre-
sented as the No-Project Alternative.  The No-Project
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alternative is simulated with DWRSIM and DeltaSOS,
as described in Chapter 3A, “Water Supply and Water
Project Operations”, to represent likely Delta
conditions that would result from a repeat of the
historical hydrologic sequence, but with existing water
project facilities (reservoirs, diversions, and canals) and
with current levels of demands for upstream diversions
and Delta exports.  Delta conditions are assumed to be
controlled by objectives of the 1995 WQCP and other
applicable water rights, agreements, and requirements.

No-Project Alternative conditions and historical
conditions are different because of the differences in
upstream reservoir operations and diversions, Delta
standards and requirements, and demands for Delta
exports.  The comparison between salinity levels simu-
lated for the No-Project Alternative and simulated for
historical conditions are presented here to provide a
reference for describing the No-Project Alternative as
estimated with DeltaDWQ for impact assessment pur-
poses.  The previous section of this chapter has
described the differences between measured EC and
simulated historical EC.

Simulated EC or Cl- for the No-Project Alternative
and for historical Delta outflows at the four locations
selected for impact analysis are shown to demonstrate
the simulated similarities between the No-Project
Alternative and simulated historical conditions.
Differences in inflow, export, and outflow between
these simulated cases are shown in Appendix B1.
Appendix B2 describes the comparison of simulated
historical and No-Project Alternative salinity in detail.
The purpose here is to better understand conditions
under the No-Project Alternative as the basis for impact
assessment.  Simulated historical conditions are used so
that the natural variability in measured EC and Cl- is
removed from the comparisons.

Simulated Electrical Conductivity at Chipps
Island.  Figure 3C-14 shows simulated patterns of EC
at Chipps Island for 1968-1991 for the No-Project
Alternative and for historical Delta outflow.

During periods of high Delta inflow, salts at
Chipps Island are flushed and salinity becomes similar
to river inflow EC (assumed to be 150 FS/cm).  During
periods of low Delta inflow, outflow is often controlled
by required minimum outflow objectives or salinity
standards.  Some monthly values differ between the
two cases, but the maximum seawater intrusion (during
periods of lowest Delta outflow) simulated for each
year under the No-Project Alternative is generally
similar to EC simulations based on historical outflows,

as shown by the peak values of EC simulated for
Chipps Island.  The maximum monthly EC value for
Chipps Island was about 16,000 FS/cm for the
simulated No-Project Alternative.  The maximum
monthly simulated EC values were slightly lower for
the No-Project Alternative than for historical
conditions because the simulated minimum Delta
outflow for the No-Project Alternative required under
the 1995 WQCP objectives was higher than historical
outflows.

Simulated Electrical Conductivity at Emmaton.
The lower panel of Figure 3C-14 shows simulated
patterns of EC at Emmaton for 1968-1991 for historical
Delta outflows and for the No-Project Alternative
outflows.  Simulated peak EC values for the No-Project
Alternative outflows were generally lower than for
historical conditions at Emmaton because of higher
simulated minimum Delta outflows for the No-Project
Alternative.  Some years had higher EC for the No-
Project Alternative.  The simulated maximum EC
values for Emmaton for the No-Project Alternative
were about 5,000 FS/cm, less than the maximum
simulated historical EC values at Emmaton of about
7,000 FS/cm.  The reduced peak EC values for the No-
Project Alternative are the result of minimum Delta
outflows simulated under the No-Project Alternative
being higher than  historical outflows because of  the
1995 WQCP objectives.

Simulated Electrical Conductivity at Jersey
Point.  Figure 3C-15 shows simulated patterns of EC
at Jersey Point for 1968-1991 for historical Delta
outflows and for the No-Project Alternative outflows.
Simulated peak EC values were generally lower for the
No-Project Alternative than for the historical
conditions at Jersey Point because simulated minimum
Delta outflows for the No-Project Alternative were
higher than historical outflows because of the 1995
WQCP outflow objectives.

Simulated values for the No-Project Alternative
were lower than simulated values for historical
conditions during several months at the ends of many
of the water years with greatest seawater intrusion.  For
such years,  Delta outflow values for the No-Project
Alternative as simulated by DeltaSOS to satisfy the
1995 WQCP objectives were greater than historical
Delta outflow values.  The simulated maximum EC
values for the No-Project Alternative at Jersey Point of
about 3,000 FS/cm were less than the maximum simu-
lated EC values for historical outflows of about 4,000
FS/cm.
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Simulated Chloride Concentrations of Delta
Exports.  Figure 3C-15 also shows the patterns of Cl-

concentration in Delta exports simulated for 1968-1991
for historical Delta outflows and for the No-Project
Alternative outflows.  Maximum simulated Cl- concen-
trations in Delta exports were sometimes lower for the
No-Project Alternative than for historical conditions
because of higher simulated minimum Delta outflows
for the No-Project Alternative.

Seawater intrusion effects are much less
pronounced in Delta exports than at Jersey Point
because Sacramento River diversions through the DCC
and Georgiana and Threemile Sloughs into the central
Delta mix with tidal flows from the lower San Joaquin
River to produce relatively freshwater conditions in
Delta exports.  In addition to seawater intrusion epi-
sodes, other fluctuations in simulated Cl-

concentrations in Delta exports are caused by variations
in San Joaquin River inflow and agricultural drainage
effects.  These effects are included in the DeltaDWQ
estimates of Delta export Cl- concentrations.

Simulated Concentrations of Dissolved Organic
Carbon and Trihalomethanes in Delta Exports for
the No-Project Alternative.  Monthly export concen-
trations of DOC were estimated for the 1995 DEIR/EIS
using the DeltaDWQ model (Appendix C4,
“DeltaDWQ:  Delta Drainage Water Quality Model”).
THM concentrations in treated drinking water were
estimated on a monthly basis using the EPA WTP
model (Appendix C5, “Modeling of Trihalomethane
Concentrations at a Typical Water Treatment Plant
Using Delta Export Water”).

Figure 3C-16 shows simulated monthly values for
DOC concentrations in Delta exports and for THM
concentrations in Delta exports treated as drinking
water for 1968-1991 under the No-Project Alternative.
The simulated DOC concentrations were highest in
winter as a result of rainfall drainage and salt leaching
from the agricultural islands.  Many of the simulated
peak DOC concentrations each year exceeded 5 mg/l.
Simulated DOC concentrations in the remainder of the
year were generally between 3 mg/l and 5 mg/l.
Simulated DOC and THM concentrations for historical
Delta inflows and exports are also shown.

The THM concentrations for treated (chlorinated)
drinking water from Delta exports simulated for the
No-Project Alternative fluctuated between about 30
Fg/l and 125 Fg/l.  High DOC concentrations simulated
in the winter drainage period contributed to increased
THM concentrations.  Elevated summer temperatures

necessitate higher chlorination doses for treatment and
result in highest THM concentrations.  Because THM
drinking water standards are based on annual averages
(as described in the next section), the 12-month moving
average pattern of simulated THM concentrations is
shown in Figure 3C-16 for the No-Project Alternative.

Measures of Potential Water Quality
Impacts and Criteria for

Determining Impact Significance

The selected water quality impact assessment vari-
ables and the methods that were used to evaluate poten-
tial impacts of DW operations on each impact
assessment variable are described below and identified
in Table 3C-5.  The significance criteria developed for
each variable (as described in this section) and the
location for assessing each variable are also identified.

The significance criteria used in the 2000
REIR/EIS are identical to those used in the 1995
DEIR/EIS except that the THM criterion has been
updated in response to changes in the federal DBP
rules; see the section from the 2000 REIR/EIS below
entitled “Criteria for Determining Impact
Significance”.

The impact significance criteria for water quality
variables that have regulatory objectives or numerical
standards, such as those contained in the 1995 WQCP,
are developed from the following general
considerations:

# Numerical water quality objectives have been
established to protect beneficial uses, and
therefore represent concentrations or values
that should not be exceeded; violation of the
limits would be significant.

# Natural variability caused by tidal flows, river
inflows, agricultural drainage, and biological
processes in the Delta channels is sometimes
quite large relative to the numerical standards
or mean values of water quality variables.

# Changes in water quality variables that are
greater than natural variations, but are within
the limits established by numerical water
quality objectives, may cause potential signifi-
cant impacts; a criterion for determining
significant changes is necessary.
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For variables with numerical water quality criteria,
the numerical limits are assumed to adequately protect
beneficial uses and provide the basic measure of an
allowable limit that will adequately protect beneficial
uses.  Because it is assumed that there are benefits in
maintaining water quality that is better than that
specified by the numerical water quality criteria, a
significance criterion is established at 90% of the
specified water quality limit.  Increases in a water
quality variable resulting in exeedence of 90% of the
numerical standard at a location is considered a
significant water quality impact.  Variables without
numerical limits would not have a maximum
significance criterion.

Natural variability is difficult to describe with a
single value, but it is assumed that 10% of the specified
numerical criterion (for variables with numerical
criteria) or 10% of the mean value (for variables
without numerical criteria) would be a reasonable
representation of natural variability that would be
expected to occur without causing a significant impact.
Measurement errors and modeling uncertainties are
likewise assumed to be about 10% of the measured or
modeled values.  Simulated changes that are less than
10% of the numerical criterion or less than 10% of the
measured or simulated mean value of the variable
would not be considered significant water quality
impacts because the simulated change would not be
greater than natural variability and model uncertainty.

A second significance criterion is based on the
assumption that some changes may be substantial in
comparison with natural variability of the water quality
variable, and could result in significant impacts.
Because the change in water quality that should be
considered substantial is not known, judgment must be
applied to establish an appropriate significance thres-
hold.  Based on professional experience, the second
significance criterion has been selected to be 20% of
the numerical limits (for variables with numerical
limits), or 20% of the mean value (for variables without
numerical limits).  It is assumed that this 20% change
criterion would prevent relatively large changes that
may have potentially significant impacts on beneficial
uses.

The selected 20% change significance criterion is
a relatively simple rule that is used in this impact
assessment for all water quality variables.  However, it
may be determined that some beneficial uses are more
sensitive to specific water quality variables than to
others, and that other significance criteria should be
applied.  Because the proposed mitigation measure for

all water quality variables is to limit the estimated
effects of DW operations on water quality so that they
remain less than the specified significance criterion
(90% of limit and 20% change), the significance
criterion used for impact significance can be adjusted,
as appropriate, in the terms and conditions of the water
right permits and in the mitigation measures and
monitoring plan required by the lead agencies.

Criteria for Electrical Conductivity and Chloride 

EC and Cl- concentrations are directly controlled
by existing (1995 WQCP) Delta objectives for
agricultural, fishery, and water supply uses and Suisun
Marsh standards for estuarine and fish and wildlife
habitat uses.  Current (1995 WQCP) Delta EC and Cl-

objectives vary with month and water-year type.  The
1995 WQCP objectives only apply for some months
and at some locations.  The applicable  objectives for
Cl- are either 150 mg/l or 250 mg/l at the three south
Delta export locations (CCWD Rock Slough, SWP
Banks, and CVP Tracy).  Applicable EC objectives are
specified for Chipps Island, Emmaton, Jersey Point,
and the export locations.  Significance criteria for EC
and Cl- may therefore be different for each month at
each Delta location

Increases in EC values and Cl- concentrations
resulting in exceedance of 90% of these standards at
specified locations in the Delta are considered to be
significant water quality impacts.  Changes in EC
values and Cl- concentrations are also considered to be
significant if they exceed 20% of the applicable
objective.

The selected thresholds for impact significance for
EC values and Cl- concentrations (see Table 3C-5) may
vary with month and water-year type at locations with
applicable Delta objectives.  For example, estuarine EC
objectives specified in the 1995 WQCP are applicable
at Chipps Island during several months (February to
June of some years).  The minimum applicable EC
objective at Chipps Island is about 2,400 FS/cm
(corresponding to the 2-ppt salinity location [X2] at
Chipps Island).  The 1995 WQCP agricultural
objectives for EC, ranging from 450 FS/cm to 2,200
FS/cm, are applicable at Jersey Point from April
through August 15.  Similar EC objectives are
applicable at Emmaton.  The 1995 WQCP contains an
EC objective for Delta exports of 1,000 FS/cm for all
months.
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The selected significance threshold of a 20%
change relative to the EC objective also applies at these
locations.  For Chipps Island, the threshold of 20%
change is equivalent to an allowable increase of 520
FS/cm when the 2,600-FS/cm estuarine objective is
applicable.  At Emmaton and Jersey Point, the
threshold of 20% change is equivalent to an allowable
increase of 90 FS/cm when the 450-FS/cm EC
objective is applicable.  The threshold of a 20% change
is equivalent to an allowable increase of 200 FS/cm in
Delta exports.

The 1995 WQCP includes Cl- objectives that apply
at the three export locations.  The Cl- objective at the
CCWD intake is 150 mg/l for some portion of each
water-year type, and 250 mg/l for the remainder of the
year.  The applicable Cl- objective at the other export
locations is 250 mg/l.  The selected significance criteria
of 90% of the Cl- objective (i.e., 135 mg/l or 225 mg/l)
and a 20% change relative to the objective (i.e., 30 mg/l
or 50 mg/l) applies at these locations.  

Bromide Criteria

Although Br- concentrations are generally
correlated with Cl- concentrations, no water quality
objectives apply to Br-.  The bromide-to-chloride ratio
(Br-/Cl-)of 0.0035 in seawater and San Joaquin River
water indicates that a Cl- concentration of 150 mg/l (the
lowest Cl- objective for water supply) corresponds to a
Br- concentration of about 0.5 mg/l (150 mg/l % 0.0035
= 0.525 mg/l).  An increase in Br- of 0.1 mg/l would
correspond to a 20% increase relative to the equivalent
Cl- concentration at the applicable Cl- objective of 150
mg/l.  For a 250-mg/l Cl- objective, the 20% increase in
Br- concentration would be about 0.175 mg/l.
Therefore, increases in  Br- concentrations in Delta
exports exceeding 0.1 mg/l are considered to be
significant water quality impacts.  Field monitoring of
Cl- concentrations can be used to estimate the Br- con-
centration for mitigation purposes.  Mitigation for Cl-

would also control Br-.

Criteria for Dissolved Organic Carbon

DOC concentrations in the Delta exhibit relatively
large fluctuations (see Appendix C1, “Analysis of
Delta Inflow and Export Water Quality Data”).
Although no water quality objectives apply to DOC
concentrations, criteria for DOC can be determined
from average data on Delta DOC and the estimated
effects of DOC concentrations on THM concentrations

in treated drinking water (see Appendix C5, “Modeling
of Trihalomethane Concentrations at a Typical Water
Treatment Plant Using Delta Export Water”).
Increases in export DOC of more than 20% of the mean
DOC concentration (5 mg/l), or about 1 mg/l, are
considered to be significant water quality impacts.
DOC concentrations can be reliably estimated using
UVA field measurements for mitigation monitoring
purposes (see Appendix C3, “Water Quality
Experiments on Potential Sources of Dissolved
Organics and Trihalomethane Precursors for the Delta
Wetlands Project”).  Because THM standards involve
annual average criteria, the estimated export DOC
increases might also be averaged for purposes of
mitigation monitoring compliance.

Trihalomethane Criteria

The EPA standard for THM concentrations in
drinking water was specified at 100 Fg/l when the
1995 DEIR/EIS was being prepared; the standard was
subsequently changed to 80 Fg/l.  THM concentrations
vary season-ally because of DOC and temperature
variations.  Therefore, averages of quarterly or monthly
samples are used for EPA compliance monitoring.  An
increase in THM resulting in a concentration of more
than 90% of the EPA standard of 100 Fg/l (as
simulated on a monthly average basis) or an increase of
more than 20% of the standard, or 20 Fg/l, was
considered to be a significant impact in the
1995 DEIR/EIS analysis.  Because the THM criterion
is an annual average value, simulated monthly THM
concentrations might be averaged for purposes of
mitigation monitoring compliance.

DW discharges would likely be exported for only
a few months during a year.  The increase in monthly
THM concentrations resulting from DW discharges
would therefore not be expected to increase the annual
average THM concentrations substantially.  THM
concentrations can be estimated based on field
monitoring of UVA measurements from Delta channels
and stored water and the simulated relationship
between the UVA of raw water and expected THM
concentrations in treated water, as described in
Appendix C3.

Other Water Quality Criteria

Temperature, SS, DO, and chlorophyll are consid-
ered to be highly transient variables exhibiting
significant daily or hourly fluctuations that cannot be
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predicted quantitatively in this water quality
assessment.  These variables cannot be quantitatively
assessed because DW project operations are simulated
based on average monthly flows and modeling
techniques are not available to reliably simulate
patterns of these variables.

The water quality impacts of these variables, how-
ever, can be assessed qualitatively.  The following
significance criteria for these other water quality vari-
ables are based on their observed fluctuations in the
Delta (DWR 1989).  Mitigation monitoring to compare
DW discharge water quality with channel water quality
should be required.

Temperature.  In the 1995 DEIR/EIS analysis of
project impacts on fisheries (see Chapter 3F, “Fishery
Resources”), increases of more than 1oF in water
temperatures in channels near DW project discharge
locations, when channel temperature exceeds 60oF,
were considered significant impacts requiring
mitigation.  The biological opinions issued in 1997 and
1998 by NMFS, USFWS, and DFG specify the
temperature criteria and monitoring methods
considered appropriate for protecting fish resources.

Suspended Sediments.  SS concentrations in
Delta channels typically average approximately
15 mg/l, and standard deviations are typically 50% of
the mean value (DWR 1989).  Therefore, increases in
channel SS concentrations of more than 20% of the
channel SS concentration are considered significant
impacts that must be mitigated.  The SS criteria and
appropriate monitoring methods would be specified by
SWRCB.

Dissolved Oxygen.  DO concentrations in Delta
channels are normally near saturation values that range
from about 11.5 mg/l at 10oC to about 8.5 mg/l at 25oC.
Diurnal variations in DO caused by algal
photosynthesis often exceed 1 mg/l.  Based on fish
response to water low in DO (i.e., less than 5 mg/l),
decreases in channel DO concentrations of more than
20% or resulting in DO concentrations below 5 mg/l
are considered significant impacts that must be
mitigated.  The DO criteria and appropriate monitoring
methods would be specified by SWRCB.

Chlorophyll.  Chlorophyll concentrations in Delta
channels average about 10 Fg/l on an annual basis
(DWR 1989).  In spring and summer, however,
chlorophyll concentrations often exceed 20 Fg/l, with
maximum values greater than 50 Fg/l during
phytoplankton “blooms”.  Chlorophyll concentrations

can be estimated in the field with calibrated
fluorometric monitors.  Based on available data on
chlorophyll in south Delta channels, increases of more
than 20% in channel chlorophyll concentrations are
considered significant impacts that must be mitigated.
The chlorophyll criteria and appropriate monitoring
would be specified by SWRCB.

Pollutant Contamination

Another water quality variable that cannot be
quantitatively predicted in this water quality assessment
is pollutant contamination.  The DW project islands
contain several sites of potential soil contamination
caused by historical agricultural operations or waste
disposal.  These sites potentially could release
pollutants into water stored on the reservoir islands at
concentrations that might exceed water quality
standards.  Contamination of stored water exceeding
applicable water quality standards is considered a
significant impact that  would be prevented through
mitigation.

IMPACTS AND MITIGATION
MEASURES OF

ALTERNATIVE 1

As defined in the 1995 DEIR/EIS, Alternative 1
involves potential year-round diversion and storage of
surplus water on Bacon Island and Webb Tract (reser-
voir islands).  Bouldin Island and Holland Tract
(habitat islands) would be managed primarily as
wildlife habitat.

It was assumed that under Alternative 1, DW
diversions could occur in any month with surplus
flows.  In DeltaSOS 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, or when pumping
capacity is not being used for other reasons.

Water would be diverted to the reservoir islands
(238-TAF water storage capacity) at a maximum
average monthly diversion rate of 4,000 cfs, which
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would fill the two reservoir 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 reservoirs 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 average discharge rate is
assumed to be 4,000 cfs, allowing the two reservoir
islands to empty in one month.

For the 2000 REIR/EIS, project operations under
Alternative 1 were revised by the FOC terms and
RPMs.  The FOC terms specify the allowable timing
and magnitude of project diversions for storage and
discharges for export or outflow.  See Chapter 2,
“Delta Wetlands Project Alternatives”, and Chapter
3A, “Water Supply and Water Project Operations”, for
more information.

Delta Salinity Conditions
(Electrical Conductivity, Chloride, and Bromide)

Water quality impacts of salinity increases were
assessed for four selected locations in the Delta:
Chipps Island, Emmaton, Jersey Point, and Delta
exports (representative of the CCWD Rock Slough
intake, the SWP Banks Pumping Plant, and the CVP
Tracy Pumping Plant).  Impacts were measured based
on changes in EC values and Cl- concentrations from
the values simulated for the No-Project Alternative.
The monthly results for the 1968-1991 period
simulated for the 1995 DEIR/EIS are shown in
Table B2-2 in Appendix B2.

DW project diversions would potentially occur
during months with relatively high Delta outflows,
when EC values in the Delta are low.  Because DW
discharges and export of DW discharges would not
change Delta outflow, effects of DW discharges on
Delta EC would be minor.  DW discharge salinity may
be less than export salinity, creating a small water
quality benefit.

Chipps Island

Figure 3C-17 shows the monthly EC values for
Alternative 1 at Chipps Island and the changes from the
monthly EC values for the No-Project Alternative for
1968-1991 as simulated for the 1995 DEIR/EIS.
Appendix B2 (Table B2-2) gives the monthly results

for the 1968-1991 simulations.  DWRSIM results that
were used in the DeltaSOS simulations required Delta
outflows that would constrain DW project operations
to satisfy applicable 1995 WQCP objectives for
outflow and EC.  Thus, simulated DW operations
would not have caused significant adverse impacts by
exceeding the applicable EC standards for Chipps
Island.  Some of the simulated EC values may have
exceeded the 90% significance criterion because this
criterion was not included in the DeltaSOS simulations.
The selected significance criterion for change (20% of
the applicable maximum EC limit) may also have been
violated, because it was not included in the DeltaSOS
simulations.

Table 3C-6 shows an example of the procedure
that should be used to determine significant water
quality impacts of DW project operations, which would
require mitigation of reducing DW project operations
to comply with the selected significance criteria, as
specified in DW mitigation requirements.  Table 3C-6
shows changes in EC at Chipps Island simulated to
result from operations under Alternative 1 for the 1922-
1991 period, compared with the selected monthly
significance criteria for Chipps Island.  The
significance criteria depend on the applicable EC
objective, which may change with month or with year
type or runoff conditions, as specified in the 1995
WQCP.

Significance criteria for Chipps Island were
estimated from the 1995 WQCP minimum outflow
objectives, using the relationship between effective
Delta outflow and EC at Chipps Island (Figure 3C-9).
These outflow objectives may vary for some water-year
types.  Once the equivalent EC objective is determined,
the significance criteria are estimated as 90% and 20%
of the maximum EC limit.

The applicable estuarine salinity (X2) objective for
Chipps Island for February to June (of some years)
requires an effective outflow of 11,400 and is
equivalent to an EC value of about 2,600 FS/cm.
However, for some months with lower runoff, the
estuarine salinity objective is at Collinsville (requiring
an effective outflow of 7,100 cfs), and the Chipps
Island EC value would be approximately 5,000 FS/cm
(Figure 3C-9).  During most other months, the required
Delta outflow is between 3,000 cfs and 4,500 cfs,
corresponding to EC values of between 10,000 FS/cm
and 14,000 FS/cm.  These designated monthly
significance criteria for Chipps Island are therefore
approximate, and may not accurately reflect the
applicable standard in each year of simulated operation.
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Significant water quality impacts of DW opera-
tions will occur only during months for which DW
diversions are simulated.  Table 3C-6 evaluates
significant impacts at Chipps Island for September
through March, which are the only months in the 1995
DEIR/EIS simulations with DW diversions of more
than 500 cfs (Table B2-2).  Most DW diversions are
simulated for October-January.  In October, DW
diversions of greater than 500 cfs were simulated for
16 years of the 70-year (1922-1991) simulation period.
The 90% criterion of 9,900 FS/cm was never exceeded,
but changes in EC of more than the 20% change
criterion of 2,200 FS/cm were simulated in 8 of the
years.  These changes in EC were considered signifi-
cant.  Similar results were determined for November
and September.  Very few significant changes were
simulated in December through March.  During these
months, the simulated outflows were higher and the
changes in EC caused by DW diversions were corres-
pondingly lower.  No significant changes were shown
for April through August because DW diversions were
not simulated for these months under Alternative 1.

The determination of significant EC changes at
Chipps Island shown in Table 3C-6 is based on the
monthly simulation results and approximate
significance criteria estimated from the outflow
objectives.  These results are presented to illustrate the
method for determining significant impacts.  Mitigation
requirements to be specified by the EIR/EIS lead
agencies would incorporate all applicable EC object-
ives and anticipated DW operations, as estimated with
daily flows and appropriate averaging periods (see
Appendix A4, “Possible Effects of Daily Delta
Conditions on Delta Wetlands Project Operations and
Impact Assessments”).  Mitigation monitoring would
incorporate both field measurements and calculations
of likely effects because EC monitoring and other water
quality measurements would be affected once DW
begins operations.  Impacts would be estimated based
on changes from the conditions estimated for the No-
Project Alternative from the monitoring measurements.

For some months at Chipps Island, simulated EC
values  were lower for Alternative 1 than for the No-
Project Alternative (see Table B2-2 in Appendix B2).
These reductions in EC values would occur because
agricultural diversions for irrigation on the DW project
islands would be reduced and Delta outflow would be
slightly increased.

The project effects on Chipps Island EC that were
reported in the 2000 REIR/EIS are less than those
reported above from the 1995 DEIR/EIS.  As a result

of incorporation of the FOC terms into proposed
project operations, none of the simulated changes in
EC at Chipps Island were found to exceed the
significance criterion.  Therefore, this impact was
determined to be less than significant.  See the section
from the 2000 REIR/EIS entitled “Impacts of the
Proposed Project” below.

Emmaton

Figure 3C-17 also shows the monthly EC values
for Alternative 1 at Emmaton and the changes from the
monthly EC values for the No-Project Alternative for
1968-1991 as simulated for the 1995 DEIR/EIS.
Applicable EC objectives for Emmaton for April to
August range from 450 FS/cm to 2,780 FS/cm,
depending on water-year type.  DWRSIM results that
were used in the DeltaSOS simulations required Delta
outflows that would constrain DW project operations
to correspond with the applicable objectives in each
month of each water-year type.  Thus, the simulated
DW operations could not have caused significant
adverse impacts by exceeding the applicable EC objec-
tives for Emmaton.  The only possible significant
impacts would result from DW project operations
exceeding the selected threshold of a 20% change.

Some of the simulated changes between Alterna-
tive 1 and the No-Project Alternative at Emmaton were
greater than 90 FS/cm but did not occur during a month
with applicable EC objectives for Emmaton.  However,
if a change in EC is greater than 20% of the applicable
EC objective, the change in EC would be considered a
significant impact at Emmaton and would require miti-
gation.  Mitigation requirements would be similar to
those discussed above for Chipps Island.

For some months at Emmaton, simulated EC
values  were lower for Alternative 1 than for the No-
Project Alternative.  These reductions in EC values
would occur because agricultural diversions for
irrigation on the DW project islands would be reduced
and Delta outflow would be slightly increased.
Simulated EC values were increased by simulated DW
diversions during other months but did not exceed a
significance criterion because there are no applicable
EC objectives for Emmaton for those months.

Because the FOC terms now limit DW diversions,
the changes in Emmaton EC values under simulated
project operations presented in the 2000 REIR/EIS are
less than those predicted in the 1995 DEIR/EIS and
presented above.  However, the new analysis concludes
that DW project operations could still exceed the
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significance criterion of a 20% change.  See the section
from the 2000 REIR/EIS entitled “Impacts of the
Proposed Project” below.

Jersey Point

Figure 3C-18 shows the monthly EC values for
Alternative 1 at Jersey Point and the changes from the
monthly EC values for the No-Project Alternative for
1968-1991 as simulated for the 1995 DEIR/EIS.
Applicable EC objectives for Jersey Point for April to
August range from 450 FS/cm to 2,200 FS/cm,
depending on water-year type.  DWRSIM results that
were used in the DeltaSOS simulations required Delta
outflows that would constrain DW project operations
to correspond with the applicable objectives in each
month of each water-year type.  Thus, the simulated
DW operations would not have caused significant
adverse impacts by exceeding the applicable EC
objectives for Jersey Point.  The only possible signi-
ficant impacts would result from DW project
operations exceeding the selected threshold of a 20%
change.

Some of the simulated changes between Alterna-
tive 1 and the No-Project Alternative at Jersey Point
were greater than 90 FS/cm but did not occur during a
month with applicable EC objectives for Jersey Point.
However, if a change in EC is greater than 20% of the
applicable EC objective, the change in EC would be
considered a significant impact at Jersey Point and
would require mitigation.

For some months at Jersey Point, simulated EC
values for Alternative 1 were less than those for the
No-Project Alternative.  These reductions in EC values
would occur because agricultural diversions for
irrigation on the DW project islands would be reduced
and Delta outflow would be slightly increased.
Simulated EC values were increased by simulated DW
diversions during other months but did not exceed
significance criteria because there are no applicable EC
objectives for Jersey Point for those months.

Because the FOC terms now limit DW diversions,
the changes in Jersey Point EC values under simulated
project operations presented in the 2000 REIR/EIS are
less than those predicted in the 1995 DEIR/EIS and
presented above.  However, the new analysis concludes
the project operations could still exceed the
significance criterion of a 20% change.  See the section
from the 2000 REIR/EIS entitled “Impacts of the
Proposed Project” below.

Delta Exports

Figure 3C-18 also shows the monthly Cl-

concentrations for Alternative 1 in Delta exports and
the changes from the monthly Cl- concentrations for the
No-Project Alternative for 1968-1991as simulated for
the 1995 DEIR/EIS.  Monthly values are given in Table
B2-2 for the 1968-1991 period.  The applicable Cl-

objective for all Delta exports is 250 mg/l, with some
periods of 150 mg/l required for CCWD diversions
(depending on water-year type).  DWRSIM results that
were used in the DeltaSOS simulations required Delta
outflows that would constrain DW project operations
to correspond with the applicable objectives in each
month of each water-year type.  Thus, the simulated
DW operations could not have caused significant
adverse impacts by exceeding the applicable Cl-

objectives for CCWD (or other export locations).  The
only possible significant impacts would result from
DW project operations exceeding the selected threshold
of a 20% change.

Some of the simulated changes between Alterna-
tive 1 and the No-Project Alternative in Delta exports
were greater than 30 mg/l but may not have occurred
during a month with applicable 150-mg/l Cl- objectives
for CCWD.  However, if a change in Cl- is greater than
20% of the applicable Cl- objective, the change in Cl -
would be considered a significant impact in Delta
exports and would require mitigation.  Because the
250-mg/l objective is applicable in all months, any
increase in Delta export Cl- concentration of greater
than 50 mg/l  or above the significance criterion of 225
mg/l would be considered a significant impact that
would require mitigation.

For some months, simulated Delta export Cl-

concentrations for Alternative 1 were less than those
for the No-Project Alternative.  These reductions in Cl-

concentrations would occur because agricultural
diversions for irrigation on the DW project islands
would be reduced and Delta outflow would be slightly
increased.  Simulated Cl- concentrations were increased
during other months by simulated DW diversions that
reduce Delta outflow, while some increased Cl-

concentrations were the result of DW discharges of
water with relatively high Cl- concentrations compared
with southern Delta channel Cl- concentrations.
Figure 3C-18 indicates that no Cl- changes of greater
than 50 mg/l were simulated during the 1968-1991
period in the 1995 DEIR/EIS analysis.

The project effects on Delta export Cl- reported in
the 2000 REIR/EIS are less than those reported above
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from the 1995 DEIR/EIS.  See the section from the
2000 REIR/EIS entitled “Impacts of the Proposed
Project” below.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-1:  Salinity (EC) Increase at Chipps
Island during Months with Applicable EC Objec-
tives.  Implementation of Alternative 1 may cause
reductions in Delta outflow during periods of DW
project diversions.  Outflow reductions could result in
adverse impacts on salinity near Chipps Island.
However, as a result of incorporation of the FOC terms
into proposed project operations, simulated changes in
EC at Chipps Island did not exceed the significance
criteria in the 2000 REIR/EIS simulations.  (See the
section from the 2000 REIR/EIS below entitled
“Impacts of the Proposed Project”).  Therefore, this
impact is considered less than significant.

Mitigation Measure C-1 was recommended in the
1995 DEIR/EIS to reduce potential project effects on
salinity at Chipps Island.  Because this impact is
considered less than significant, no mitigation is
required.  However, the EIR/EIS lead agencies likely
will require that DW monitor salinity effects of the
project to demonstrate compliance with the FOC terms
and Delta salinity standards.  Therefore, Mitigation
Measure C-1 is still recommended.

Mitigation Measure C-1:  Restrict DW
Diversions to Limit EC Increases at Chipps Island.
DW shall obtain daily EC measurements for Chipps
Island and calculate the change in EC attributable to
scheduled DW diversions, and shall restrict daily diver-
sions whenever the 90% maximum criterion or 20%
change criterion would be exceeded.  DW shall submit
to SWRCB a monthly report of measured EC,
estimated No-Project Alternative conditions, and
calculated EC contribution from DW operations.

The estimated EC without DW diversions would
be compared with the expected EC value produced by
maximum possible DW diversions each day.  Possible
DW diversions would be restricted if the expected
maximum effect on the Chipps Island EC value
exceeded the selected significance criterion of an EC
increase.  The magnitude of the decrease in Delta
outflow that would be allowable without this criterion
being exceeded can be estimated by the approximate
relationship between effective Delta outflow and EC at
Chipps Island (Appendix B2, “Salt Transport Modeling

Methods and Results for the Delta Wetlands Project”).
DW diversions would be more restricted at lower Delta
outflows to satisfy this mitigation condition.

Impact C-2:  Salinity (EC) Increase at
Emmaton.   Implementation of Alternative 1 may
cause reductions in Delta outflow during periods of
DW project diversions that would significantly increase
salinity near Emmaton.  Although DW project
operations under Alternative 1 would not violate
established water quality objectives for Emmaton,
changes in salinity (EC) may exceed 20% of the appli-
cable objective during periods of low Delta outflow, as
indicated by the simulation results.  Therefore, this
impact is considered significant.

Implementing Mitigation Measure C-2 would
reduce Impact C-2 to a less-than-significant level.

Mitigation Measure C-2:  Restrict DW
Diversions to Limit EC Increases at Emmaton.  DW
shall obtain daily EC measurements for Emmaton and
calculate the change in EC attributable to scheduled
DW diversions, and shall restrict daily diversions
whenever the 90% maximum criterion or 20% change
criterion would be exceeded.  DW shall submit to
SWRCB a monthly report of measured EC, estimated
No-Project Alternative conditions, and calculated EC
contribution from DW operations.

The estimated EC without DW diversions would
be compared with the expected EC value produced by
maximum possible DW diversions each day.  Possible
DW diversions would be restricted if the expected
maximum effect on the Emmaton EC value exceeded
the selected significance criterion of an EC increase
during periods with applicable EC objectives for
Emmaton.  The magnitude of the decrease in Delta
outflow that would be allowable without this criterion
being exceeded can be estimated by the approximate
relationship between effective Delta outflow and EC at
Emmaton (Appendix B2).  DW diversions would be
more restricted at lower Delta outflows to satisfy this
mitigation condition.

Impact C-3:  Salinity (EC) Increase at Jersey
Point.  Implementation of Alternative 1 may cause
reductions in Delta outflow during periods of DW
project diversions that would significantly increase
salinity near Jersey Point.  Although DW project
operations under Alternative 1 would not violate
established water quality objectives for  Jersey Point,
changes in salinity (EC) may exceed 20% of the
applicable objective during periods of low Delta
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outflow.  Therefore, this impact is considered
significant.

Implementing Mitigation Measure C-3 would
reduce Impact C-3 to a less-than-significant level.

Mitigation Measure C-3:  Restrict DW
Diversions to Limit EC Increases at Jersey Point.
DW shall obtain daily EC measurements for Jersey
Point and calculate the change in EC attributable to
scheduled DW diversions, and shall restrict daily
diversions whenever the 90% maximum criterion or
20% change criterion would be exceeded.  DW shall
submit to SWRCB a monthly report of measured EC,
estimated No-Project Alternative conditions, and
calculated EC contribution from DW operations.

The estimated EC without DW diversions would
be compared with the expected EC value produced by
maximum possible DW diversions each day.  Possible
DW diversions would be restricted if the expected
maximum effect on the Jersey Point EC value exceeded
the selected significance criterion of an EC increase
during periods with applicable EC objectives for Jersey
Point.  The magnitude of the decrease in Delta outflow
that would be allowable without this criterion being
exceeded can be estimated by the approximate
relationship between effective Delta outflow and EC at
Jersey Point (Appendix B2).  DW diversions would be
more restricted at lower Delta outflows to satisfy this
mitigation condition.

Impact C-4:  Salinity (Chloride) Increase in
Delta Exports.  Implementation of Alternative 1 may
cause reductions in Delta outflow during periods of
DW project diversions that would cause increases in
Cl- concentrations.  DW discharges of high-salinity
water could also cause an adverse impact on salinity in
Delta exports.  However, as a result of incorporation of
the FOC terms into proposed project operations,
simulated changes in export Cl- did not exceed the
significance criteria in the 2000 REIR/EIS simulations.
(See the section from the 2000 REIR/EIS below
entitled “Impacts of the Proposed Project”.)  Therefore,
this impact is considered less than significant.

Mitigation Measure C-4 was recommended in the
1995 DEIR/EIS to reduce potential project effects on
salinity in Delta exports.  Because this impact is
considered less than significant, no mitigation is
required.  However, the EIR/EIS lead agencies likely
will require that DW monitor salinity effects of the
project to demonstrate compliance with the FOC terms

and Delta salinity standards.  Therefore, Mitigation
Measure C-4 is still recommended.

Mitigation Measure C-4:  Restrict DW
Diversions or Discharges to Limit Chloride Concen-
trations in Delta Exports.  DW shall obtain daily Cl-

concentration measurements from CCWD Rock Slough
intake and calculate the change in concentration attri-
butable to scheduled DW diversions, and shall restrict
daily diversions whenever the 90% maximum criterion
or 20% change criterion would be exceeded.  DW shall
submit to SWRCB a monthly report of measured Cl-,
estimated No-Project Alternative conditions, and calcu-
lated Cl- contribution from DW operations.

The estimated Cl- concentration without DW diver-
sions would be compared with the expected Cl- value
produced by maximum possible DW diversions each
day.  Possible DW diversions would be restricted if the
expected maximum effect on Cl- concentration of Delta
exports exceeded the selected significance criterion of
30 mg/l or 50 mg/l or exceeded the 90% maximum
criterion.  The magnitude of the decrease in Delta
outflow that would be allowable without this threshold
being exceeded can be estimated by the approximate
relationship between effective Delta outflow and EC at
Chipps Island (Appendix B2).  DW diversions would
be more restricted at lower Delta outflows to satisfy
this mitigation condition.  Measurement of Cl-

concentration in DW storage water could be used to
calculate expected Cl- concentration in Delta exports
with maximum DW discharges.  DW discharges would
be limited if necessary to avoid violation of the
significance criteria.

Export Concentrations of Dissolved 
Organic Carbon

Water quality impacts resulting from increases in
export DOC concentrations were assessed for Delta
exports in the south Delta.  Impacts were measured
based on DOC concentrations for Alternative 1 and the
change in DOC concentration from No-Project
Alternative conditions, as simulated by the DeltaDWQ
model for the 1995 DEIR/EIS analysis.

Figure 3C-19 shows monthly DOC concentrations
for Alternative 1 and the changes from the No-Project
Alternative DOC concentrations in Delta exports for
1968-1991 as simulated for the 1995 DEIR/EIS.
Measurements of DOC from the Penitencia Water
Treatment Plant for 1991 are shown for reference.  The
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simulation results indicated that Alternative 1 would
slightly reduce export DOC concentrations during
many months without DW diversions or DW
discharges.  During these months, the amounts of DW
island agricultural drainage containing relatively high
DOC concentrations would be reduced under
Alternative 1 compared with DOC concentrations
expected under the No-Project Alternative.  Slightly
less agricultural drainage would be exported, and the
export DOC concentrations would be slightly reduced.
The monthly results are given in Table C5-3 in
Appendix C5 for 1968-1991.

Simulated export DOC concentrations were also
slightly decreased under Alternative 1 during months
with DW diversions because DW diversions reduced
the relative contribution of agricultural drainage and
San Joaquin River inflow to Delta exports.  DW
diversions would require a greater contribution of
Sacramento River inflow to Delta exports.

For example, during a month with approximately
12,000 cfs of export pumping and 3,000 cfs of agri-
cultural drainage, the contribution of agricultural
drainage in exported water would be about 25%
(3,000/12,000).  DW diversions of 3,000 cfs would
increase the total diversions to 15,000 cfs, and thereby
reduce the agricultural drainage contribution in exports
to 20% (3,000/15,000).  The agricultural drainage
would be replaced by Sacramento River water.  In this
example, about 20% of the agricultural drainage would
be diverted onto the DW reservoir islands.

The effects of Alternative 1 on export DOC
concentrations during months with DW discharges for
export would depend on the difference between the
estimated DOC concentration in DW discharge and the
DOC simulated for operations under the No-Project
Alternative.  For some months, the DeltaDWQ
simulations indicated that DW discharges could
increase the export DOC concentrations slightly.

The selected significance criterion for a change in
export DOC concentration is 0.8 mg/l, 20% of the
mean value (4 mg/l).

Table 3C-7 gives a summary of the changes in
export DOC concentrations (from No-Project
Alternative DOC concentrations) resulting from DW
operations under Alternative 1 for 1967-1991, as
simulated for the 1995 DEIR/EIS (see Appendix C5 for
monthly results).  The DeltaDWQ results are reported
for each month as either increases in DOC
concentration or decreases in DOC concentration.  The

number of months (out of 25) and the average change
in DOC concentration are given for both increases and
decreases.  For example, the largest average monthly
increase in DOC of 0.17 mg/l occurs in July.  Increases
in DOC during July were simulated in 15 years, with
decreases simulated in 10 years.  The five largest
simulated changes, and the five greatest percentage
changes (from No-Project Alternative values) are also
shown for each month.  The highest simulated DOC
concentration change in July was 1.0 mg/l.  All other
simulated changes were less than 0.8 mg/l.

Table 3C-7 indicates that Alternative 1 caused only
one month of simulated changes in export DOC
concentrations from the No-Project Alternative DOC
concentrations that were more than the selected
significance criterion of 0.8 mg/l.  Any simulated
change in export DOC concentration of more than
0.8 mg/l was considered a significant impact that would
require mitigation.

The 2000 REIR/EIS presented a revised analysis
of project effects on DOC concentrations in Delta
exports.  The project effects on export DOC reported in
the 2000 REIR/EIS are greater than those reported
above from the 1995 DEIR/EIS.  Results of the revised
analysis conclude that the proposed project would
result in a significant impact on export concentrations
of DOC.  See the discussion of export concentrations
of DOC in the section from the 2000 REIR/EIS below
entitled “Impacts of the Proposed Project”.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-5:  Elevated DOC Concentrations in
Delta Exports (CCWD Rock Slough, SWP Banks,
CVP Tracy).  Discharges from the DW project islands
may have relatively high DOC concentrations that may
significantly increase DOC concentrations in Delta
exports.  Simulation results predict that in some months
DOC increases would exceed 0.8 mg/l.  Based on the
selected significance criterion, these increases would be
considered a significant impact.

Implementing Mitigation Measure C-5 would
reduce Impact C-5 to a less-than-significant level.

Mitigation Measure C-5: Restrict DW Dis-
charges to Prevent DOC Increases of Greater Than
0.8 mg/l in Delta Exports.  DW shall make measure-
ment of DOC concentrations in stored DW project
water and in channels receiving the DW discharge
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water and shall estimate the increase in export DOC
that would result from maximum DW discharges.  DW
shall limit project discharges if this expected maximum
effect on export DOC exceeds the selected significance
criterion of an allowable change in export DOC
concentration of 0.8 mg/l.  DW shall submit to
SWRCB a monthly report of DOC concentrations in
water stored on the DW reservoir islands, DOC
channel concentrations estimated for the No-Project
Alternative, and DOC increases in Delta exports
attributable to DW project operations.

The DOC measurements should be obtained using
the best available monitoring equipment (which may
now include field automated TOC analyzers) or could
be obtained through conversion of  field measurements
of UVA using known relationships with DOC
concentrations  (Appendix C1, “Analysis of Delta
Inflow and Export Water Quality Data”, and Appendix
C2, “Analysis of Delta Agricultural Drainage Water
Quality Data”).

Trihalomethane Concentrations in 
Treated Drinking Water

Impacts of increases in THM concentrations in
treated drinking water caused by implementation of
Alternative 1 were assessed based on simulated THM
concentrations and changes from THM concentrations
under the No-Project Alternative.  Figure 3C-19 (lower
panel) gives the monthly patterns of simulated THM
concentrations in treated drinking water for
Alternative 1 and the changes between the No-Project
Alternative and Alternative 1 as simulated for the
1995 DEIR/EIS.  Measurements of THM from the
Penitencia Water Treatment Plant for 1991 are shown
for reference.

Under the 1995 DEIR/EIS significance criteria,
implementation of Alternative 1 would cause a signi-
ficant adverse impact on THM levels in treated
drinking water exported from the Delta if one of the
following were exceeded because of DW project
discharges:

# 90% of the THM objective for treated
drinking water of 100 Fg/l (90 Fg/l) or

# an increase of THM concentration of more
than 20% of the THM objective (20 Fg/l).

Figure 3C-19 indicates that in the 1995 DEIR/EIS
simulations, the monthly THM concentrations under
Alternative 1 were greater than 90 Fg/l only for 1977,
and the changes in THM concentrations were always
simulated to be less than 20 Fg/l. The monthly results
for 1968-1991 are given in Table C5-3 in Appendix
C5, “Modeling of Trihalomethane Concentrations at a
Typical Water Treatment Plant Using Delta Export
Water”.

Table 3C-8 gives a summary of the changes in
THM concentrations in treated (chlorinated) export
water (from No-Project Alternative THM concentra-
tions) resulting from DW operations under Alterna-
tive 1 for 1967-1991, as simulated for the
1995 DEIR/EIS (see Appendix C5 for monthly results).
The results from the EPA WTP model are reported for
each month as either increases or decreases in DOC
concentrations.  The number of months (out of 25) and
the average change in THM concentration are given for
both increases and decreases.  For example, the largest
average monthly increase in THM of 3.21 Fg/l occurs
in July.  Increases occurred in 15 years, with decreases
simulated in 10 years.  The five largest simulated
changes, and the five greatest percentage changes (from
No-Project Alternative values) are also shown for each
month.  None of the simulated monthly changes were
greater than 20 Fg/l.

The 1995 DEIR/EIS analysis found that under
Alternative 1, THM concentrations would be reduced
slightly in most months without DW discharges
because agricultural drainage amounts from the DW
islands would be reduced from amounts expected to be
discharged under the No-Project Alternative.  Agricul-
tural drainage contains relatively high DOC concentra-
tions that would be converted to THMs by chlorination
of Delta export water.

The effects of Alternative 1 on THM
concentrations during discharge and export of DW
stored water would depend on changes in DOC
concentration caused by implementation of the DW
project and the temperature of the Delta export water.
Temperature has a strong influence on the conversion
of DOC to THM in the simulated water chlorination
process (see Appendix C5).

Because of substantial monthly variations in THM
concentrations, the EPA monitoring requirements allow
monthly or quarterly THM samples to be averaged; at
the time that the 1995 DEIR/EIS was being prepared,
the THM objective was an annual average of 100 Fg/l.
Because DW project discharges would occur for a
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limited period each year, the possible effects on annual
average THM concentrations are much less than the
increases attributable to increased DOC or Br-

concentrations during the discharge period.  Therefore,
the significance criteria for THM concentrations
applied during periods of DW discharge is a worst-case
approach that will reduce any possible increase in
THM concentrations to a less-than-significant level.

The 2000 REIR/EIS presents a revised analysis of
project effects on THM concentrations in treated
drinking water.  The analysis uses new methods to
predict THM formation and updated significance
criteria to reflect changes in the federal DBP rules to a
standard of 80 Fg/l for treated drinking water.  As
concluded above, the project would result in
exceedance of the 20% change threshold in some
simulated months.  Therefore, the impact is considered
significant.  See the discussion of project effects on
THM concentrations in treated drinking water in the
section from the 2000 REIR/EIS below entitled
“Impacts of the Proposed Project from the 2000
Revised Draft EIR/EIS”.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-6:  Elevated THM Concentrations in
Treated Drinking Water from Delta Exports
(CCWD Rock Slough, SWP Banks, and CVP
Tracy).  Discharges from the DW project islands may
have relatively high DOC concentrations that may
result in increases in THM concentrations in treated
(chlorinated) drinking water from the Delta export
locations.  This impact is considered significant.

Implementing Mitigation Measure C-6 would
reduce Impact C-6 to a less-than-significant level.  This
measure has been revised since it was originally
presented in the 1995 DEIR/EIS.  As previously stated,
the measure recommended restricting increases of more
than 20% of the standard of 100 Fg/l (20 Fg/l) then in
effect, or preventing concentrations from exceeding
90% of that standard (90 Fg/l).  As now stated, the
measure reflects the change in the standard to 80 Fg/l.

Mitigation Measure C-6:  Restrict DW Dis-
charges to Prevent Increases of More Than 16 FFFFg/l
in THM Concentrations or THM Concentrations of
Greater Than 72 FFFFg/l in Treated Delta Export
Water.  DW shall make daily estimates of DOC and
Br- concentrations in stored DW project water and in
Delta channels receiving DW discharge water and

predict THM increases likely to be caused by DW
project discharges, and shall restrict discharges when-
ever the 20% change criterion would be exceeded.  DW
shall submit to SWRCB a monthly report of measured
DOC and Br- concentrations, estimated No-Project
Alternative conditions, and calculated THM increases
that could be attributable to DW operations.

The DOC measurements should  be obtained using
the best available monitoring equipment (which may
now include field automated TOC analyzers) or could
be obtained from the relationship between field
measurements of UVA and DOC concentrations (see
Appendix C1, “Analysis of Delta Inflow and Export
Water Quality Data”).  Br- concentrations could be
estimated from Cl- measurements.

Estimates of THM increases likely to be caused by
DW project discharges would be accomplished using
the predictive relationships for DOC increases in
export water described above for Mitigation Measure
C-5.  THM formation could then be predicted based on
relationships among DOC, Br-, temperature, and
chlorination dose (see Appendix C5, “Modeling of
Trihalomethane Concentrations at a Typical Water
Treatment Plant Using Delta Export Water”).

An allowable DW discharge flow would be esti-
mated each day during an intended discharge period
based on the relationships described above.  The allow-
able DW discharge flow would be defined as the dis-
charge rate that would not cause an increase in THM
level in treated export water exceeding 16 Fg/l  or a
resulting THM concentration exceeding 72 Fg/l.  Re-
stricting DW discharges to avoid violation of the signi-
ficance criterion would avoid significant adverse
impacts on water quality of treated export water.

Changes in Other Water
Quality Variables

Other water quality variables include temperature,
SS, DO, and chlorophyll (Table 3C-5).  Under Alter-
native 1, levels of these water quality characteristics
will vary widely with daily fluctuations in conditions
affecting them (e.g., DW storage volumes, weather
patterns, flow characteristics, and water quality of
receiving water for DW discharges).

The high variability typical of these parameters and
the uncertainty regarding daily conditions that may
coincide to produce adverse impacts do not allow a
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quantitative impact assessment to be performed.  It is
likely that conditions will occasionally combine under
operation of Alternative 1 to produce impacts
exceeding the significance criteria for these transient
water quality variables.   Habitat island discharges
would be relatively small and are likely to have better
water quality than agricultural drainage under the No-
Project Alternative.  The significance criteria and
mitigation requirements for changes in these water
quality variables would be determined by SWRCB and
would be included in project operation permits.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-7:  Changes in Other Water Quality
Variables in Delta Channel Receiving Waters.  Dis-
charges of stored water from the DW reservoir islands
may adversely affect channel water quality under some
daily patterns of water quality conditions in the channel
receiving waters and in the stored DW project water.
For example, stored DW project water with a low DO
level discharged at a high flow rate may decrease DO
levels by more than 1 mg/l in a receiving Delta channel.
Therefore, this impact is considered significant.

Implementing Mitigation Measure C-7 would
reduce Impact C-7 to a less-than-significant level.

Mitigation Measure C-7:  Restrict DW
Discharges to Prevent Adverse Changes in Delta
Channel Water Quality.  DW shall monitor water
quality variables in water stored on the reservoir islands
during intended discharge periods and in Delta channel
receiving waters, and shall limit discharges as needed
to avoid significant adverse effects on levels of these
variables in the receiving channels.  DW shall submit
to SWRCB a monthly report of measurements of
variables in reservoir and channel water.  It is possible
that monitoring could be integrated with monitoring
being performed under existing programs (e.g., IEP and
MWQI), but DW would be required to monitor and
report in any case.

Field measurements of the four selected variables
could be obtained using the following techniques:

# temperature - temperature probes,
# SS - turbidity measurements,
# DO - calibrated DO probes, and
# chlorophyll - calibrated fluorometric monitors.

Levels of the four variables in stored water and
receiving water would be related using the expected
dilution ratio at each location of a DW discharge pump-
ing station.  The expected dilution ratio would be esti-
mated based on channel flow rates and intended DW
discharge rates using specified mixing-zone
assumptions.

Effects of Pollutant Contaminants

Sites of potential soil contamination resulting from
historical agricultural operations or waste disposal exist
on the DW islands (Figure 3C-8).

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-8:  Potential Contamination of Stored
Water by Pollutant Residues. Water storage on the
reservoir islands could mobilize soil contaminants at
historical pollution sites.  If the contaminant concentra-
tions are sufficiently high, mobilization in the stored
water may cause a significant adverse impact on stored
water quality and on Delta channel water quality after
DW discharges stored water.  Therefore, this impact is
considered significant.

Implementing Mitigation Measure C-8 would
reduce Impact C-8 to a less-than-significant level.

Mitigation Measure C-8:  Conduct Assess-
ments of Potential Contamination Sites and Reme-
diate as Necessary.  DW shall conduct preliminary site
assessments at potential contamination sites, in addition
to those already performed for this analysis, including
assessment of sites associated with agricultural airstrip
operations.  If the results of a preliminary site
assessment indicate that contamination at a site is likely
to contaminate stored water, DW shall initiate an
appropriate site investigation to either rule out the site
as a pollutant source or confirm the need for site
cleanup or remediation.  Such site assessments and
remediation typically would be performed under the
supervision of DHS.  All required assessments and
remediation would be completed prior to the beginning
of DW project operations.
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IMPACTS AND MITIGATION
MEASURES OF

ALTERNATIVE 2

Alternative 2 represents DW operations with two
reservoir islands (Bacon Island and Webb Tract) and
two habitat islands (Bouldin Island and Holland Tract).

As defined in the 1995 DEIR/EIS, under
Alternative 2, DW diversions could occur in any month
with surplus flows, as under Alternative 1.  In
DeltaSOS modeling, it was assumed that discharges
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.
Under this alternative, it was assumed that export of
DW discharges would be allowed in any month when
such capacity exists and would not be constrained by
the 1995 WQCP “percent inflow” export limits.
Export of DW discharges would be limited by  Delta
outflow requirements and the permitted combined
pumping rate of the export pumps but would not be
subject to strict interpretation of the “percent inflow”
export limit.

The maximum monthly average diversion rate to
reservoir island storage would be 4,000 cfs (maximum
initial daily average diversion rate of 9,000 cfs).  The
maximum monthly average discharge rate is assumed
to be 4,000 cfs (maximum initial daily average
discharge rate of 6,000 cfs).

For the 2000 REIR/EIS, project operations under
Alternative 2 were revised by the FOC terms and
RPMs.  The FOC terms specify the allowable timing
and magnitude of project diversions for storage and
discharges for export or outflow.  For more
information, see Chapter 2, “Delta Wetlands Project
Alternatives”, and Chapter 3A, “Water Supply and
Water Project Operations”.

The impacts on water quality under Alternative 2
operations would be similar to impacts described for
Alternative 1, but the frequency and severity of adverse
impacts reported in the 1995 DEIR/EIS generally were
higher because opportunities to export DW water
would be increased.  Figures 3C-20 and 3C-21 show
the salinity variables for Alternative 2 as simulated for
the 1995 DEIR/EIS.  Figure 3C-22 shows the export
DOC and treated drinking water THM concentrations
for Alternative 2 as simulated for the 1995 DEIR/EIS.

Tables B2-2 in Appendix B2 and C5-3 in Appendix C5
give the monthly values for Alternative 2 for 1968-
1991.

Patterns of changes for all water quality variables
between the No-Project Alternative and Alternative 2
are very similar to the changes for Alternative 1.

Mitigation monitoring would be required to
prevent significant water quality impacts under
Alternative 2.  The mitigation measures proposed for
Alternative 2 would be the same as those described
above under “Impacts and Mitigation Measures of
Alternative 1”.

IMPACTS AND MITIGATION
MEASURES OF

ALTERNATIVE 3

Alternative 3 involves storage of water on Bacon
Island, Webb Tract, Bouldin Island, and Holland Tract,
with secondary 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-TAF capacity) would be allowed during
any month with available surplus flows.  The diversion
and discharge operations for Alternative 3 would be the
same as for Alternative 2, but the assumed diversion
and discharge rates are higher.  The maximum average
monthly diversion rate would be about 6,000 cfs, which
would fill the four reservoir islands in about one month
(maximum diversion rate of 9,000 cfs).  The maximum
monthly discharge rate is assumed to be 6,000 cfs
(maximum discharge rate of 12,000 cfs).

The 2000 REIR/EIS did not address water quality
effects of the project under Alternative 3 because the
FOC and biological opinions apply only to a
two-reservoir-island project.  Therefore, the results for
Alternative 3 are the same as those presented in the
1995 DEIR/EIS.

Delta Salinity Conditions
(Electrical Conductivity, Chloride,

and Bromide)

Water quality impacts of salinity increases were
assessed for four selected locations in the Delta:
Chipps Island, Emmaton, Jersey Point, and Delta
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exports (representative of the CCWD Rock Slough
intake, the SWP Banks Pumping Plant, and the CVP
Tracy Pumping Plant).  Impacts were measured based
on changes in EC values and Cl- concentrations from
the values simulated for the No-Project Alternative.
The impacts on salinity under Alternative 3 would be
similar to those from the 1995 DEIR/EIS for
Alternative 1 that are described above under “Impacts
and Mitigation Measures of Alternative 1”; however,
the severity of impacts generally would be greater
because of increased diversions and discharges.
Figures 3C-23 and 3C-24 show the simulated salinity
variables for Alternative 3.  Tables B2-2 in Appendix
B2 and C5-3 in Appendix C5 give the monthly results
for Alternative 3 for 1968-1991.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-9:  Salinity (EC) Increase at Chipps
Island during Months with Applicable EC Objec-
tives.  This impact is described above under Impact
C-1.  The simulation results for Alternative 3 show the
significance criteria being exceeded in some months.
This impact is therefore considered significant.
Implementing Mitigation Measure C-1 would reduce
Impact C-9 to a less-than-significant level.

Mitigation Measure C-1:  Restrict DW
Diversions to Limit EC Increases at Chipps Island.
This mitigation measure is described above under
“Impacts and Mitigation Measures of Alternative 1”.

Impact C-10:  Salinity (EC) Increase at Emma-
ton during April-August.   This impact is described
above under Impact C-2.  This impact is considered
significant.  Implementing Mitigation Measure C-2
would reduce Impact C-10 to a less-than-significant
level.

Mitigation Measure C-2:  Restrict DW
Diversions to Limit EC Increases at Emmaton.  This
mitigation measure is described above under “Impacts
and Mitigation Measures of Alternative 1”.

Impact C-11:  Salinity (EC) Increase at Jersey
Point during April-August.  This impact is described
above under Impact C-3.  This impact is considered
significant.  Implementing Mitigation Measure C-3
would reduce Impact C-11 to a less-than-significant
level.

Mitigation Measure C-3:  Restrict DW
Diversions to Limit EC Increases at Jersey Point.
This mitigation measure is described above under
“Impacts and Mitigation Measures of Alternative 1”.

Impact C-12:  Salinity (Chloride) Increase in
Delta Exports.  This impact is described above under
Impact C-4.  The simulation results for Alternative 3
show the significance criteria being exceeded in some
months. This impact is therefore considered significant.
Implementing Mitigation Measure C-4 would reduce
Impact C-12 to a less-than-significant level.

Mitigation Measure C-4:  Restrict DW
Diversions or Discharges to Limit Chloride Con-
centrations in Delta Exports.  This mitigation
measure is described above under “Impacts and
Mitigation Measures of Alternative 1”.

Export Concentrations of Dissolved
Organic Carbon

Water quality impacts of increases in export DOC
concentrations were assessed for Delta exports in the
south Delta.  Impacts were measured based on DOC for
Alternative 3 and the change in DOC from No-Project
Alternative conditions, as simulated by the DeltaDWQ
model.  Figure 3C-25 shows simulated monthly DOC
concentrations for Alternative 3 and the changes from
the simulated No-Project Alternative DOC
concentrations in Delta exports for 1968-1991.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-13:  Elevated DOC Concentrations in
Delta Exports (CCWD Rock Slough, SWP Banks,
CVP Tracy). This impact is described above under
Impact C-5.  This impact is considered significant.
Implementing Mitigation Measure C-5 would reduce
Impact C-13 to a less-than-significant level.

Mitigation Measure C-5: Restrict DW
Discharges to Prevent DOC Increases of Greater
Than 0.8 mg/l in Delta Exports.  This mitigation
measure is described above under “Impacts and Mitiga-
tion Measures of Alternative 1”.
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Trihalomethane Concentrations in
Treated Drinking Water

Impacts of increases in THM concentrations in
treated drinking water caused by implementation of
Alternative 3 were assessed based on simulated THM
concentrations and changes from THM concentrations
under the No-Project Alternative.  Figure 3C-25 (lower
panel) gives the seasonal patterns of simulated THM
concentrations in treated drinking water for Alternative
3 and the changes between the No-Project Alternative
and Alternative 3.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-14:  Elevated THM Concentrations in
Treated Drinking Water from Delta Exports
(CCWD Rock Slough, SWP Banks, and CVP
Tracy).  This impact is described above under Impact
C-6.  Implementing Mitigation Measure C-6 would
reduce Impact C-14 to a less-than-significant level.

Mitigation Measure C-6:  Restrict DW Dis-
charges to Prevent Increases of More Than 16 FFFFg/l
in THM Concentrations or THM Concentrations of
Greater Than 72 FFFFg/l in Treated Delta Export
Water.  This mitigation measure is described above
under “Impacts and Mitigation Measures of Alter-
native 1”.

Changes in Other Water
Quality Variables

Other water quality variables include temperature,
SS, DO, and chlorophyll.  Under Alternative 3, levels
of these water quality characteristics will vary widely
with daily fluctuations in conditions affecting them
(e.g., DW storage volumes, weather patterns, flow
characteristics, and water quality of receiving water for
DW discharges).

The high variability typical of these parameters and
the uncertainty regarding daily conditions that may
coincide to produce adverse impacts do not allow a
quantitative impact assessment to be performed.  It is
likely that conditions will combine under operation of
Alternative 3 to produce impacts exceeding the signifi-
cance criteria for these transient water quality variables.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-15:  Changes in Other Water Quality
Variables in Delta Channel Receiving Waters.  This
impact is described above under Impact C-7.  This
impact is considered significant.  Implementing Mitiga-
tion Measure C-7 would reduce Impact C-15 to a less-
than-significant level.

Mitigation Measure C-7:  Restrict DW
Discharges to Prevent Adverse Changes in Delta
Channel Water Quality.  This mitigation measure is
described above under “Impacts and Mitigation
Measures of Alternative 1”.

Effects of Pollutant Contaminants

Sites of potential soil contamination resulting from
historical agricultural operations or waste disposal exist
on the proposed DW reservoir islands.

Summary of Project Impacts and Recommended
Mitigation Measures

Impact C-16:  Potential Contamination of
Stored Water by Pollutant Residues.  This impact is
described above under Impact C-8.  This impact is
considered significant.  Implementing Mitigation
Measure C-8 would reduce Impact C-16 to a less-than-
significant level.

Mitigation Measure C-8:  Conduct Assess-
ments of Potential Contamination Sites and Reme-
diate as Necessary.  This mitigation measure is de-
scribed above under “Impacts and Mitigation Measures
of Alternative 1”.

IMPACTS AND MITIGATION
MEASURES OF THE

NO-PROJECT ALTERNATIVE

The No-Project Alternative (intensified
agricultural use of the four DW project islands)
represents Delta water quality conditions predicted
under the 1995 WQCP.  Compared with existing
agricultural land uses, irrigation diversions and
agricultural drainage would be somewhat greater under
the intensified agriculture conditions of the No-Project
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Alternative.  At the scale of monthly water quality
modeling (e.g., DeltaSOS and DeltaDWQ models),
effects on Delta salinity and export water quality gener-
ally would be similar to those under existing
conditions.

The DeltaDWQ results for the No-Project Alterna-
tive were described above under “Impact Assessment
Methodology”.

The No-Project Alternative, as simulated by Delta-
SOS, DeltaDWQ, and the EPA WTP model, would not
cause measurable water quality effects relative to
existing conditions.

CUMULATIVE IMPACTS

Cumulative impacts are the result of the
incremental impacts of the proposed action when added
to other past, present, and reasonably foreseeable future
actions.  DW project effects on Delta water quality
conditions are inextricably tied to past and present
environmental factors and conditions.  Cumulative
water quality impacts are bounded by the requirements
and controls mandated by various regulatory measures,
such as the SWRCB 1995 WQCP objectives and the
regional water quality control board basin plans and
National Pollutant Discharge Elimination System
(NPDES) discharge permits.

The cumulative water quality effects of the DW
alternatives therefore were evaluated in conjunction
with past and present actions in the previous sections,
which assumed the 1995 WQCP objectives; existing
agricultural drainage loading patterns; and continued
operation of existing Delta export pumping plants, gate
and barrier facilities, and diversions.  The focus of this
section is on the evaluation of impacts of the DW
project alternatives added to impacts of other likely
future projects.  This cumulative impact evaluation
from the 1995 DEIR/EIS was based on the following
scenario: increased upstream demands; increased
demands south of the Delta; an increased permitted
pumping rate at the SWP Banks Pumping Plant (see
Chapter 3A, “Water Supply and Water Project Oper-
ations”); implementation of DWR’s South Delta and
North Delta Programs; and additional storage south of
the Delta in the Kern Water Bank, Los Banos Grandes
Reservoir, MWD’s Diamond Valley Reservoir and
Arvin-Edison projects, and CCWD’s Los Vaqueros
Reservoir.

Future activities affecting water quality in the
Delta will include continued agricultural and municipal
diversions, discharges from treated municipal
wastewater and agricultural drainage, and maintenance
of existing channels and levees.  New facilities (e.g.,
channel gates and barriers) may be constructed, and
existing channels may be modified for navigation or for
increased water conveyance (e.g., DWR North and
South Delta Programs).  Some existing agricultural
lands may be converted to urban development or to
wetlands and other wildlife habitat uses, changing the
water diversion and discharge patterns for these lands.
Increasing populations in the watershed may result in
higher concentrations of water quality variables
associated with wastewater and increased surface
runoff. 

Cumulative water quality impacts were assessed
qualitatively without specific DeltaDWQ simulations
being performed.  As described in Chapter 3A, “Water
Supply and Water Project Operations”, the cumulative
water supply impacts of the DW project alternatives
and the No-Project Alternative were evaluated with a
slightly different set of Delta export pumping
limitations (SWP pumping at full capacity), which
represents reasonably foreseeable future Delta
conditions and regulatory objectives.

Because total diversions (exports and DW diver-
sions) are limited by the percentage of inflow criteria
specified in the 1995 WQCP, the increased export
capacity reduces the available water for DW diversions
in some months.  However, slightly higher DW project
discharges and export of DW discharges would be
possible.  Delta outflow would be reduced during
months of increased exports or increased DW project
diversions.  Results of the DeltaSOS simulations for
the 1995 DEIR/EIS (Table A3-25) indicated that
cumulative water quality impacts would be similar to
the impacts described above for the DW project
alternatives, and the same mitigation measures would
apply.

Cumulative Impacts, Including
 Impacts of Alternative 1

The DeltaSOS simulations of Alternative 1 under
cumulative future conditions that were performed for
the 1995 DEIR/EIS are summarized in the cumulative
impacts section of Chapter 3A and are described in
Appendix A3.  Alternative 1 would be operated in
fewer years under cumulative conditions than under
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existing conditions because of limited availability of
water for DW diversions.  Because of greater assumed
export pumping capacity, however, greater DW exports
were simulated in several of the years.  In the 1995
DEIR/EIS, the average annual simulated DW diversion
for Alternative 1 under cumulative future conditions
was 191 TAF/yr, with discharges for export of 161
TAF/yr (Table 3A-3).

Delta Salinity Conditions (Electrical Conductivity,
Chloride, and Bromide)

Because Delta salinity conditions are directly
linked with Delta outflow, which will be changed by
cumulative future conditions as well as DW operations,
Alternative 1 will have significant cumulative impacts
whenever DW project operations change cumulative
future salinity conditions in excess of the selected
significance criterion (i.e., maximum of 90% of
established objectives or maximum change of 20% of
established objectives).

Although the 1995 WQCP is assumed to remain
the applicable water quality objectives, and the 70-year
historical hydrologic conditions are assumed to
represent the likely cumulative future hydrologic
conditions, other factors may change the Delta inflows
and therefore affect Delta outflow.  It is likely that the
cumulative future water quality impacts of Alternative
1 would be similar to those simulated for Alternative 1,
in comparison with operations under the No-Project
Alternative.  Similar mitigation measures to limit DW
operations during periods of moderate Delta outflow
would be required to prevent the occurrence of
significant water quality impacts.

Impact C-17:  Salinity (EC) Increase at Chipps
Island during Months with Applicable EC Objec-
tives under Cumulative Conditions.  This impact is
described above under Impact C-1.  This impact is con-
sidered less than significant.  However, Mitigation
Measure C-1 is recommended, as explained above
under Impact C-1.  

Mitigation Measure C-1: Restrict DW
Diversions to Limit EC Increases at Chipps Island.
This mitigation measure is described above under
“Impacts and Mitigation Measures of Alternative 1”.

Impact C-18:  Salinity (EC) Increase at Emma-
ton under Cumulative Conditions.  This impact is
described above under Impact C-2.  This impact is
considered significant.  Implementing Mitigation

Measure C-2 would reduce Impact C-18 to a less-than-
significant level.

Mitigation Measure C-2:  Restrict DW
Diversions to Limit EC Increases at Emmaton.  This
mitigation measure is described above under “Impacts
and Mitigation Measures of Alternative 1”.

Impact C-19:  Salinity (EC) Increase at Jersey
Point under Cumulative Conditions.  This impact is
described above under Impact C-3.  This impact is
considered significant.  Implementing Mitigation
Measure C-3 would reduce Impact C-19 to a less-than-
significant level.

Mitigation Measure C-3:  Restrict DW
Diversions to Limit EC Increases at Jersey Point.
This mitigation measure is described above under
“Impacts and Mitigation Measures of Alternative 1”.

Impact C-20:  Salinity (Chloride) Increase in
Delta Exports under Cumulative Conditions.  This
impact is described above under Impact C-4.  This
impact is considered less than significant.  However,
Mitigation Measure C-4 is recommended, as explained
above under Impact C-4.

Mitigation Measure C-4: Restrict DW
Diversions or Discharges to Limit Chloride
Concentrations in Delta Exports.  This mitigation
measure is described above under “Impacts and
Mitigation Measures of Alternative 1”.

Export Concentrations of Dissolved Organic
Carbon

The assessment of Alternative 1 effects on export
DOC concentrations, using the Delta channel flows
simulated with DeltaSOS and Delta inflow and agri-
cultural drainage concentrations simulated with Delta-
DWQ, provided the basis for the qualitative assessment
of impacts of Alternative 1 under cumulative future
conditions.  The possibility of high export DOC
concentrations in DW discharges relative to cumulative
future export DOC concentrations under the No-Project
Alternative is considered significant and must be
mitigated with a combination of DOC measurements
and limitations on DW discharges.  The significant
impacts of Alternative 1 under future conditions would
be similar to those described for Alternative 1.
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Impact C-21:  Elevated DOC Concentrations in
Delta Exports (CCWD Rock Slough, SWP Banks,
CVP Tracy) under Cumulative Conditions.  This
impact is described above under Impact C-5.  This
impact is considered significant.  Implementing Mitiga-
tion Measure C-5 would reduce Impact C-21 to a less-
than-significant level.

Mitigation Measure C-5: Restrict DW Dis-
charges to Prevent DOC Increases of Greater Than
0.8 mg/l in Delta Exports.  This mitigation measure is
described above under “Impacts and Mitigation
Measures of Alternative 1”.

Trihalomethane Concentrations in Treated
Drinking Water

The assessment of effects of Alternative 1 on
THM concentrations in treated drinking water provided
the basis for the qualitative assessment of significant
impacts of Alternative 1 under cumulative future condi-
tions.  Water quality objectives for THM concentra-
tions, as well as treatment technology for drinking
water disinfection are likely to change in the future.

Although the average effects of operations under
Alternative 1 on cumulative future THM concentra-
tions in treated drinking water are expected to be
generally small, the possibility of high DOC concen-
trations in DW discharges relative to cumulative future
export DOC concentrations under the No-Project
Alternative must be considered significant and be
mitigated with a combination of DOC measurements,
estimates of THM concentrations, and limitations on
DW discharges. The significant impacts of
Alternative 1 under future conditions would be similar
to those described for Alternative 1.

Impact C-22:  Elevated THM Concentrations in
Treated Drinking Water from Delta Exports
(CCWD Rock Slough, SWP Banks, and CVP
Tracy) under Cumulative Conditions.  This impact
is described above under Impact C-6.  Implementing
Mitigation Measure C-6 would reduce Impact C-22 to
a less-than-significant level.

Mitigation Measure C-6:  Restrict DW Dis-
charges to Prevent Increases of More Than 16 FFFFg/l
in THM Concentrations or THM Concentrations of
Greater Than 72 FFFFg/l in Treated Delta Export
Water.  This mitigation measure is described above
under “Impacts and Mitigation Measures of
Alternative 1”.

Changes in Other Water Quality Variables

The effect of operations of Alternative 1 under
cumulative future conditions would be similar to the
effects described for Alternative 1 compared with
operations under the No-Project Alternative.  Similar
significant impacts are possible and similar mitigation
measures would be required.  Significance criteria and
mitigation requirements will be determined by SWRCB
and would be included in project operation permits.

Impact C-23:  Changes in Other Water Quality
Variables in Delta Channel Receiving Waters under
Cumulative Conditions.  This impact is described
above under Impact C-7.  This impact is considered
significant.  Implementing Mitigation Measure C-7
would reduce Impact C-23 to a less-than-significant
level.

Mitigation Measure C-7:  Restrict DW
Discharges to Prevent Adverse Changes in Delta
Channel Water Quality.  This mitigation measure is
described above under “Impacts and Mitigation
Measures of Alternative 1”.

Effects of Pollutant Contaminants

Appendix C6, “Assessment of Potential Water
Contaminants on the Delta Wetlands Project Islands”,
analyzes pollutant loading effects from the recreational
use of DW boating facilities.  Sources of potential
pollution resulting from the presence of recreation
facilities and from boating activities include the
discharge of petroleum-based materials (e.g., fuel, oil,
and grease), sewage, and litter.  Although the direct
effects are considered minor (based on a 5% increase
in boating use in the Delta as described in Chapter 3J,
“Recreation and Visual Resources”), the potential
increase in pollutant loading from the DW project
facilities and boating activities, in combination with
other boating facilities in the Delta, could cause
periodic pollution problems in Delta waters.  As
described in Chapter 2, “Delta Wetlands Project
Alternatives”, DW has removed construction of
recreation facilities from its CWA permit applications;
nevertheless, the analysis of impacts on water quality
associated with construction and operation of these
facilities is provided in this chapter.

Impact C-24: Increase in Pollutant Loading in
Delta Channels.  Pollutant loading associated with
recreational boat use in the Delta, including pollutant
loading effects caused by the DW project, could result
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in periodic pollution problems in Delta waters.  This
cumulative impact is considered significant and
unavoidable.

Implementing Mitigation Measures C-9 and RJ-1
would reduce this impact, but not to a less-than-
significant level.

Mitigation Measure C-9:  Clearly Post
Waste Discharge Requirements, Provide Waste
Collection Facilities, and Educate Recreationists
regarding Illegal Discharges of Waste.  Prior to
operation of the DW recreation facilities, DW shall
post notices at all DW recreation facilities describing
proper methods of disposing of waste.  Waste
discharge requirements shall be posted and enforced in
accordance with local and state laws and ordinances.
Prior to operation of the DW recreation facilities, DW
shall provide waste collection receptacles on and
around the boat docks for the boaters using the DW
recreation facilities.  Prior to operation of the DW
recreation facilities, DW shall provide educational
materials to inform recreationists about the deleterious
effects of illegal waste discharges and the location of
waste disposal facilities throughout the Delta.

Mitigation Measure RJ-1: Reduce the
Number of Outward Boat Slips Located at the
Proposed Recreation Facilities.  Delta Wetlands shall
reduce the total number of outward (channel-side) boat
slips proposed on the Delta Wetlands islands by 50%.
This mitigation measure is described in more detail in
Chapters 3J, “Recreation and Visual Resources”, and
3L, “Traffic and Navigation”.

Cumulative Impacts, Including
 Impacts of Alternative 2

Effects of operations of Alternative 2 under future
cumulative conditions would be the same as those de-
scribed above for operations of Alternative 1 under
future cumulative conditions.  The impacts and
mitigation measures would be the same as described for
Alternative 1 cumulative conditions.

Cumulative Impacts, Including
Impacts of Alternative 3

Effects of operations of Alternative 3 under future
cumulative conditions would be the same as those de-

scribed above for operations of Alternative 1 under
future cumulative conditions.  The impacts and
mitigation measures would be the same as described for
Alternative 1 cumulative conditions except that all
impacts are considered significant.

Cumulative Impacts, Including Impacts 
of the No-Project Alternative

The No-Project Alternative would not contribute
to cumulative Delta water quality impacts.
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 ANALYSIS OF WATER QUALITY FROM THE 2000 REVISED DRAFT EIR/EIS

The remainder of this chapter includes the analysis of effects of the proposed project on water quality
that was conducted for the 2000 REIR/EIS.  This information, which was presented as Chapter 4, “Water
Quality”, in the 2000 REIR/EIS, has been modified slightly from the 2000 REIR/EIS version in response to
comments received on the 2000 REIR/EIS.  However, these minor changes do not change the conclusions
of the analysis. 

FOCUS OF THE REVISED DRAFT EIR/EIS ANALYSIS

Issues Raised in Water Right Hearing Testimony and Comments
on the 1995 Draft EIR/EIS

As described in the 1995 DEIR/EIS, the Delta Wetlands Project could affect water quality in Delta
waters during project diversion and discharge operations.  Project effects on salinity and DOC concentrations
in Delta channels and exports are a major concern for other Delta water users, especially providers of
municipal drinking water.  Project effects on other water quality variables (e.g., temperature, suspended
sediments, dissolved oxygen, and chlorophyll) were also described qualitatively in the 1995 DEIR/EIS.
Project effects on temperature and dissolved oxygen were addressed during the ESA consultation process,
and no new information on other variables, such as suspended sediment and chlorophyll, has been presented
in testimony or comment letters.  Therefore, the 2000 REIR/EIS analysis focuses on project effects on DOC
and salinity.

The Delta Wetlands Project could affect water quality in the following ways:

# Diverting water onto the project islands would reduce Delta outflows.  As a result, brackish
water from Suisun Bay would intrude into the central Delta and salinity in Delta channels and
exports would increase. 

# While water is stored on the reservoir islands, salinity and DOC concentrations would increase
because of evaporative losses, and DOC concentrations would increase as a result of peat-soil
leaching and algal growth.  Therefore, discharges from the Delta Wetlands Project islands
would contribute to increased concentrations of salinity and DOC in Delta channel receiving
waters and in exports. 

# Increases in DOC and salinity could indirectly cause increases in THMs and other disinfection
byproducts (DBPs) in treated drinking-water supplies that are diverted or exported from the
Delta.

Although commenters on the 1995 DEIR/EIS and parties to the water right hearing generally agreed
on the processes through which the Delta Wetlands Project could affect water quality, the methods and
assumptions used to determine the magnitude of those impacts were debated at length.  The magnitude of
the effect of project operations on other water users’ water quality depends on several factors:
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# quality of water when it is diverted onto the project islands;

# length of time that water is held on the islands;

# rate of peat-soil leaching and other DOC-loading mechanisms;

# quality of receiving waters at the time of project discharges; and

# amount of Delta Wetlands water exported (the portion of total exports), which is determined by
the rate of release from the reservoir islands.

The following components of the Delta Wetlands impact analysis for water quality were the focus of many
comments:

# the concentrations of constituents in Delta inflow and Delta agricultural drainage, and resulting
baseline water quality;

# DOC loading rates from peat-soil leaching, plant material growth and degradation, and
interceptor well pumping activities under project operations;

# the question of whether ceasing agricultural activities on the Delta Wetlands Project islands can
be considered to benefit water quality and to what degree it may offset the effects of project
diversions and discharges; and

# methods of determining how much DBP would form as a result of export salinity (bromide
[Br-]) and DOC concentration.

Several commenters suggested that the lead agencies could obtain a more accurate estimate of the potential
range of project effects by using new data on Delta DOC loading and ambient salinity developed through
DWR programs.  Commenters also suggested that revised methods of predicting the relationship between
DOC and salinity levels and the formation of THMs and other DBPs at municipal water treatment plants
would yield a better estimate of project effects.

The remainder of this chapter updates the assessment of Delta Wetlands Project effects on water
quality presented in Chapter 3C and Appendices C1 through C5 of the 1995 DEIR/EIS (see above).  New
information has been reviewed and the previous analysis has been revised as appropriate. 
 

Summary of Issues Addressed in the 2000 Revised Draft EIR/EIS
Analysis of Water Quality

The analysis presented in this chapter addresses the following questions, which represent the
concerns expressed by stakeholders at the SWRCB water right hearing on the Delta Wetlands Project and
in comments on the 1995 DEIR/EIS:

# What will be the DOC loading on the reservoir islands from short-term and long-term peat-soil
leaching, plant material growth and decay, and interceptor well water returns?
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# What impact will DOC from reservoir island water have on in-Delta water quality and senior
water right holders?

# What impact will Delta Wetlands Project operations have on salinity in the Delta and at
diversion points for senior water right holders?

# What impact would the Delta Wetlands Project’s incremental change of DOC and salinity (Br-)
have on the formation of DBPs, including THMs and bromate, at municipal treatment plants
receiving Delta water?

The analysis addresses these questions by providing new estimates of monthly Delta export water
quality using a revised version of the DeltaSOS model.  As described in Chapter 3A, “Water Supply and
Water Project Operations”, the 2000 REIR/EIS analysis incorporates new baseline DWRSIM model input,
revised Delta standards and AFRP program measures, and Delta Wetlands Project operating rules.  It
augments the previously presented information with the most recent DWR data on Delta water quality
constituents, and with updated information on the assumed relationship between constituents in raw water
and municipal water treatment plant operations.

Definition of Terms

The following are definitions of key terms as they are used in this chapter:

# Central Delta Water: Used in the DeltaSOQ model to represent the source of export water from
the central Delta, which includes a mixture of water from the Sacramento, Mokelumne, and
Cosumnes Rivers; seawater intrusion from the western Delta; and some portion of the San
Joaquin River that does not flow directly to the export locations.

# Delta Drainage Water Quality Model (DeltaDWQ):  A model developed for the 1995 DEIR/EIS
analysis to estimate how much the Delta Wetlands islands contribute to EC, DOC, Cl-, and Br-

levels at Delta channel locations and in Delta diversions and exports under no-project conditions
and under project operations.

# Delta Exports:  The water pumped from the Delta to south-of-Delta users by DWR at Banks
Pumping Plant and by Reclamation at the CVP Tracy Pumping Plant, and the amount diverted
by CCWD at its Rock Slough and Old River intakes.

# Delta Standards, Operations, and Quality Model (DeltaSOQ):  A modified version of the
DeltaSOS model that incorporates equations that predict the water quality of agricultural
drainage and Delta Wetlands reservoir island storage.  This model also incorporates equations
that predict the effects of agricultural drainage and Delta Wetlands discharges on EC levels and
DOC concentrations in Delta channels and exports.

# Electrical Conductivity (EC): A general measure of dissolved minerals (i.e., salinity); the most
commonly measured variable in Delta waters.

# Leaching:  The removal of soluble substances from soil by percolating water.
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# Simulated Disinfection System (SDS):  A method of determining THM formation potential.  This
laboratory analytical method was developed to simulate municipal water treatment facilities’
actual disinfection process (and THM concentrations) more closely than other methods; it uses
a much lower chlorine (Cl2) dose and much less contact time.

#### Trihalomethane (THM):  A class of carcinogenic substances, including chloroform (CHCl3) and
bromoform (CHBr3), formed from chlorination of drinking-water supplies.

# Trihalomethane Formation Potential (THMFP):  The potential for creation of THMs during
chlorination or other oxidation treatment processes used for disinfection of municipal water
supplies; an index of the maximum possible THM concentrations that could be produced by
maximum chlorination of Delta water.

# Ultraviolet Absorbance (UVA):  A physical measurement used in the study of humic acids and
THM precursors, often found to be linearly related to DOC concentration.  UVA may provide
a measure of the humic and fulvic acid portion of total DOC in a water sample; this portion of
total DOC is thought to be the precursor for THM.

# Water Treatment Plant (WTP) Model: A U.S. Environmental Protection Agency (EPA) model
used for the 1995 DEIR/EIS to estimate THM concentrations at a typical water treatment plant
that may use Delta exports containing water released from the Delta Wetlands Project islands.
The model consists of a series of subroutines that simulate removal of organic THM precursor
compounds and formation of THM.  A more detailed description of the operation of the WTP
model is provided in Appendix C5 of the 1995 DEIR/EIS.  The model predicts total THM
concentration, then estimates the relative concentrations of each of the four types of THM
molecules by using separate regression equations for each type of THM molecule.

Organization of the 2000 Revised Draft EIR/EIS Analysis of Water Quality

The remainder of this chapter presents information supporting the updated evaluation of water
quality effects of Delta Wetlands Project operations in sections that can be divided into two themes.  The first
half describes new and updated information that has been considered in the analysis of project impacts, and
is organized into the following major sections:

# “Overview of Sources of New and Updated Information”:  Provides an overview of the
following four sections.

# “Updated Measurements of Inflow, Export, and Agricultural Drainage Water Quality”:  Presents
Delta water quality data recently collected by the DWR MWQI program and other programs.

# “California Department of Water Resources Special Multipurpose Applied Research
Technology Station Studies”:  Describes DWR’s recent peat-soil flooding experiments.

# “Reported Estimates of Dissolved Organic Carbon Loading”:  Summarizes available estimates
of DOC loading under existing and with-project conditions.

# “Changes in Disinfection Byproduct Rules”:  Discusses changes in rules for TOC removal and
THM concentrations for water treatment.
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The contents of these sections are described more fully under “Overview of Sources of New and Updated
Information”.

The second half of the remainder of this chapter presents the impact analysis for the Delta Wetlands
Project and is organized as follows:

# “Impact Assessment Methodology”:  Describes the methods used to assess project impacts and
explains how the new and updated information has been incorporated into the modeling used
to determine those impacts.  Includes discussions of the updated methods for estimating project
effects on DOC and salinity levels and for predicting the formation of THMs and bromate at
water treatment plants.  These methods are described more fully in Appendix G of the 2000
REIR/EIS, “Water Quality Assessment Methods”.

# “Criteria for Determining Impact Significance”: 

– describes the impact significance thresholds used in the 1995 DEIR/EIS analysis,

– summarizes comments on these criteria,

– discusses the relationship between the significance thresholds and mitigation triggers of
water right terms and conditions, and

– presents the criteria used in the 2000 REIR/EIS.

# “Environmental Consequences”:

– presents the results of simulations of Delta water quality conditions for the No-Project
Alternative and of effects of the proposed project on Delta salinity, export DOC levels, and
THMs produced at water treatment plants,

– compares the impacts of the 1995 DEIR/EIS project alternatives on water quality to those
identified for the proposed project using the new information and updated methods
presented in this analysis,

– describes options for applying the recommended mitigation and discusses how mitigation
measures may be refined in water right permit terms and conditions,

– describes cumulative impacts of the proposed project, and

– discusses the implications of the changes in water quality information and assessment
methods with regard to Alternatives 1 and 3 in the section “Impact Evaluation of Project
Alternatives from the 1995 Draft EIR/EIS”.

OVERVIEW OF SOURCES OF NEW AND UPDATED INFORMATION

A great amount of water quality data is collected in the Delta each year.  Data are collected by the
Municipal Water Quality Investigations (MWQI) program of the DWR Division of Planning and Local
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Assistance, the Interagency Ecological Program (IEP), and the U.S. Geological Survey (USGS) Water
Resources Division.

DWR’s MWQI program has collected data on numerous water quality variables in Delta inflows and
exports.  The MWQI data include measurements of EC, DOC, THMFP, and related variables; therefore, they
are the most relevant source of baseline Delta water quality information for this assessment.  Appendices C1
and C2 of the 1995 DEIR/EIS presented MWQI monitoring data collected through water year 1991.  The
following text includes the most recent MWQI data through water year 1998.

The MWQI program has also collected data on Delta agricultural drainage water quality, including
measurements from drainage pumps on the four Delta Wetlands Project islands.  Delta agricultural drainage
data from 1986-1991 were included in Appendix C4 of the 1995 DEIR/EIS; the following text includes the
MWQI data on agricultural drainage through 1998 (California Department of Water Resources 1999a).
However, most of the drainage sampling was discontinued in 1994, so only limited information from
drainage sampling is available to augment the information presented in the 1995 DEIR/EIS.  The MWQI data
are used to estimate the contributions of water quality constituents of concern from Delta sources under no-
project conditions and under project operations.

Also evaluated for this assessment of Delta Wetlands Project effects are data from DWR’s Special
Multipurpose Applied Research Technology Station (SMARTS), which conducts peat-soil flooding
experiments at the DWR Bryte facility in West Sacramento (California Department of Water Resources
1999b), and data from flooded-island studies conducted jointly by DWR and the USGS on Twitchell Island.
In addition, this chapter summarizes information on potential DOC loading received from water right hearing
participants.  This information has been used to refine the assumptions used in the 1995 DEIR/EIS regarding
the potential loading of DOC from the Delta Wetlands islands under no-project conditions and under project
operations.

Since publication of the 1995 DEIR/EIS, standards for total organic carbon (TOC) removal before
treatment have been adopted under the Safe Drinking Water Act, and EPA has revised its standard for THM
concentrations in drinking water.  These newly adopted standards and potential future standards are also
described below.

This chapter and the accompanying appendix (Appendix G of the 2000 REIR/EIS) describe methods
for calculating Delta Wetlands Project contributions to salinity, DOC concentrations, and THMFP in water
that could be exported from the Delta and subsequently treated for municipal use.  Revised equations used
to predict formation of THMs and bromate at treatment plants have been reviewed and incorporated, as
appropriate, into the revised analysis.

The following sections present the results of this review of new and updated information:

# “Updated Measurements of Inflow, Export, and Agricultural Drainage Water Quality” presents
data collected since 1995 on existing inflow, export, and agricultural drainage water quality.
These data, reported by the DWR MWQI program and other programs, are used to update
assumptions of existing water quality conditions in the Delta for impact analysis.

# “California Department of Water Resources Special Multipurpose Applied Research
Technology Station Studies” describes the methods and results from these peat-soil flooding
experiments and discusses the applicability of these results to the Delta Wetlands Project.
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# “Reported Estimates of Dissolved Organic Carbon Loading” summarizes information from the
1995 DEIR/EIS, estimates from recent in-field and experimental data, and evidence presented
at the Delta Wetlands water right hearing and in comments on the 1995 DEIR/EIS regarding
DOC loading under existing and with-project conditions. 

# “Changes in Disinfection Byproduct Rules” discusses new, revised, and proposed rules for TOC
removal and THM concentrations for water treatment.

This information is used to estimate existing Delta conditions (e.g., inflow and export water quality,
agricultural drainage operations and water quality) and to provide input toward an estimate of DOC loading
under existing (i.e., agricultural) and project conditions.  The “Impact Assessment Methodology” section that
follows describes how this information is incorporated into the quantitative modeling used to determine
impacts of the Delta Wetlands Project.

UPDATED MEASUREMENTS OF INFLOW, EXPORT, AND 
AGRICULTURAL DRAINAGE WATER QUALITY

Measured data on the quality of water in Sacramento and San Joaquin River inflows, at Delta export
locations, and in agricultural drainage in the Delta are presented below.  Data on Delta inflow and export EC,
Cl-, Br-, DOC, and THMFP are taken from the DWR MWQI data collection program.  Agricultural drainage
data from the MWQI program on the Delta Wetlands islands and from USGS, DWR, and California Urban
Water Agencies (CUWA) investigations on Twitchell Island are summarized below; Appendix G of the 2000
REIR/EIS includes more detailed information about agricultural drainage from the Delta Wetlands islands.

Measurements of Delta Water Quality Variables in Delta Inflows and Exports

Data on Delta inflow and export water quality constituents, as reported by the DWR MWQI program,
are used to describe existing inflow and export water quality conditions and to determine how the
concentrations of constituents change as water flows through the Delta.  The difference between
concentrations of a selected water quality constituent, such as DOC, in Delta inflows and concentrations in
exports is used to estimate the net contribution from Delta sources, including agricultural drains.  For a
discussion of the way that these contributions are estimated for the impact assessment and used in the
quantitative modeling, see “Delta Source Contributions of Salinity and Dissolved Organic Carbon” in
Appendix G of the 2000 REIR/EIS.

This section describes MWQI program measurements of EC values and the concentrations of several
constituents in Sacramento and San Joaquin River inflows and at Delta export locations collected during the
most recent 15-year period, 1984-1998 (California Department of Water Resources 1999a).  The 1995
DEIR/EIS analysis used data from the 10-year period of 1982-1991 (see Appendix C1, “Analysis of Delta
Inflow and Export Water Quality Data”, in the 1995 DEIR/EIS).  The 15-year period used in this REIR/EIS
reflects several significant hydrological events.  The 1988-1993 water years were a significant period of
drought.  In addition, flooding events and wet-year-type conditions experienced in 1995, 1997, and 1998
provide recent data that broaden the span of much of the range of potential hydrological conditions (except
those of extreme drought, such as the 1976-1977 period).  Sacramento River inflows are generally the largest
source of Delta water and have lower concentrations of DOC and related constituents than other sources;
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therefore, the Sacramento River concentrations are used as the baseline for determining Delta source
contributions.

The DWR MWQI data collection program has changed each year.  Sampling from the Sacramento
River and Delta export locations began in 1983.  Several assay techniques for THMFP measurement have
been used since 1992; major revisions were made in 1994 and 1996.  Results from the differing assay
methods are not directly comparable.  DOC measurements began in 1987, and Br- and UVA measurements
began in 1990.  The use of UVA data is explained below.

The number of samples collected at each station each year has also changed.  At the SWP 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 through 1989.
During water years 1990 through 1994, sampling was generally conducted on a weekly or biweekly schedule.
Intensive sampling began in May 1995 and continued through August 1996, averaging 11 samples per month.
Recent sampling has returned to a monthly schedule.  Intensive sampling was also conducted in the
Sacramento River at Greene’s Landing from February 1993 through water year 1995.  During this period,
samples were often collected daily for several consecutive months.  Samples from the San Joaquin River at
Vernalis, from the Old River near the Rock Slough intake for CCWD’s diversion, and at the CVP Tracy
Pumping Plant for the DMC have generally been collected on a regular monthly schedule.

A standardized data set of monthly values for the entire 1984-1998 period was created using the first
grab sample collected in each calendar month and eliminating any additional samples collected that month.
Samples were often, but not always, collected on about the same day at each of the sampling stations.  The
mean values of the monthly samples did not differ by more than 10% from those of the entire data set.  This
is the same method used for the data from the 1982-1991 period in the 1995 DEIR/EIS analysis, as
summarized in Table C1-1 of Appendix C1 of the 1995 DEIR/EIS.

The MWQI program did not collect data on all these variables for all years of the 1984-1998 period.
However, the graphs show all available data plotted against the 1984-1998 time period to provide for easy
comparison of water quality conditions for each year.  The following sections describe the data for EC, Cl-,
Br-, DOC, and THMFP.

Delta Electrical Conductivity Values

EC is a general measure of dissolved minerals (i.e., salinity) and is the most commonly measured
variable in Delta waters.   High levels of dissolved minerals can limit beneficial uses of Delta water for
agricultural, municipal, and industrial water supplies.  Changes in EC values can be used to interpret the
movement of water and the mixing of salt in the Delta (see 1995 DEIR/EIS Appendix B2, “Salt Transport
Modeling Methods and Results”).  

Figure 3C-26 and Table 3C-9 show 1984-1998 EC measurements for the DWR MWQI samples from
Sacramento and San Joaquin River inflows and from the following three export locations:

# the SWP Banks Pumping Plant,
# the CVP Tracy Pumping Plant, and
# Rock Slough for CCWD’s pumping plant.

The data show ranges of EC values at these monitoring locations that are consistent with those
presented in the 1995 DEIR/EIS for 1982-1991.
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The EC values for the Sacramento River are generally in the range of 100 to 200 microsiemens per
centimeter (FS/cm), although measurements during the 1986, 1995, and 1997 high-flow periods were less
than 100 FS/cm, and 5% of the values exceeded 200 FS/cm.  Sacramento River EC measurements, shown
in Figure 3C-27, generally decrease with higher flows, exhibiting a typical flow-dilution relationship.

The EC values for the San Joaquin River are usually much higher than Sacramento River EC values,
fluctuating between 150 and 1,300 FS/cm.  Figure 3C-28 indicates that San Joaquin River EC measurements
also generally decrease with higher flows, exhibiting a flow-dilution relationship.

Several San Joaquin River EC values observed during the winters of 1988-1993 exceeded
1,000 FS/cm and are as much as 500 FS/cm 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.  Values in the recent postdrought years 1995-1998
indicate a lower trend of San Joaquin salt content similar to the pre-drought period.  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 and
1,000 FS/cm.  During months when low EC values were measured, corresponding to periods of high Delta
outflow, the export locations each had 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 there.  Local agricultural drainage may also have different effects at each export
location.

The DWR MWQI EC data presented here and in the 1995 DEIR/EIS 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 for each month and each export location, however.  San Joaquin
River inflows, seawater intrusion, agricultural drainage, and municipal discharges (e.g., from Stockton) may
each contribute to elevated EC measurements.

Delta Chloride Data

Cl- concentration is important in evaluating the quality of the domestic water supply and is a major
parameter for judging Delta water quality.  The ratio of Cl- to EC (using units of mg/l for Cl- and FS/cm for
EC) can be used to distinguish between sources of water from different inflows (e.g., Sacramento River, San
Joaquin River, and seawater) sampled at different Delta locations.  Delta Wetlands Project operations would
influence the relative contributions of water from different Delta inflow sources;  therefore, they would affect
concentrations of minerals (including Cl-) in the Delta. (See 1995 DEIR/EIS Appendices B2 and C1 for more
information.)

For example, seawater has a Cl- concentration of 19,000 mg/l and an EC value of approximately
55,000 FS/cm, for a Cl-:EC ratio of about 0.35 (CRC 1989).  As described below, Sacramento River water,
with a Cl- concentration of approximately 6 mg/l and an EC value of 150 FS/cm, has a Cl-:EC value of about
0.04.  Therefore, a mixture of 1% seawater and 99% Sacramento River water would have a Cl- concentration
of 196 mg/l and an EC concentration of 699 FS/cm, resulting in a Cl-:EC ratio of 0.28.  A Cl-:EC ratio of
more than 0.20 indicates that seawater intrusion is a dominant source of salinity in the Delta.

Figure 3C-29 and Table 3C-9 show DWR MWQI data on Cl- concentrations for water years 1984
through 1998 for the two Delta inflow and three Delta export locations.  Cl- concentration patterns are similar
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but not identical to the EC patterns because each major water source has a different Cl-:EC ratio value.
Figure 3C-30 shows the Cl-:EC ratios for each of the monthly DWR MWQI samples.  These two figures will
be described together.  The patterns among the different monitoring locations seen in the updated (1984-
1998) data are essentially identical to those described in the 1995 DEIR/EIS for 1982-1991.

Sacramento River Cl- concentrations were less than 10 mg/l in 94% of the monthly measurements
(Figure 3C-29), and the Cl-:EC value (mg/l:FS/cm) in this inflow averaged 0.04 (Figure 3C-30).  Some of
the scatter in the Sacramento Cl-:EC values was caused by low Cl- concentrations.

San Joaquin River Cl- concentrations fluctuated between 7 and 183 mg/l (Figure 3C-29), and Cl-:EC
ratio values increased from 0.055 at low EC values to 0.16 at high EC values (Figure 3C-30).  The variability
in the Cl-:EC values of this inflow may be explained by the fact that the inflow represents a mixture of water
from the San Joaquin River, Stanislaus River, and especially during wet periods, other tributaries.
Nevertheless, the Cl-:EC value of 0.055 to 0.16, averaging 0.12, for the San Joaquin River inflow is distinct
from the lower Cl-:EC value of about 0.04 for the Sacramento River.

There are only three basic sources of Delta salinity:  seawater, San Joaquin River water, and
Sacramento River water.  The proportion of water from each of these sources in exports can be estimated by
evaluating the Cl-:EC ratio together with the Cl- concentrations and EC values.

Measurements of Cl- concentrations from the export locations fluctuated between 11 and 303 mg/l
(Figure 3C-29).  The Cl- concentrations in CCWD diversions from Rock Slough were the highest, indicating
a stronger influence from seawater intrusion or local agricultural drainage at this location.

Cl-:EC values for the export locations were greater than 0.16 (the maximum San Joaquin River ratio)
during periods with the highest Cl- concentrations (Figure 3C-30).  These high Cl-:EC values suggest that
seawater intrusion is the dominant source of Cl- during these periods.  CCWD water diverted at Rock Slough
usually has a higher Cl-:EC value than water exported from the other export locations, suggesting a higher
seawater contribution at this location.

Delta Bromide Data

Similar to Cl- concentration, Br- concentration is important in evaluating domestic water supply
quality and influences the potential formation of DBPs, including THM and bromate.  Br- is more difficult
to measure than Cl-, so measurements of Cl- are often used to calculate Br- concentrations based on observed
ratios of Br- to Cl-.

Figure 3C-31 shows DWR MWQI Br-:Cl- values, based on Br- measurements that began in January
1990.  The Br-:Cl- value for concentrations measured from San Joaquin River samples (mostly in the range
of 0.0025 to 0.0035) is similar to the Br-:Cl- value for seawater (0.0035).  Br-:Cl- values for Sacramento River
inflow were scattered (mostly 0.001 to 0.006) because of low concentrations of  Cl- and  Br-, but they were
generally lower than those of seawater or San Joaquin River water.  These DWR MWQI data suggest that
Br- concentrations may be adequately estimated from Cl- measurements. Based on the limited data available
during the preparation of the 1995 DEIR/EIS, a single value of 0.0035 was assumed for all source waters for
impact assessment purposes.  The recent postdrought data (1993-1998) more clearly show an average Br-:Cl-

ratio that is approximately 0.0030 for San Joaquin River water and 0.0020 for Sacramento River water.
Therefore, these revised Br-:Cl- ratios are used in the REIR/EIS analysis.
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Delta Dissolved Organic Carbon Data

Figure 3C-32 shows DWR MWQI measurements of DOC at Delta inflow and export locations since
collection began in 1987.  DOC is considered to be the major organic precursor of DBPs, including THMs.
DOC is therefore one of the most important water quality variables for assessment of potential formation of
DBPs in treated drinking water from the Delta.

DOC concentrations in Sacramento River samples are generally the lowest measured in the Delta,
with average measured values of 2.3 mg/l (Figure 3C-32 and Table 3C-9).  American River samples have
even lower DOC concentrations (California Department of Water Resources 1989).  Sacramento River DOC
concentrations sometimes exceed 3 mg/l, with 21 of the 124 measured DOC values above 3 mg/l and two
above 5 mg/l.  Daily measurements taken periodically between 1993 and 1995 have confirmed that
Sacramento River DOC concentrations can be elevated above 2 mg/l when sources of DOC material appear
in surface runoff, with 430 of 694 measurements at or above 2 mg/l (California Department of Water
Resources 1999a).

DOC concentrations in the San Joaquin River were higher and more variable than Sacramento River
DOC concentrations.  The average measured DOC value was 3.7 mg/l (Table 3C-9); 98 of the 118 measured
DOC values (83%) were between 2.5 mg/l and 6 mg/l and four exceeded 8 mg/l during major storm events.
The San Joaquin River must therefore be considered a major source of DOC relative to the Sacramento
River, which has comparatively low DOC concentrations.

DOC concentrations at the export locations averaged 3.7 mg/l, with 85% of the measured values in
the range of 2.5 to 6 mg/l.  The DWR MWQI data clearly show that Delta sources or San Joaquin River
inflow contribute DOC.  The relative influences of the various possible sources cannot be easily identified
from these data alone.  The patterns seen in the more recent (1992-1998) data shown in Figure 3C-32 and
Table 3C-9 are similar to the 1987-1991 data described in the 1995 DEIR/EIS; however, the newer data also
show that DOC concentrations measured in some wet months are considerably higher than the average
concentration of DOC.

Figure 3C-33 compares DWR MWQI measurements of DOC and Cl- to EC values for the
Sacramento and San Joaquin Rivers for 1984-1998.  DOC concentrations in Sacramento and San Joaquin
River samples do not demonstrate a clear relationship to concentrations of either EC or Cl-.  Therefore, it is
not possible to estimate DOC concentrations in the river inflows as a function of either flow or salinity.
Consequently, frequent measurements are the only accurate method for establishing the river-inflow DOC
concentrations.

Delta Trihalomethane Precursor Data

To provide a comparative measure of THM precursors in Delta water, the DWR MWQI program has
developed assays for determining THMFP, an index of the maximum possible THM concentrations that
could be produced by maximum chlorination of Delta water.  Starting in 1984, the assay was performed by
spiking a water sample with an initial 120-mg/l concentration of Cl2, holding the sample for 7 days (168
hours) at 25oC, then measuring the THM species with standard EPA procedures (gas chromatograph purge
and trap, EPA method 502.2).

In 1994, the original method was discontinued and a buffered variation was implemented in which
the pH of the sample was adjusted to a constant value of about 8.2.  In 1996, two new methods were
implemented, one of them a reactivity method in which the sample is spiked with a Cl2 dose of 4.5 times the
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DOC concentration and held for 7 days.  However, both the buffered and reactivity methods have been
discontinued.

The SDS method is currently used for the MWQI program. This method was developed to simulate
the actual disinfection process (and THM concentrations) of municipal water treatment facilities more
closely than other methods; it uses a much lower Cl2 dose and much less contact time.  Because the SDS
method results in substantially lower values for THMFP and very few SDS data are available, only data
generated from the original, buffered, or reactivity methods were plotted for the analysis of data trends
presented below.

The four types of THM molecules are chloroform (CHCl3), dichlorobromomethane (CHCl2Br),
dibromochloromethane (CHClBr2), and bromoform (CHBr3).  The carbon-fraction concentrations of the four
types of THM molecules are added together to calculate the carbon equivalent of the total THM concen-
tration, called the C-THM concentration.  The DWR MWQI program uses the term “total formation potential
carbon” (TFPC) for the same variable.

Dividing the C-THM concentration by the initial DOC concentration in a water sample provides a
direct estimate of the fraction of the initial DOC concentration that was converted to THM molecules during
the THMFP assay.  The ratio of C-THM to DOC is called the “THM yield” and is generally in the range of
0.005 to 0.02 for the high chlorination dose used in the THMFP assay.

Delta C-THM Data.  Figure 3C-34 and Table 3C-9 show the C-THM concentrations measured by
the DWR MWQI for 1984-1998.  The results indicate conditions similar to those analyzed in the 1995
DEIR/EIS for 1982-1991.

The Sacramento River concentrations of C-THM averaged 28 Fg/l, with 25% of the measured
concentrations greater than 30 Fg/l.  Most (90%) export concentrations of C-THM were between about 30
and 90 Fg/l, and were generally higher than Sacramento River concentrations.  San Joaquin River C-THM
concentrations averaged 47 Fg/l, exceeding Sacramento River concentrations but remaining almost the same
as export concentrations (Table 3C-9).  Because the C-THM concentrations for Sacramento River inflow
fluctuated, and because the San Joaquin River C-THM concentrations were similar to those measured at the
export locations, it is difficult to directly estimate the monthly contributions of C-THM from Delta sources.

Figure 3C-35 shows the data for ratios of C-THM to DOC for the two inflow and three export
locations for 1984-1998.  With allowances made for a certain amount of scatter in both measurements, these
ratios for THM yield from DOC range from 0.005 to 0.02, indicating that approximately 0.5% to 2% of DOC
became THM molecules during the THMFP assay in most samples.  The THM yield has less scatter in the
results from 1994-1998; this change may be related to the introduction of the new measurement methods
described above, which served to better standardize pH and Cl2 dose in the samples.  This yield relationship
shown in Figure 3C-35 suggests that DOC measurements can be used to estimate the C-THM concentration
in a THMFP assay.  This relatively constant C-THM:DOC value might be used to condition Delta Wetlands
operations; therefore, frequent DOC measurements may be used to monitor project effects on THM
concentration and minimize the need for using the comparatively expensive and time-consuming THMFP
assay procedure.  This procedure for estimating THMFP is described in Appendix C-3 of the 1995 DEIR/EIS
and is illustrated in Figure 3C-36.

Delta Ultraviolet Absorbance Data.  UVA (254-nanometer [nm] wavelength) was added to the
DWR MWQI program as a measurement variable in 1990.  UVA is measured with a spectrophotometer and
reported in units of 1/cm.  UVA may provide a measure of the humic and fulvic acid portion of total DOC
in a water sample; this portion of total DOC is thought to be the precursor for THM.  The ratio of UVA to
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DOC may increase with a higher proportion of humic substances.  A greater yield of THM molecules may
also be expected from samples with higher UVA:DOC values because the humic substances are thought to
be the most active THM-precursor component of DOC.

Figure 3C-37 and Table 3C-9 show data from 1990-1998 and indicate that most Delta inflow and
export samples have UVA (1/cm):DOC (mg/l) ratios of between 0.02 and 0.04, with an average slightly
above 0.03.  The Sacramento and San Joaquin River UVA:DOC values tend to be slightly lower than the
UVA:DOC values for the export locations (Table 3C-9).  The MWQI program calls this ratio the specific
UVA (i.e., SUVA).  The patterns shown in Figure 3C-37 are the same as those indicated in the 1995
DEIR/EIS.

Data on Delta Agricultural Drainage Salinity and Dissolved Organic Carbon

The purpose of the agricultural drainage data analysis is to estimate annual loading of DOC and
salinity from existing agricultural operations.  Agricultural drainage discharges containing natural
decomposition products of peat soil and crop residues are considered dominant sources of DOC in Delta
waters.  Also, because the objectives specified in the 1995 WQCP substantially protect Delta water supplies
from salinity intrusion effects during periods of reduced Delta outflow, agricultural drainage is the major
remaining source of concern with regard to elevated salinity in Delta waters.  This section updates
information about measurements of water quality constituents in agricultural drainage presented in Appendix
C2, “Analysis of Delta Agricultural Drainage Water Quality Data”, of the 1995 DEIR/EIS.

There are two general ways to estimate the observed DOC loads (expressed as grams per square
meter [g/m2]) from the agricultural islands in the Delta:

# Multiply the annual drainage volume (expressed as water depth in meters [m]) by the average
DOC concentration (mg/l) of the drainage water to estimate the DOC load.

# Multiply the DOC increase observed between the Sacramento and San Joaquin River inflows
and the export locations by the export flow to estimate the increased mass of DOC.  This
increased mass (g) of DOC is then divided by the area of the Delta agricultural islands to
estimate the average load of DOC (g/m2).

Both methods have been used to evaluate the DOC load from Delta agricultural islands under existing
conditions.  The following section summarizes the results of these analyses; Appendix G, “Water Quality
Assessment Methods”, of the 2000 REIR/EIS presents detailed information on agricultural drainage water
quality for Bacon Island, Webb Tract, Bouldin Island, Holland Tract, and Twitchell Island.

The 1995 DEIR/EIS presented water quality data collected at a large number of Delta island
agricultural drainage pumping stations from 1986 through 1991 to determine annual drainage volumes and
DOC concentrations.  DWR stopped monitoring drainage water quality at the majority of Delta island
drainage pumping locations in July 1994.  The data used in the 2000 REIR/EIS were updated to include the
more recent measurements.  The following analysis presents agricultural drainage water quality data
collected from the Delta Wetlands Project island locations from 1986 through 1994, with the exception of
Bacon Island, where sampling was continued through August 1999, and Twitchell Island (not a project
island), the location of several DWR and USGS studies that began in 1994.
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Agricultural Drainage Volumes

The 1995 DEIR/EIS presented a detailed analysis of drainage volume calculations for Delta islands
based on available data collected by DWR in 1954-1955.  Because DWR stopped monitoring drainage water
quality at the majority of Delta island drainage pumping locations in July 1994, no comprehensive drainage
volume measurements have been collected since preparation of the 1995 DEIR/EIS that would substantially
change the results of the analysis.

A study by USGS (U.S. Geological Survey 1997) determined that measuring electrical power usage
from Delta pumps might be a reliable method of determining drainage volumes if more calibration of
drainage pumps (volume per kilowatt-hour [kwh]) and regular monthly power usage records were available.
However, no Delta-wide estimates of drainage flow were attempted.  This method was used to estimate the
drainage from Twitchell Island for calendar year 1995; the results were determined to be very close to (within
10% of) the flow measured using flow meters in the two Twitchell Island drainage pumps.

Dissolved Organic Carbon and Salt Budgets for Delta Islands

Results presented in the 1995 DEIR/EIS showed that 1986-1991 MWQI measurements of drainage
EC from many of the Delta island agricultural drains show a strong seasonal pattern, with the highest EC
values in drainage water during winter.  EC values generally ranged from low values characteristic of Delta
channel water (137 to 568 FS/cm) to much higher values (1,280 to 2,870 FS/cm).  This range in drainage EC
values is expected because of the variation in Delta precipitation and irrigation, leaching, and drainage
practices.  Higher EC values indicate that the salt has become concentrated in the agricultural soils through
ET.  Cl- concentrations in agricultural drainage samples follow the seasonal EC patterns.  DOC
concentrations in these samples have a similar seasonal pattern; however, the variation in
DOC concentrations is greater because the agricultural soils can be a source of DOC, and because
evaporation of soil water during the growing season can increase DOC concentrations.

Agricultural drainage from Delta islands will have a Cl-:EC ratio that reflects that of the original
applied water because Cl- and the dissolved solids that contribute most of the EC in water are conservative
in water and not removed by biological or other physical and chemical processes.  The concentrations of
dissolved substances in drainage will vary because of dilution by rainwater or increases from evaporation
losses.

Table 3C-10 summarizes the average DWR MWQI drainage data available for the Delta Wetlands
islands and Twitchell Island.  A detailed description of these results for each island is provided in
Appendix G of the 2000 REIR/EIS.

CALIFORNIA DEPARTMENT OF WATER RESOURCES SPECIAL MULTIPURPOSE
APPLIED RESEARCH TECHNOLOGY STATION STUDIES

SMARTS is a new test facility located in West Sacramento that began operating in 1998 and is
managed under DWR’s MWQI program.  The facility consists of a series of large tanks specifically designed
for conducting a variety of water quality studies under controlled static or continuous water-flow conditions.
The first studies at SMARTS were designed to measure DOC loads from peat soils.  Two reports from
SMARTS studies have been prepared (California Department of Water Resources 1999b, 1999c) and are
referred to below as SMARTS 1 and SMARTS 2.  For the purpose of this analysis of Delta Wetlands Project
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effects on water quality, results of the SMARTS studies were evaluated for information on potential DOC
loading rates from peat soils and are summarized below.  The following summary and interpretation of the
SMARTS reports were reviewed by MWQI’s consultant Marvin Jung, who confirmed that the loading
calculations described below are appropriate (Jung pers. comm.).

Summary of Methods

The SMARTS experiments measured DOC loading from peat soils by partially filling tanks with peat
soil taken from Twitchell Island and measuring changes in EC and DOC concentrations in the peat-soil pore
water and surface water.  EC values were used to track evaporation and salt loading from the peat soil; DOC
concentrations were measured to track DOC loading from the peat soil.  

The SMARTS 1 report presents results of a 12-week experiment and SMARTS 2, results of a 27-
week experiment.  The SMARTS facility tanks have a diameter of 5 feet, with a surface area (for peat-water
interface) of 1.8 square meters (m2).  The control tank (tank 9) was filled with 11 feet of water (volume of
1,616 gallons) with no peat soil.  The following conditions varied for the eight experimental tanks:

# water flow,
# depth of peat soil,
# depth of water, and
# initial peat-soil composition.

These conditions are described below.

Water-Flow Conditions

The experiment used two water-flow conditions:  “static” and “flushing”.  Four of the tanks (1, 3,
5, and 7) held static water depths above the peat soil.  The static tanks were refilled as needed to compensate
for evaporation losses, so the water level was held constant.  However, the term “static” does not mean that
there was no movement of water in the tanks.  The surface water in the static tanks was mixed with
submersible pumps that circulated about 1,680 gallons per day (gpd) in SMARTS 1;  the mixing increased
with larger 2,880-gpd pumps in SMARTS 2.  Because the water depth was held constant in the static tanks,
the load (g/m2) for a static tank can be estimated as the change in DOC concentration (mg/l [equivalent to
g/m3]) times the depth of water (m).  

Other tanks (2, 4, 6, and 8) were flushed repeatedly during the experiment.  The total water volume
in each tank was replaced weekly as water was added continuously while being removed from the top of the
tank.  The load of the flushing tanks can be estimated as the weekly flushing depths times the difference
between the weekly inflow and outflow concentration.  However, the volume of outflow from the tanks and
DOC concentrations in the outflow were not directly measured.  The pumps were set at the beginning of the
experiment to flush a certain volume.  Weekly measurements were not conducted to verify the assumed
volume of water being pumped from the flushing tanks, and for the SMARTS 1 experiment, it was reported,
when the output was checked, that the observed flushing volumes appeared to be as much as 50% more than
anticipated.  DOC concentration in the tank water was measured weekly; this measurement was assumed to
represent the outflow DOC concentration.  Because the cumulative depth of water for the flushing tanks was
large (either 26 feet [8 meters] or 138 feet [42 meters]), very small changes in the measured tank DOC
concentrations result in large changes in the load estimate (where DOC load = flushing depth C outflow
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concentration).  The loading estimates were sensitive to even very low concentrations of DOC.  Because the
flushing volumes (i.e., depths) and changes in outflow DOC concentration are uncertain for the flushing
tanks, DOC load estimates obtained from the flushing tanks are questionable and are not applied to the Delta
Wetlands Project.  Therefore, the results reported below focus on DOC loading from the static tanks (1, 3,
5, and 7).

Water and Peat Depth

The water and peat depth for the four static tanks varied; the water depth was either 2 feet (0.6
meters) or 7 feet (2.1 meters), and the peat depth was either 1.5 feet or 4 feet.

Initial Peat-Soil Composition

The initial peat-soil composition (e.g., pore-water DOC and EC concentrations, peat-soil density,
soil salt content) also varied in each tank and for each experiment.  Oxidized peat soils were taken from the
top 2 feet of Twitchell Island to use in the experiments.  The intent was for each tank to have similar soil
characteristics.  However, in SMARTS 1, although all the peat soil was mixed together before the tanks were
filled, peat-soil pore-water EC measurements in the eight tanks ranged widely (842 to 2,140 FS/cm) at the
start of the experiment.  In SMARTS 2, two different peat-soil sources were used.  Initial peat-soil pore-water
EC values had an even greater range, with one peat-soil source resulting in initial pore-water EC values of
578 to 1,232 FS/cm (tanks 5–8) and the other source resulting in initial pore-water EC values of 3,640 to
4,800 FS/cm (tanks 1–4).

Dissolved Organic Carbon and Salinity Measurements

The SMARTS static tank results can be evaluated by considering that two pools of EC or DOC are
being measured:

# EC or DOC in the peat-soil pore-water volume, measured by the bottom sampling spigot (0.5
foot from the bottom of the tank), and

# surface-water EC or DOC.

The amount of salt (EC) or DOC observed in the surface water is directly influenced by the
concentration in the peat-soil pore water and the exchange rate caused by mixing processes.  There may be
a gradient of pore-water EC and DOC concentrations as EC and DOC are transferred from the soil into the
surface water, but the average pore-water EC and DOC concentrations are assumed to be characterized by
the measurements made from the bottom port.  The peat-soil pore-water volume was not directly measured
in the SMARTS studies but can be approximated from previous peat-soil measurements, which reported 40%
to 60% solids (Table C3-8 in Appendix C3 of  the 1995 DEIR/EIS).  Because the percentage of solids
averages 50%, the porosity of peat soil is assumed to be 50%, and the pore-water volume is assumed to be
half the peat-soil volume. 
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Summary of Results

SMARTS 1 Pore-Water EC and DOC Concentrations

Table 3C-11 summarizes the results of the SMARTS 1 (12-week) experiment, and Table 3C-12
summarizes the results of the SMARTS 2 (27-week) experiment.

The peat-soil pore-water measurements of EC for the SMARTS 1 experiment ranged from 842 to
2,140 FS/cm at the start of the experiment.  The range of measurements from the eight tanks indicates that
although all the peat soil was mixed together before the tanks were filled, the peat-soil salt content in each
tank varied.

The initial peat-soil pore-water DOC concentrations (week 1) for SMARTS 1 ranged from 143 to
226 mg/l (Table 3C-11).  This range is higher than any soil DOC values measured by the USGS at Twitchell
Island (U.S. Geological Survey 1998), which were generally in the range of 40 to 100 mg/l.  They are also
greater than the DOC in surface saturated soil samples collected from Holland Tract, which were in the range
of 25 to 75 mg/l (as shown in Table C3-8 in Appendix C3 of the 1995 DEIR/EIS).

By the fifth week, approximate peat-soil pore-water DOC concentrations had increased to between
271 and 341 mg/l.  By week 9, the peat-soil pore-water DOC concentrations were 58 to 386 mg/l, and in the
final sampling at week 12, they were 74 to 358 mg/l (Table 3C-11).  Pore-water DOC did not increase
between weeks 9 and 12 in most of the peat-soil pore-water measurements.  Therefore, although the flooded
peat-soil DOC concentration is high, these results may indicate that the peat soil does not contain an
unlimited supply of DOC, at least in the limited depth samples used in the experiment.

SMARTS 2 Pore-Water EC and DOC Concentrations

The SMARTS 2 peat-soil pore-water EC values on week 1 (January 21, 1999) ranged from 3,640
to 4,800 FS/cm in tanks 1–4 and from 578 to 1,232 FS/cm in tanks 5–8 (Table 3C-12).  By week 15, the pore-
water EC values were 2,383 to 3,280 FS/cm in tanks 1–4 and 455 to 998 FS/cm in tanks 5–8.  As described
above, these two groups of tanks were filled with different peat-soil sources from different locations on
Twitchell Island.  The peat soil used to fill tanks 1–4 is extremely high in soil EC (dissolved minerals
apparently had not been leached by rainfall or field-flooding operations).

SMARTS 2 DOC concentrations in the peat-soil pore water were very high in tanks 1–4, but were
relatively low in tanks 5–8.  Again, the soils for these tanks came from different locations on Twitchell
Island.  The differences illustrate the wide range of peat-soil conditions in the Delta.  On January 21 (week
1), the peat-soil pore-water DOC ranged from 82 to 96 mg/l in tanks 1–4 and from 11 to 28 mg/l in tanks 5–8.
By April 28 (week 15), the peat-soil pore-water DOC concentration had increased to between 342 and 561
mg/l in tanks 1–4 and between 30 and 84 mg/l in tanks 5–8.  On July 21 (week 27), the DOC concentration
of peat-soil pore water in tanks 1–4 ranged from 368 to 590 mg/l and from 40 to 100 mg/l in tanks 5–8.  The
DOC concentrations in the peat-soil pore water increased substantially during the first months but did not
continue to increase from week 15 to week 27, even though the temperature was higher.  The experimental
design called for the same peat-soil content in all eight tanks.  However, because the peat-soil composition
differed between tanks 1–4 and tanks 5–8, peat-soil composition is another factor to consider in the
interpretation of the SMARTS 2 results.
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DOC Loading Estimates

The DOC load that was transferred from the peat-soil pore water into the surface water through the
various possible exchange processes (including the submersible pumps) can be calculated from the final
water DOC concentration and surface water depth in the static tanks.  These calculations result in loading
estimates of 24 to 32 g/m2 for the static tanks with 1.5 feet of peat (tanks 1 and 7) and 53 to 54 g/m2 for the
static tanks with 4 feet of peat in SMARTS 1 (tanks 3 and 5) (Table 4-3).  The SMARTS 2 experiment
resulted in a wide range of load estimates because the tanks’ peat-soil pore-water DOC concentrations varied
considerably.  The SMARTS 2 experiment data for week 27 indicated that the DOC load from the high-DOC
static peat tanks (tanks 1 and 3) was 73 to 121 g/m2, and from the low-DOC static peat tanks (tanks 5 and 7),
23 to 42 g/m2 (Table 3C-12).

Application to the Delta Wetlands Project

The peat-soil DOC loads measured in the SMARTS tanks are higher than the estimates obtained from
agricultural drainage samples, and the peat-soil pore-water DOC concentrations were considerably higher
than any DOC concentrations that have been measured in Delta peat soils.  DOC loads in the static tanks are
higher than the DOC load estimates from the Delta agricultural drains, but the peat-soil pore-water DOC
concentrations in the SMARTS experiments were probably higher than would be experienced in undisturbed
Delta agricultural peat soils that are flooded, based on USGS measurements at Twitchell Island. To
determine the applicability of the SMARTS results to the Delta Wetlands Project, the experimental variables
(i.e., water-flow condition, depth of peat, depth of water, and initial peat-soil composition) were evaluated
for their consistency with proposed Delta Wetlands Project operations.

As discussed above, results from the static tanks were used to determine DOC loading estimates.
The submersible pumps may mimic wave-induced mixing that would occur on the Delta Wetlands islands.
The observed SMARTS loads were proportional to the depth of the peat soil and the DOC concentration of
the peat-soil pore water.  Likewise, DOC loading of flooded agricultural peat soils on the Delta Wetlands
islands would be proportional to the depth of oxidized peat soil on the islands.  Release of DOC is generally
much greater for oxidized soil than for anaerobic (reduced) soils.  Under existing agricultural practices, depth
of oxidized soil on the Delta Wetlands islands has been assumed to be 2 feet based on DWR’s Delta
depletion analysis.  Therefore, it is unlikely that Delta soils will have 4 feet of recently oxidized (aerobic)
peat.  The tanks with a 1.5-foot peat layer are perhaps the most realistic representation of Delta agricultural
peat soils; however, loading estimates from both the 1.5-foot and 4-foot peat-soil depths were considered.

Peat soil composition on Delta islands is variable.  However, the initial peat-soil pore-water EC and
DOC concentrations reported for tanks 1–4 in the SMARTS 2 report exceed measured results from most
other Delta soils.  Initial pore-water EC values in tanks 1–4 were 3,640 to 4,800 FS/cm and pore-water DOC
reached 374 to 590 mg/l by week 27.  In comparison, samples of soil water (i.e., pore water extracted from
soil samples) collected at the soil surface and at a depth of 2 feet from the demonstration wetland site on
Holland Tract in 1992 yielded EC values between 612 and 1,990 FS/cm and DOC concentrations between
24 and 71 mg/l with an average of 55 mg/l (n=9).  Soil-water samples collected from an agricultural field on
Holland Tract in 1992 included measured EC values between 455 and 11,500 FS/cm and DOC
concentrations between 41 and 240 mg/l with an average of 141 mg/l (n=9) (see Tables C3-8 and C3-9 in
Appendix C3 of the 1995 DEIR/EIS).  The SMARTS 2 pore-water DOC measurements are considerably
higher than those of the surface or 2-foot-deep peat samples collected on Holland Tract.
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The SMARTS 1 surface-water load estimates for static tanks with 1.5 feet of peat soil (tanks 1 and
7) were 24 to 32 g/m2, and for static tanks with 4 feet of peat soil (tanks 3 and 5) were 53 to 54 g/m2.  For
the SMARTS 2 tanks filled with peat soil that produced pore-water DOC concentrations of 40 to 100 mg/l
(tanks 5–8), the DOC load estimates were 23 to 42 g/m2 for static tanks with 1.5 and 4.0 feet of peat,
respectively.  These values suggest that submerged peat soil with a previous history of agricultural use may
produce a DOC load of 2 to 5 times the measured agricultural drainage DOC loads (of about 12 g/m2).

CCWD sent a letter to the SWRCB (Shum pers. comm.) suggesting that the 12-week load estimates
from the SMARTS 1 experiment should be multiplied by 52/12 to estimate the annual loads.  However, it
seems clear from the measurements that the DOC concentrations in the water and in the peat-soil pore-water
samples were approaching loading limits after week 9 (SMARTS 1); it would not be reasonable to expect
4 times these observed 12-week loads to originate from the peat soil during a year of submergence.  The
SMARTS 2 experiments confirm that the peat-soil pore-water DOC and the surface-water DOC
concentrations do not continue to increase during longer submergence as rapidly as during the initial 3
months of submergence.  The SMARTS 2 results indicate that surface-water DOC did continue to increase
for the life of the experiment (27 weeks) in the static tanks, but average weekly peat-soil pore-water DOC
concentrations increased at a slower rate after week 11 in all static tanks.

In conclusion, loading estimates from static tanks were considered in the context of estimates from
other studies and expert testimony (described in the next section) to develop assumptions about Delta
Wetlands reservoir islands under initial-fill operations.  The loading observed in the SMARTS experiments
may correspond to the first year of flooding of agricultural soils, but it is unlikely that the high initial level
of peat-soil pore-water DOC would be produced in subsequent years from moist peat soils (U.S. Geological
Survey 1998).  The SMARTS experiments have not tested the DOC load from a second year of peat-soil
submergence.  It is likely that the DOC loads in subsequent years will be less than those measured for the
first year of peat-soil submergence.

It should be noted that the SMARTS experiments do not represent the proposed conditions on the
Delta Wetlands islands, and the experimental design and sampling methods may not be applicable to in-situ
conditions.  However, the SMARTS experiments provide the best source of experimental or laboratory data
on DOC release from peat soils.

See “Impact Assessment Methodology” below and Appendix G of the 2000 REIR/EIS for more
information about how results of the SMARTS studies were used in the impact analysis.

REPORTED ESTIMATES OF DISSOLVED ORGANIC CARBON LOADING

DOC loading is a function of many variables, including peat-soil depth, pore-water concentration,
pore-water and water column mixing, and plant material growth and degradation.  Agricultural production,
wetland habitat, and flooded island conditions may result in different DOC loadings.  For example, DOC
loading from plant material growth and decay (including algal blooms) is expected to be greater under
agricultural production or wetland habitat conditions than under flooded reservoir conditions.

During the Delta Wetlands Project water right hearing and in comments on the 1995 DEIR/EIS, the
estimates of DOC loading on the Delta Wetlands islands under agricultural, reservoir, and wetland habitat
conditions were debated at length.  The EIR/EIS lead agencies have received a wide range of estimates of
potential DOC loading rates. Table 3C-13 summarizes the loading estimates for agricultural drainage,
seasonal wetland, and flooded island conditions that were presented in the 1995 DEIR/EIS, obtained from



Delta Wetlands Project Chapter 3C.  Water Quality
Final Environmental Impact Statement July 20013C-61

the Twitchell Island and SMARTS experiments, and presented at the SWRCB water right hearing for Delta
Wetlands by expert witnesses.  For purposes of comparison, these estimates are presented in similar units;
all estimates have been reported as grams of DOC per square meter per year (g/m2/yr).  Units of g/m2/yr can
be converted to pounds per acre per year (lbs/ac/yr) by multiplying the value by 8.9.  For example, 10 g/m2/yr
is equivalent to 89 lbs/ac/yr.

Source loading estimates represent attempts to characterize DOC loading from individual DOC
loading components, such as vegetation residue, primary production, and peat soil, or from all components
and factors expressed as a total DOC load.  Some estimates are based on actual field data collection and
experiments; others are based only on general theory calculations (e.g., organic carbon production and
hydrodynamics).  Some of the DOC load estimates vary considerably; the estimates range over several orders
of magnitude from less than 5 to more than 1,800 g/m2/yr.

The following text describes the estimates of DOC loading rates presented in Table 3C-13 and
summarizes DOC loading estimates and criticisms of the 1995 estimates presented at the water right hearing.
Consult the sources listed in the notes for Table 3C-13 for more detail about how these estimates were
derived.  The use of DOC loading estimates for the impact analysis is described under “Impact Assessment
Methodology”.

Dissolved Organic Carbon Loading in Existing Agricultural Drainage

Estimates of DOC loading from agricultural operations in the Delta provide a baseline DOC loading
level for the impact analysis.  The 1995 DEIR/EIS used information from DWR MWQI agricultural
measurements to establish existing DOC budgets and loading estimates.  Those estimates have been updated
based on DWR MWQI measurements of DOC concentrations and annual drainage volume (see Appendix G
of the 2000 REIR/EIS).  That fraction of the average DOC concentrations not accounted for in applied-water
DOC was multiplied by estimated annual drainage depth to provide a calculated load.  A similar method of
load calculation was conducted for Twitchell Island records.  These estimates are described further in
Appendix G of the 2000 REIR/EIS.

Assumed agricultural loads from two modeling studies are also included in the list of agricultural
drainage estimates.  Using the Delta Wetlands island drainage load values as a reasonable range of likely
DOC loads, an average of 12 g/m2/yr was used in the DeltaDWQ model in the 1995 DEIR/EIS.  This average
value for the project islands was supported further when the model was calibrated to export DOC
concentration data; the loading estimate of 12 g/m2/yr correlated well with DOC concentrations measured
at the SWP and CVP pumping plants (see Appendices C2 and C4 of the 1995 DEIR/EIS).  

Estimates of drainage flows and drainage DOC concentrations presented in an MWQI report  titled
“Candidate Delta Regions for Treatment to Reduce Organic Carbon Loads, MWQI-CR #2” (Jung and Tran
1999) were used to calculate the average DOC load for Delta lowlands islands.  These estimates were based
on DOC concentrations and drainage volumes from DWR Delta lowlands modeling.  The calculated load
was 8 g/m2/yr.
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Dissolved Organic Carbon Loading under Project Conditions

Estimates from the 1995 DEIR/EIS

Several experiments were conducted for the Delta Wetlands Project to assess DOC loading under
seasonal wetland and reservoir operations (see Appendix C3 of the 1995 DEIR/EIS).  The methods and
results of these experiments were challenged at the water right hearing and in comments on the 1995
DEIR/EIS.  A brief summary of the experiment results and a discussion of challenges to those results follows.

In the wetland demonstration experiment, a portion of Holland Tract was flooded and a shallow
flooded wetland habitat (0.5 meter deep) was created.  Water samples were collected for approximately
3 months, and a DOC load was estimated.  The wetland demonstration project estimated a total DOC load
of 7 to 17 g/m2/yr.  In addition, a second experiment was conducted to ascertain the DOC load generated
from the decay of wetland plants.  Wetland plant decay experiments suggested a load of 5.1 to 7.5 g/m2/yr.
Compared to agricultural conditions, wetlands may provide lower DOC loads because the peat soil of
wetlands generally will be more moist and less aerobic than that of agricultural soils.  However, a seasonal
wetland loading of 12 g/m2/yr was assumed in DeltaDWQ, equivalent to the assumed agricultural drainage
load.

Additional experiments were conducted to assess DOC loading under Delta Wetlands Project
reservoir operations.  At the demonstration wetland on Holland Tract, loading was estimated for an extended
period of time when a seasonal wetland was deep-flooded (to approximately 0.8 m) to characterize possible
reservoir operations.  In this experiment, the overall DOC load was estimated from the combined flooded
wetland and water storage periods at the Holland Tract wetland demonstration project.  The result was an
estimated DOC load of 21 g/m2/yr.

In 1991, as part of DWR’s emergency water bank, Tyler Island was flooded for approximately one
month.  DOC loading was estimated based on collected water samples.  The Tyler Island experiment resulted
in an estimated total DOC load of 30 to 36 g/m2/yr.  Much of the DOC loading was probably the result of
the rapid decay of cornfield vegetation residue and oxidized surface peat soil.  

Parties to the water right hearing questioned the validity of these experimental results.  CUWA,
CCWD, and others argued that the Holland Tract flooded wetland experiment  was stopped too soon; they
said that it was unclear whether the level of DOC had started to level off or not, and that the reported DOC
loading was therefore underestimated.  Additionally, for all the experiments, CUWA stated that the testing
procedure for THMFP was inaccurate in waters containing more than 10 mg/l of DOC and that the laboratory
used for water quality testing did not maintain good laboratory practices (Krasner testimony 1997).

Estimates from the Special Multipurpose Applied Research Technology Station Studies

The SMARTS experiments provided estimates of DOC loading from flooded peat soils obtained
from a field on Twitchell Island that had been in agricultural conditions during the previous year.  The results
of the SMARTS experiments are discussed above in detail; Table 3C-13 includes loading results from the
static tanks.
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Estimates from Water Right Hearing Participants

Table 3C-13 summarizes the range of estimated DOC loads provided in testimony.  A wide range
of DOC estimates was provided; the estimates were based on physical/chemical process theory, including
molecular diffusion, advection, and bioturbation (i.e., mixing by benthic organisms).  Estimates from Stuart
Krasner and Richard Losee for CUWA, K. T. Shum for CCWD, and Michael Kavanaugh for Delta Wetlands
are briefly discussed below.  Refer to the hearing exhibits for more information on how these values were
developed.  The estimates of DOC loading provided in testimony are theoretical; no direct in-field or
experimental results on DOC loading under project conditions were presented.

Stuart Krasner of CUWA estimated the potential impact of the Delta Wetlands Project on THM
formation and water treatment operations using estimated DOC concentrations from the Delta Wetlands
reservoirs of 8, 16, and 32 mg/l.  Assuming a reservoir depth of 6 meters and an initial applied-water DOC
concentration of 3 mg/l, the resulting DOC loading estimates would be 30, 78, and 174 g/m2/yr, respectively
(Krasner testimony 1997).

Richard Losee of CUWA provided independent estimates of DOC from primary production (i.e.,
algae biomass) and from peat soil.  Losee identifies the following sources of primary production on the
reservoir islands:

# planktonic algae or phytoplankton,
# benthic or attached algae,
# submersed macrophytes,
# floating vegetation,
# emergent macrophytes, and
# terrestrial vegetation.

Based on Cladophora production rates in a shallow MWD reservoir reported by Losee and assuming
a Delta Wetlands reservoir depth of 6 meters, DOC loading from primary production is calculated as 50 to
1,250 g/m2/yr.  Losee also estimated peat soil as a source of DOC by determining the amount of organic
carbon that is potentially available from mass estimates of the organic carbon in the sediment pools.  This
analysis resulted in an estimated DOC concentration of 300 mg/l in water 6 meters deep, which translates
into a DOC loading estimate of 1,830 g/m2/yr.  Losee’s DOC loading estimates were the highest estimates
presented at the hearing and more than 10 times greater than measurements from the SMARTS experiments.
(Losee testimony 1997.)

K. T. Shum of CCWD and Losee provided an estimate of DOC loading from seepage control pump
operations (see Chapter 3D).  They estimated groundwater DOC concentrations of 20 to 40 mg/l (loading
of 9.2 to 18.4 g/m2/yr) based on an assumption that 8,100 af of water would be pumped through the wells
on Bacon Island during a 9-month storage period.  (Losee and Shum testimony 1997.)

Shum also testified about the magnitude of the flux of TOC from the peat sediments when molecular
diffusion is the only transport process present.  This estimate is based on an assumed peat-soil pore-water
DOC concentration of 70 mg/l from the top 0.3 meter of the soil and a water column DOC concentration of
10 or 40 mg/l.  Based on a 5- to 25-fold increase in the DOC diffusion loading rate as a result of various
transport mechanisms such as bioturbation, wave pumping, and seepage, the resulting loading values were
16 to 160 g/m2/yr.  (Shum testimony 1997.)

Michael Kavanaugh for Delta Wetlands estimated DOC loading on habitat and reservoir islands
based on diffusion from sediments, vegetative biomass, and algae production.  Results for the reservoir
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islands were 3.5 to 11.9 g/m2/yr for Bacon Island and 3.5 to 12.7 g/m2/yr for Webb Tract;  results for the
habitat islands were 7.3 to 20.6 g/m2/yr for Bouldin Island and 3.7 to 10.3 g/m2/yr for Holland Tract.
(Kavanaugh testimony 1997.)

See “Impact Assessment Methodology for the 2000 Revised Draft EIR/EIS” below and Appendix G
of the 2000 REIR/EIS for information about how estimates presented in testimony were considered in the
impact analysis.

CHANGES IN DISINFECTION BYPRODUCT RULES

Since release of the 1995 DEIR/EIS, new or revised standards have been adopted or proposed
regarding DBPs in treated drinking water.  The following sections describe new rules for TOC removal
before treatment and revised and proposed THM standards.

Total Organic Carbon Removal Requirements

Since release of the 1995 DEIR/EIS, standards for TOC removal before treatment have been adopted
under the Safe Drinking Water Act (SDWA).   TOC consists of both DOC and particulate organic carbon
(POC).  DOC represents more than 90% of the TOC present in Delta waters  (California Department of
Water Resources 1994).  The SDWA rules specify requirements for the removal of TOC.  Municipal water
treatment plants may remove this substance by enhanced coagulation (e.g., using alum); water systems that
obtain their water supplies from surface-water or groundwater sources and use conventional filtration
processes may use enhanced softening to remove TOC.

The following table shows the percentage of TOC that must be removed based on the alkalinity and
TOC concentrations in source water.  Removal of TOC before chlorination will generally reduce the THM
concentrations.  Because Delta water generally has an alkalinity between 60 and 120 mg/l as calcium
carbonate (CaCO3), removal of 25% or 35% of the raw-water TOC will be required.  This TOC would be
removed before the water is chlorinated to reduce the necessary Cl2 dose and to reduce the subsequent
formation of THMs.

Requirements for Percentage of Total Organic Carbon to be Removed
for Systems Using Conventional Treatment

Alkalinity (mg/l as CaCO3)

Source Water TOC (mg/l) 0-60 60-120 >120

2–4 35% 25% 15%

4–8 45% 35% 25%

>8 50% 40%             30%
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Revised Trihalomethane Standards

The EPA maximum contaminant level (MCL) for THM concentrations in drinking water has been
revised from 100 to 80 Fg/l since release of the 1995 DEIR/EIS.  Because THM concentrations vary
seasonally, the THM standard is applied to a moving annual average based on quarterly or monthly samples
at the treatment plants.  Many water treatment plants have responded to the regulatory change by using
enhanced coagulation with Cl2 as the primary disinfectant or by changing treatment technology (e.g., ozone
[O3]).

EPA has also proposed future (“Stage 2”) THM rules.  The proposed rule, which is expected to go
into effect in 2002, would lower the MCL for THMs to 40 Fg/l.  To respond to this regulatory change,
treatment plants will likely need to install treatment systems using O3, granular activated carbon (GAC),
and/or membranes.  These changes will increase water treatment costs.  

IMPACT ASSESSMENT METHODOLOGY FOR
THE 2000 REVISED DRAFT EIR/EIS

This section provides an overview of the assessment methods used to evaluate water quality impacts
of the proposed Delta Wetlands Project in the 2000 REIR/EIS and explains how the new or updated
information described above has been incorporated into the assumptions and methods used.  The section
focuses on the quantitative models used to estimate Delta drainage and export water quality (i.e., DOC and
salinity) and DBP concentrations (i.e., THMs and bromate) at the treatment plants under baseline and with-
project conditions.  Additional information about these methods can also be found in the section from the
1995 DEIR/EIS above entitled “Impact Assessment Methodology”, Appendix G of the 2000 REIR/EIS, and
Appendix C4 of the 1995 DEIR/EIS.  

Modeling Delta Wetlands Project Effects on Salinity and
 Dissolved Organic Carbon

Water quality at Delta export locations is a function of the quality of water coming into the Delta,
the ways in which that quality may change as a result of in-Delta activities, the volume of Delta inflows and
exports, and the proportion of the export water coming from each source.  Export water is a mixture of water
from the central Delta, San Joaquin River water, and Delta agricultural drainage.  Under Delta Wetlands
Project operations, Delta Wetlands discharges would be another source of export water and would therefore
affect Delta export water quality.  Quantitative modeling is used to estimate the contribution of the Delta
Wetlands islands to levels of water quality constituents at Delta channel locations and in Delta diversions
and exports.

Modeling Used for the 1995 Draft EIR/EIS Impact Assessment

Before the 1995 DEIR/EIS was prepared, no model existed for estimating the relationship between
the water budget for Delta agricultural islands (diversions, ET, and drainage) and the salinity (EC) and DOC
concentration patterns in agricultural drainage.  The Delta drainage water quality model DeltaDWQ was
developed to estimate the contribution of the Delta Wetlands islands to levels of EC, DOC, Cl-, and Br- at
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Delta channel locations and in Delta diversions and exports under no-project conditions and under project
operations.  DeltaDWQ combined all of the following:

# DeltaSOS simulations of monthly channel flows;

# DeltaSOS estimates of monthly diversion, storage, and discharge volumes for the
Delta Wetlands Project islands; and

# simulations of water quality constituent concentrations in monthly agricultural drainage flows
and Delta Wetlands Project discharges.

DeltaDWQ simulated Delta agricultural drainage water quality by simultaneously accounting for water, salt,
and DOC budgets.  Refer to Appendix C4 in the 1995 DEIR/EIS for a detailed description of the DeltaDWQ
model.

Modeling Used for the 2000 Revised Draft EIR/EIS Impact Assessment

For the 2000 REIR/EIS, the DeltaSOS model was modified to incorporate the equations for
predicting the water quality of agricultural drainage and Delta Wetlands reservoir island storage.  The revised
model also incorporated equations that would predict the effects of agricultural drainage and Delta Wetlands
discharges on constituent concentrations in Delta channels and exports.  Simplified water budget and DOC
and salt loading functions were included in the model.  This modification of DeltaSOS with water quality
calculations is called the DeltaSOQ model.  Use of the DeltaSOQ model eliminates the need for a separate
DeltaDWQ model.  This section provides a summary of the assessment method; Appendix G of the 2000
REIR/EIS describes the method in detail by:

# describing the methods included in DeltaSOQ for estimating Delta source contributions of DOC
and salt concentrations,

# explaining the assumptions and methods used for calculating DOC loading from agricultural
drainage and Delta Wetlands discharges, and

# demonstrating the calibration of the model using historical water quality measurements of Delta
inflows and exports.

Estimating Changes in Salinity.  The salinity (EC and Cl-) of water from the central Delta, the San
Joaquin River, agricultural drainage, and the Delta Wetlands Project islands and the proportions in which
water from these sources is present in the exports determine export salinity.  The volume of Delta flows and
exports and salinity intrusion from Suisun Bay are used in calculations of Delta salinity.  Methods used to
simulate project effects on salinity in the 2000 REIR/EIS are similar to the methods described in the 1995
DEIR/EIS, but the equations have been updated to reflect updated salinity measurements from MWQI and
other sources.  Appendix G of the 2000 REIR/EIS provides more detail on the equations used to calculate
salinity in DeltaSOQ.  

Estimating Changes in Dissolved Organic Carbon.  Project effects on DOC concentrations in
Delta exports are a function of the following:
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# the DOC concentrations in water diverted onto the Delta Wetlands islands;

# evaporative losses;

# DOC loading from peat soils and plant growth;

# residence time (i.e., the length of time water is stored on the islands before being discharged);

# DOC concentrations in Delta receiving waters at the time of Delta Wetlands discharges; and

# the relative amount of Delta Wetlands water in exports. 

The methods used to estimate DOC under existing conditions (i.e., DOC in Delta inflows and Delta
agricultural drainage) are based on DOC measurements and mass balance estimates, similar to the methods
used for salinity (see Appendix G of the 2000 REIR/EIS).  Although Delta Wetlands would cease farming
operations on the islands under project conditions, the contribution of Delta Wetlands islands to agricultural
drainage DOC (estimated as 1 g/m2/month or 12 g/m2/yr, as shown in Appendix C4 of the 1995 DEIR/EIS)
is simulated as a constant under no-project and with-project conditions in response to comments on the 1995
DEIR/EIS.  To determine project effects on DOC concentrations in the exports, the model includes an
estimate of DOC loading under project operations in addition to the no-project estimate, as described below.

An additional load of DOC could result from inundation of the peat soils during reservoir operations
under the proposed project.  Reservoir operations might cause more DOC to be mixed from the pore water
into the water column than when the peat soils are drained under agricultural practices.  Measured data on
DOC loading under flooded peat-soil conditions similar to conditions proposed by Delta Wetlands are not
available; therefore, an estimated range of possible DOC loading from reservoir operations is based on
experimental results.  

For purposes of impact analysis, a range of potential DOC loads on the reservoir islands was
assumed.  In the long term, repeated filling and emptying of the Delta Wetlands reservoir islands might leach
out most of the soluble organic material, and DOC loading from peat soils might decline over time.
However, the first fillings of the islands would likely result in high DOC loading.  The analysis presents three
simulations of potential project effects on DOC in Delta exports: an assumption for long-term DOC loading
(1 g/m2/month of storage), an assumption for initial-filling DOC loading (4 g/m2/month of storage), and an
assumption for high initial-filling DOC loading (9 g/m2/month of storage). The initial-fill assumptions
include potential DOC loads from interceptor well operations.  The loading estimates are summarized in
Table 3C-14 and are discussed in more detail in Appendix G of the 2000 REIR/EIS. 

Modeling Delta Wetlands Project Effects on Disinfection Byproducts

The potential effects of Delta Wetlands Project operations on treated-drinking-water DBPs (i.e.,
THM and bromate) are evaluated as an additional level of water quality impact assessment.  DBP
concentrations are determined by the raw water quality parameters (DOC and Br-) as well as the treatment
process parameters (chlorination dose, pH, temperature); therefore, only representative estimates of the
incremental effects of increased DOC and Br- concentrations on these DBP concentrations can be calculated.
The latest Malcolm Pirnie equation for use in predicting THM concentrations and the Ozekin predictive
equation for bromate formation in treating drinking water were evaluated for use in the impact analysis.  The
review of these assessment methods and the equations used in the DeltaSOQ model are described in
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Appendix G of the 2000 REIR/EIS.  Potential effects of Delta Wetlands Project operations on THM
concentrations are calculated in the model; the effects on bromate concentration are not calculated because
no reliable relationship between bromate and DOC or Br- could be identified. 

CRITERIA FOR DETERMINING IMPACT SIGNIFICANCE

The State CEQA Guidelines encourage each public agency to develop and publish thresholds of
significance.  The SWRCB has not published specific significance criteria for projects affecting Delta water
quality; however, the SWRCB and EPA have established regulatory objectives and numerical standards, such
as those contained in the 1995 WQCP, to protect beneficial uses of Delta waters.  The criteria used to
determine the significance of effects of Delta Wetlands Project operations on water quality were set to
conform with these existing objectives and standards.  For Delta water quality variables for which no
regulatory objectives or numerical standards have been set, the selected significance threshold is a percentage
change from existing measured values that encompasses natural variability in water quality constituents.

Since release of the 1995 DEIR/EIS, numerical requirements for TOC removal before water
treatment have been established under the Safe Drinking Water Act, and EPA has revised its standard for
THM concentrations in drinking water.  Also, during the Delta Wetlands water right hearing, some
protestants raised concerns about the adequacy of the 1995 DEIR/EIS significance criteria in protecting Delta
water quality.  As discussed below, these factors were considered when significance criteria were established
for the 2000 REIR/EIS impact analysis for water quality.

Significance Criteria Used in the 1995 Draft EIR/EIS

For the 1995 DEIR/EIS analysis, it was assumed that there are benefits to maintaining water quality
better than that specified by the numerical water quality criteria.  Therefore, significance thresholds for
variables with numerical water quality criteria were established at 90% of the specified water quality
standards.  If simulated project operations caused the value for a water quality variable to exceed 90% of the
numerical standard for that variable, the effect was considered in the 1995 DEIR/EIS to be a significant water
quality impact.  Maximum significance criteria were not set for constituents that do not have numerical
regulatory standards.

A second significance criterion was based on the assumption that some changes may be substantial
compared with the natural variability of the water quality variable under no-project conditions and could be
considered significant impacts.  Natural variability caused by tidal flows, river inflows, agricultural drainage,
and biological processes in the Delta channels is sometimes quite large relative to the numerical standards
or mean values of water quality variables.  Natural variability was assumed to be at least 10% of the specified
numerical limit for variables with numerical limits or 10% of the mean value for variables without numerical
limits.  Measurement errors and modeling uncertainties were likewise assumed to be at least 10% of the
measured or modeled values.

It would be unreasonable to establish a significance threshold that does not allow for project effects
that fall within the range of natural variability of the constituents in question; doing so would make effects
attributed to the project indistinguishable from no-project conditions.  Therefore, simulated changes that
were less than 10% of either the numerical limit or the measured or simulated mean value of the variable
were not considered to be identifiable.  In other words, these changes would be indistinguishable from the
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minimum range of assumed natural variability and model uncertainty.  Based on professional experience,
it was further considered reasonable that distinguishable changes from no-project conditions would be
identified as significant when they would result in a variance greater than 10% of the mean or standard
condition.  This adds 10%, adding up to 20% of the numerical limits for water quality variables with
numerical limits or 20% of the mean value for variables without numerical limits.

Comments on Significance Criteria

Several parties to the water right hearing and commenters on the 1995 DEIR/EIS have questioned
the adequacy of the significance thresholds used in the impact analysis for water quality, arguing that these
thresholds would not ensure the protection of all beneficial uses, most notably municipal water uses.  The
challenges are based on the concern that natural variability differs among water quality constituents and that
any change for some constituents may unacceptably degrade resources that are already impaired.  In addition,
some parties have argued that economic effects on treatment plant operators (increases in treatment costs)
that could result from project-related increases in salinity and DOC concentrations should be considered
significant impacts.

The determination of impact significance and proposed mitigation described in the 1995 DEIR/EIS
and in the 2000 REIR/EIS are intended to ensure that the project complies with NEPA and CEQA
requirements.  NEPA requires that an EIS disclose the direct, indirect, and cumulative effects of the proposed
action but does not require significance determinations for individual project effects (40 CFR 1502.16).  A
lead agency is directed by CEQA to assess the significant environmental effects of a proposed project and
has discretion regarding the most appropriate methodology for determining the significance of effects.  The
lead agency may adopt thresholds of significance for general use developed through a public review process,
or may use other methods for determining impact significance for each particular project, based on
substantial evidence.  In addition, the State CEQA Guidelines state that a change in the environment is not
significant if it complies with a “standard”.  A standard is defined as, among other things, a quantitative
requirement adopted by a public agency through a public review process.  (State CEQA Guidelines Sections
15126, 15064.7, and 15064.)  Also, the State CEQA Guidelines state that economic changes resulting from
a project “shall not be treated as significant effects on the environment”; similarly, NEPA requires discussion
of economic effects to the extent that they are interrelated with environmental impacts (State CEQA
Guidelines Section 15064; 40 CFR 1508.14).  Therefore, economic effects will be considered by the SWRCB
and USACE in their project approval processes, but no significance thresholds are required for such effects.

Normally, significance thresholds are based on established regulatory standards.  The 1995 WQCP
established numerical objectives for some of the Delta water quality variables assessed in this analysis (i.e.,
Cl-, EC).  In this EIR/EIS, significance thresholds for these variables are set to be more stringent than the
adopted standards based on the following assumptions:

# It would be beneficial to maintain water quality that is better than that specified by the water
quality objectives.

 # Measurement errors and modeling uncertainties account for 10% of measured or modeled
values.

The significance thresholds of a change of 20% of the numerical limit and a change to a value that is more
than 90% of the allowed limit for these variables therefore exceed the expectations of CEQA and NEPA.



Delta Wetlands Project Chapter 3C.  Water Quality
Final Environmental Impact Statement July 20013C-70

Established standards do not exist for project effects on DOC concentrations in Delta waters.  In the
absence of recognized standards, this analysis proposes 20% of average measured DOC values as the
significance threshold for the assessment of project effects.  This criterion was selected to detect changes
that exceed the range of natural variability and that can therefore be attributed to project operations.  It would
be unreasonable to establish a significance threshold that does not allow for project effects that are within
the natural variability of the constituents in question because project effects would be impossible to
differentiate from no-project conditions.

In addition, EPA has set numerical limits for THM levels at municipal water treatment plants.
Although the Delta Wetlands Project would not directly produce THMs, project contributions to DOC and
Br- concentrations in Delta waters could affect the subsequent formation of THMs at treatment plants.
Therefore, the 20% and 90% significance thresholds described above have also been applied to the THM
limits, with potential THM increases calculated based on estimated increases in DOC concentrations under
unmitigated project operations.  The potential effects of DOC loading under project operations are thus
covered under two significance determinations, one for increases in DOC concentrations and one for
estimated effects on treatment plant production of THMs.

The impact assessment for Delta Wetlands Project effects on water quality is performed using the
available monthly average measurements and simulations of monthly average Delta conditions and project
operations.  Use of monthly data allows for a preliminary estimate of the number of months in which
unmitigated project operations could substantially affect water quality; it also provides the basis for a
comparison of relative effects of the project alternatives, consistent with CEQA and NEPA requirements.
However, Delta Wetlands would be required to adjust actual operations daily in response to daily monitoring
of actual Delta conditions and the quality of water stored on the Delta Wetlands islands.  The significance
criteria and estimates of the potential for project operations to cause exceedances of specified parameters
presented in this impact assessment are used to develop mitigation measures under CEQA and NEPA on a
monthly time step (see “Recommended Mitigation and Application to Delta Wetlands Project Operations”
below).  However, significance criteria for CEQA/NEPA analysis may differ from the requirements in
water right terms and conditions that may be used to trigger changes in project operations.

During the water right decision process, the SWRCB considers a project’s effects on present and
anticipated beneficial uses of Delta water.  For example, some beneficial uses are more sensitive to changes
in specific water quality variables than to changes in other variables; in these cases, the lead agencies may
apply a mitigation trigger other than 90% of a specified limit or 20% change.  In other words, the SWRCB
may apply different performance standards for triggering mitigation, based on substantial evidence, in the
terms and conditions of the water right permits.  Possible mitigation approaches and the relationship between
CEQA/NEPA mitigation measures and the terms and conditions of water right permits are discussed in
“Recommended Mitigation and Application to Delta Wetlands Project Operations” below.

Summary of Significance Criteria Used in the 2000 Revised Draft EIR/EIS Analysis

The significance criteria used in the 2000 REIR/EIS analysis are identical to those used in the
1995 DEIR/EIS except that the THM criterion has been updated in response to changes in the federal
Disinfection Byproducts Rule.  The selected water quality impact assessment variables and the significance
criteria used in the 2000 REIR/EIS for each variable are summarized in Table 3C-15.

The EPA standard for THM concentrations in drinking water has been revised from 100 to 80 Fg/l
since preparation of the 1995 DEIR/EIS.  For the 2000 REIR/EIS analysis, the significance criterion was
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lowered to exceedance of 72 Fg/l (90% of 80 Fg/l) or changes greater than 16 Fg/l (20% of 80 Fg/l)  to
reflect the new THM standard.  Because the THM standard is based on an annual running average of THM
measurements, the significance criterion may be applied more appropriately to the annual average THM
values.  However, the monthly criterion has been used for both the 1995 DEIR/EIS and 2000 REIR/EIS
analyses to provide a more conservative approach to THM impact analysis.

Changes in export DOC concentrations caused by Delta Wetlands Project operations could affect
TOC removal requirements at treatment plants (see “Changes in Disinfection Byproduct Rules” above).  An
increase in export DOC might cause the TOC removal requirement to change from 25% to 35%.  Although
the project-related changes in export DOC are within existing variations in DOC, the Delta Wetlands Project
could affect the frequency with which treatment plants would need to meet higher TOC removal
requirements and, as a result, could affect the cost of treatment operations.  As discussed above, changes in
treatment costs are not considered an environmental impact (State CEQA Guidelines Section 15064[e]).  No
new significance criteria were needed for this water quality variable.

ENVIRONMENTAL CONSEQUENCES

Water quality impacts of Delta Wetlands Project operations were assessed by comparing conditions
under simulated project operations with conditions under the simulated No-Project Alternative.  The
simulated No-Project Alternative represents Delta water quality conditions that are likely to exist in the
absence of Delta Wetlands Project operations (i.e., continued and intensified farming operations on the four
Delta Wetlands Project islands), with a repeat of the historical hydrologic conditions, but with existing
facilities, water demands, and Delta standards.  See Chapter 3A for a description of the DeltaSOS modeling
assumptions.

The 25-year period of 1967-1991 was used in the 1995 DEIR/EIS assessment of water quality effects
for several reasons:

# The range of hydrologic conditions during this period is similar to that of the full 73-year period
of the hydrologic record (1922-1994) (see Appendix A1 of the 1995 DEIR/EIS).

# Most reservoirs and diversion facilities were operational during this 25-year period.

# Historical EC and water quality data are available for this period.

The full 1922-1994 period was used in the 2000 REIR/EIS assessment.  The results from the most recent 23-
year period of the hydrologic record (1972-1994) are shown graphically to illustrate the model calculations
and results.

As described in the 1995 DEIR/EIS, four locations in the Delta (Chipps Island, Emmaton, Jersey
Point, and Delta exports) were selected for assessment of impacts related to Delta salinity conditions.  A
representative Delta export location was used because the impact assessment methods cannot distinguish
reliably between water quality conditions at the major export or diversion locations (CVP exports at Tracy,
SWP exports at Banks, and CCWD diversions at Rock Slough or Old River intakes).

Impacts related to DOC and THM concentrations were assessed for Delta exports only.  Export DOC
concentrations were evaluated with the DeltaSOQ model for a range of estimates of DOC loading from the
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Delta Wetlands reservoir islands.  THM concentrations in treated drinking water were evaluated using the
revised THM equation (see Appendix G of the 2000 REIR/EIS).

Simulated Delta Water Quality for the
No-Project Alternative

As noted above, the No-Project Alternative is simulated to represent likely Delta conditions that
would result from a repeat of the historical hydrologic sequence, but with existing water project facilities
(reservoirs, diversions, and canals) and current levels of demand for upstream diversions and Delta exports.
Delta conditions under the No-Project Alternative are assumed to be controlled by objectives of the 1995
WQCP and other applicable water rights, agreements, and requirements.  The results of simulations of the
No-Project Alternative are compared with historical data to confirm the reliability of the DeltaSOQ model
in predicting general trends.  Water quality conditions were simulated for 1922 through 1994 (73 years) for
the 2000 REIR/EIS analysis based on the results of baseline water supply and operations modeling (i.e.,
DWRSIM results; see Chapter 3A, “Water Supply and Water Project Operations”).  Results for the entire
73-year study period are presented in tables, and a series of figures compares simulation results and  available
historical data for 1972 to 1994.

Because of the differences in facilities, levels of demand, and regulatory requirements between the
No-Project Alternative and historical conditions, however, the No-Project Alternative simulation results
should not be expected to correspond in all details to historical Delta operations  and should not be confused
with actual Delta operating conditions for the years compared.  Once the reliability of DeltaSOQ in
predicting trends is established, the simulated No-Project Alternative serves as the baseline condition with
which simulated Delta Wetlands Project operations are compared for impact assessment purposes, as
described below.

Simulated Electrical Conductivity at Delta Channel Locations and Chloride in Delta Exports

As reported in the 1995 DEIR/EIS, the simulated maximum EC values at all four Delta locations and
the export Cl- concentrations were generally lower than measured historical values because Delta outflow,
as simulated by DeltaSOS, satisfies the 1995 WQCP objectives and therefore is generally higher than
historical flows.

Figure 3C-38 shows simulated patterns of EC at Chipps Island for 1972-1994 for the No-Project
Alternative.  Table 3C-16 lists the simulated no-project EC values at Chipps Island for the entire 1922-1994
study period.  During periods of high Delta inflow, salts at Chipps Island are flushed and salinity becomes
similar to river-inflow EC (assumed to be 150 FS/cm).  During periods of low Delta inflow, outflow is often
controlled by required minimum outflow objectives or salinity standards.  The maximum monthly EC value
for Chipps Island was 12,355 FS/cm for the simulated No-Project Alternative.

Figure 3C-39 shows simulated patterns of EC at Emmaton for 1972-1994 for the No-Project
Alternative.  Table 3C-17 lists the simulated no-project EC values at Emmaton for the entire 1922-1994 study
period.  The simulated maximum EC value for Emmaton for the No-Project Alternative was 3,115 FS/cm.

Figure 3C-40 shows simulated patterns of EC at Jersey Point for 1972-1994 for the No-Project
Alternative outflows.  Table 3C-18 lists the simulated no-project EC values at Jersey Point for the entire
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1922-1994 study period. The simulated maximum EC value for the No-Project Alternative at Jersey Point
was 2,522 FS/cm.

Seawater intrusion effects are much less pronounced in central Delta exports than at Jersey Point;
Sacramento River diversions through the DCC and Georgiana and Threemile Sloughs into the central Delta
mix with tidal flows from the lower San Joaquin River to produce relatively freshwater conditions in Delta
exports.  In addition to seawater intrusion episodes, other fluctuations in simulated EC and Cl- concentrations
in Delta exports are caused by variations in San Joaquin River inflow and agricultural drainage effects.
These effects are included in the DeltaSOQ estimates of Delta export EC and Cl- concentrations.

Figures 3C-41 and 3C-42 show the simulated patterns of EC and Cl- concentration, respectively, in
Delta exports for 1972-1994 for the No-Project Alternative.  Simulated monthly EC values reach a maximum
of about 1,000 FS/cm during low-outflow periods when seawater intrusion is greatest.  Maximum simulated
monthly Cl- concentrations are about 230 mg/l, which is less than the maximum allowable (i.e., WQCP
objective) concentration of 250 mg/l.  Table 3C-19 lists the simulated export EC values for the No-Project
Alternative for the entire 1922-1994 study period and the flow-weighted average export EC values for each
water year.  Table 3C-20 lists the simulated export Cl- concentrations for the No-Project Alternative for the
entire study period.  The flow-weighted average export Cl- concentrations range from 38 to 171 mg/l, with
an overall average export Cl- concentration of 87 mg/l.

Simulated Dissolved Organic Carbon in Delta Exports

Figure 3C-43 shows simulated monthly values of DOC concentrations in Delta exports for 1972-
1994 for the No-Project Alternative.  Historical DOC data from the export locations was available only after
1986; however, the graph shows the data plotted against the 1972-1994 time period to provide for easy
comparison with Cl- data in Figures 3C-38 through 3C-42.  Table 3C-21 lists the simulated export DOC
concentrations for the No-Project Alternative for the entire 1922-1994 study period.  The simulated monthly
values ranged from 2.4 to 11.4 mg/l but were generally between about 3 and 6 mg/l, with occasional DOC
concentrations of greater than 10 mg/l that correspond to periods when Delta agricultural drainage returns
are highest (i.e., December–March) (see Table G-2 in Appendix G of the 2000 REIR/EIS) account for a high
portion of the exported water.  The simulated DOC concentrations were highest in the winter months
(January–March) because of rainfall, drainage, and leaching of salt from the agricultural islands.  The
simulated flow-weighted average export DOC concentrations for the No-Project Alternative ranged from
3.2 to 6.2 mg/l, with an average export DOC concentration of 4.3 mg/l.

Estimated Trihalomethane Concentrations for a Typical Treatment Plant

Figure 3C-44 shows the estimated THM concentrations in chlorinated drinking water from Delta
exports for the No-Project Alternative for 1972-1994.  Table 3C-22 lists the simulated THM concentrations
for the No-Project Alternative for the entire 1922-1994 study period.  The concentrations were estimated
using the revised THM equation described in Appendix G of the 2000 REIR/EIS.  The monthly values ranged
from 32 to 171 Fg/l, but were generally between about 30 and 80 Fg/l, with occasional THM concentrations
of greater than 100 Fg/l that corresponded to high DOC or Cl- concentrations at the export locations.
Because the THM drinking-water MCL standard (80 Fg/l) is based on an annual moving average, the
flow-weighted annual average THM concentrations may be more relevant for regulatory compliance purposes
than the monthly concentrations.  The average flow-weighted THM concentration for the No-Project
Alternative was 55.7 Fg/l.
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Impacts of the Proposed Project

The proposed project represents Delta Wetlands Project operations with two reservoir islands (Bacon
Island and Webb Tract) and two habitat islands (Bouldin Island and most of Holland Tract).  As described
in Chapter 3A, the proposed project in the 2000 REIR/EIS analysis is represented by Alternative 2 of the
1995 DEIR/EIS with the revisions described in Chapter 2.  The most consequential of these changes is the
addition of the FOC terms.  Under the proposed project, discharges from the Delta Wetlands Project islands
would be exported in any month when combined CVP and SWP delivery deficits exist, there is unused
pumping capacity within the permitted pumping rate at the SWP and CVP pumps, and the FOC and other
operating rules are met.

Significant water quality impacts of Delta Wetlands Project operations may occur during months for
which Delta Wetlands diversions or discharges are simulated.  Project diversions could occur during months
with relatively high Delta outflows, when EC values in the Delta are low.  Most diversions would occur from
November through February, the only months with simulated diversions of more than 500 cfs.  Most project
discharges would occur from June through August.

Operational Scenarios and Maximum Water Quality Effects

The section entitled “Analysis of Water Supply and Operations from the 2000 Revised Draft
EIR/EIS” in Chapter 3A presents DeltaSOS simulation results for the proposed project under two operational
scenarios for discharge to export.  To establish the maximum potential effects from Delta Wetlands Project
operations, all project discharges are assumed to reach the exports under both scenarios.  In one scenario,
project discharges are assumed to be exported if pumping capacity exists within the permitted pumping limits
at the SWP and CVP pumping plants and if the FOC terms and other operating rules are met.  In the other
scenario, project discharges for export are subject to these same limits and are limited to periods when there
are simulated south-of-Delta delivery deficits.

The salinity impacts of the proposed project are expected to be substantially less than shown in the
1995 DEIR/EIS because of the restrictions on project diversions incorporated into the project description (see
Chapters 2 and 3A).  Because of evaporation, the Delta Wetlands discharge salinity would be only slightly
higher with the delivery-deficit restriction than it would be without such a restriction.

DOC loading from the reservoir islands is anticipated to increase with the period of storage; as a
result, the proposed project operations defined by the second scenario (with discharges limited by south-of-
Delta delivery deficits) represent the worst-case DOC loading.  The simulations of project operations show
that Delta Wetlands discharges under the second scenario are sometimes delayed by a few months compared
with discharges under the first scenario; additionally, carryover storage on the reservoir islands is more likely
under the delivery-deficit restriction (see Tables 3-15 and 3-18).  Therefore, the DOC loading and
Delta Wetlands discharge DOC concentrations are highest under the simulated conditions of the second
scenario.  For this reason, the second scenario has been used in the REIR/EIS DeltaSOQ simulations.

Table 3C-32 compares the impact conclusions of the 1995 DEIR/EIS and the 2000 REIR/EIS and
summarizes recommended mitigation measures.
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Delta Salinity Impacts (Electrical Conductivity, Chloride)

Water quality impacts of salinity increases were assessed for four selected locations in the Delta:
Chipps Island, Emmaton, Jersey Point, and Delta exports.  To simulate maximum project effects, it is
assumed in DeltaSOQ that all Delta Wetlands discharges go to the export facilities.  Therefore, when Delta
Wetlands is discharging for exports, Delta outflow would not change, so Delta Wetlands discharges would
not affect EC values at Chipps Island, Emmaton, or Jersey Point.  Delta Wetlands discharges would change
the export EC and Cl- concentration if the Delta Wetlands discharge salinity were different from the central
Delta salinity.

Delta Wetlands diversions are allowable only when Delta outflow is relatively large, so the simulated
effects of the diversions are generally small at any of the Delta locations.  The diversions may reduce the
export fractions from the San Joaquin River or from agricultural drainage, causing a slight change in export
salinity.  Depending on the magnitude of Delta flows and exports and the timing of Delta Wetlands
discharges, the EC values and Cl- concentrations of these discharges may be less than or greater than export
salinity.  DWRSIM results used in the DeltaSOS simulations include required Delta outflows that are
designed to satisfy applicable 1995 WQCP objectives for EC at all Delta locations.  Therefore, simulated
Delta Wetlands diversions are not allowed to prevent the Delta salinity objectives from being met.

The applicable 1995 WQCP EC objective changes with month, water-year type, or runoff conditions,
or with the applicable minimum required outflow.  Significance criteria may therefore differ for each month
at each Delta location.  Once the monthly effective EC objective is determined, the significance criteria are
established as 90% and 20% of the maximum EC limit under the applicable conditions.  For example, the
applicable estuarine salinity (X2) objective for Chipps Island for February to June of some years requires
an effective outflow of 11,400 cfs and is equivalent to an EC value of about 2,600 FS/cm.  However, for
some months with lower runoff, the X2 objective is at Collinsville (requiring an effective outflow of 7,100
cfs), and the Chipps Island EC value would be approximately 5,000 FS/cm.  During most other months, the
required Delta outflow is between 3,000 and 4,500 cfs, corresponding to EC values of between 10,000 and
14,000 FS/cm.

Chipps Island.  Table 3C-23 compares the monthly changes in simulated EC values for the proposed
project at Chipps Island with the EC values for the No-Project Alternative.  In the table, positive values
represent increases in EC and negative values represent decreases in EC under the proposed project when
compared to the simulated No-Project Alternative. 

The project effects on Chipps Island EC shown in Table 3C-23 are less than those reported in the
1995 DEIR/EIS (Table 3C-6) because the FOC terms now limit Delta Wetlands Project operations.  The
average changes in EC at Chipps Island in months with major Delta Wetlands diversions (December through
February) are relatively small percentages (0.8 to 2.8%) of the No-Project Alternative values (shown in Table
3C-16).  The largest simulated project increase in EC at Chipps Island during February through June, when
the significance criterion would be 520 FS/cm, is 140 FS/cm.  Therefore, as a result of incorporating the FOC
terms into proposed project operations, none of the simulated changes in EC at Chipps Island exceed the
significance criterion.  This impact is considered less than significant.  Although no mitigation is required,
the EIR/EIS lead agencies likely will require that Delta Wetlands monitor salinity effects of the project to
demonstrate compliance with the FOC terms and Delta salinity standards.

Emmaton.  Table 3C-24 compares the monthly changes in simulated EC values for the proposed
project at Emmaton with the EC values for the No-Project Alternative.  EC objectives for Emmaton,
applicable from April to August, range from 450 to 2,780 FS/cm, depending on water-year type.  It is
unlikely that Delta Wetlands would divert during these months, except to compensate for evaporative losses
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(if permitted to do so).  The changes in Emmaton EC values under simulated project operations are less than
those predicted in the 1995 DEIR/EIS because the FOC terms now limit Delta Wetlands diversions.  As
shown in the table, the largest simulated project increases in EC at Emmaton occur in August 1974 and
August 1975 (120 and 103 FS/cm, respectively).  These are wet years and the applicable EC standard during
these years is a 14-day moving average of 450 FS/cm, with an associated 20% change significance criterion
of 90 FS/cm.  Therefore, monthly simulated project operations indicate that the significance criterion would
be exceeded in these two months.  As reported in the 1995 DEIR/EIS, this impact is considered significant
and mitigation is recommended (see Table 3C-32).

Jersey Point.  Table 3C-25 compares the monthly changes in simulated EC values for the proposed
project at Jersey Point with the EC values for the No-Project Alternative.  EC objectives for Jersey Point,
applicable from April to August, range from 450 to 2,200 FS/cm, depending on water-year type.  The results
for Jersey Point are less than those predicted in the 1995 DEIR/EIS because the FOC terms limit Delta
Wetlands diversions in these months.  As shown in the table, the largest simulated project increases in EC
at Jersey Point occur in August 1974 and August 1975 (96 and 82 FS/cm, respectively).  These are wet years
and the applicable EC standard is a 14-day moving average of 450 FS/cm, with an associated 20% change
significance criterion of 90 FS/cm.  Therefore, monthly simulated project operations indicate that the
significance criterion would be exceeded in one month.  As reported in the 1995 DEIR/EIS, this impact is
considered significant and mitigation is recommended (see Table 3C-32).  

Delta Exports.  Table 3C-26 compares the monthly changes in simulated export EC values for the
proposed project with the export EC values for the No-Project Alternative.  The results reflect changes
caused by both diversion and discharge operations of Delta Wetlands.  The applicable EC standard is 1,000
FS/cm and the 20% change criterion is 200 FS/cm.  None of the simulated monthly EC changes was greater
than the criterion, so these impacts on export EC values are considered less than significant.  Changes in
export EC values are less than those presented in the 1995 DEIR/EIS because the FOC terms limit Delta
Wetlands diversions and simulated delivery deficits limit Delta Wetlands discharges.  Although no mitigation
is required, the EIR/EIS lead agencies likely will require that Delta Wetlands monitor effects of the project
on Delta export salinity to demonstrate compliance with the FOC terms and Delta salinity standards.

Commenters on the 1995 DEIR/EIS raised the concern that salinity in water diverted onto the
reservoir islands might be very high because Delta Wetlands would divert water during an initial winter
stormflow, which may be higher in salinity because of the proportion of agricultural drainage in Delta
channels at that time.  However, as described in Chapter 3A (see “Restrictions for Fish Protection” in the
section “Revisions to DeltaSOS”), for monthly modeling purposes, diversions are restricted until the previous
month’s Cl- concentration is less than 150 mg/l.  Although this restriction on diversions is not specified in
the FOC, it is used in DeltaSOQ to approximate the daily restrictions on project operations that would be
applied in response to daily changes in Delta water quality that cannot be directly modeled in the monthly
model.  The FOC restriction against diverting until the X2 location has been downstream of Chipps Island
for 1 or 10 days will generally result in Cl- concentration decreasing to less than the concentration of 150
mg/l simulated in DeltaSOQ.

Table 3C-27 compares the monthly changes in simulated export Cl- concentrations for the proposed
project with the Cl- concentrations for the No-Project Alternative.  The simulated export Br- changes would
be directly proportional to the export Cl- changes.  The maximum simulated increase in Cl- is 24 mg/l, which
is equivalent to less than 0.1 mg/l of Br-.  The applicable Cl- objective for all Delta exports is 250 mg/l, with
some periods of 150 mg/l required for CCWD diversions (depending on water-year type).  The impacts on
export Cl- concentrations shown in Table 3C-27 are less than those presented in the 1995 DEIR/EIS because
the FOC terms limit Delta Wetlands diversions and the assumed delivery deficits limit Delta Wetlands
discharges.  DeltaSOQ also limits diversions until the central-Delta Cl- concentration is reduced to less than
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150 mg/l.  This lowers the Delta Wetlands discharge Cl- concentrations compared with those in the 1995
DEIR/EIS simulations.

As a result of incorporating the FOC terms into proposed project operations, none of the simulated
changes in export Cl- concentrations exceed the 20% change criterion (Table 3C-27).  Therefore, this impact
is considered less than significant.  Although no mitigation is required, the EIR/EIS lead agencies likely will
require that Delta Wetlands monitor effects of the project on Delta export salinity to demonstrate compliance
with the FOC terms and Delta salinity standards.

Export Concentrations of Dissolved Organic Carbon

An additional load of DOC could result from inundation of the peat soils during reservoir operations
under the proposed project.  In the long term, repeated filling and emptying of the Delta Wetlands reservoir
islands might leach out most of the soluble organic material, and DOC loading from peat soils should
therefore decline over time.  At least the first few fillings, however, might result in high DOC loading.
Therefore, the tables and discussion presented below show export DOC concentrations under three
assumptions for DOC loading to stored water: an assumed initial-filling DOC loading of 4 g/m2/month of
storage, an assumed high DOC loading of 9 g/m2/month of storage, and an assumed long-term DOC loading
of 1 g/m2/month of storage.  Total Delta agricultural drainage DOC contributions (12 g/m2/year) are assumed
to remain the same under no-project and proposed project conditions, resulting in an additional 1 g/m2/month
of DOC loading on the project islands.

The simulated effects of proposed project operations on export DOC concentrations during months
with Delta Wetlands discharges for export depend on the difference between the estimated DOC
concentration in the discharges under project conditions and the export DOC simulated for the No-Project
Alternative.  The selected significance criterion for a change in export DOC concentration is 0.8 mg/l, which
is 20% of the mean measured export DOC concentration (4 mg/l).

Export Concentrations of Dissolved Organic Carbon under Long-Term Reservoir Operations.
Figure 3C-45 shows the simulated export DOC concentrations and the simulated Delta Wetlands reservoir
storage DOC concentrations for 1972-1994 using the long-term reservoir island loading assumption of 1 g/m2

per month during periods of flooding.  Periods when Delta Wetlands DOC concentration is shown as 0 mg/l
are those periods when the reservoirs are empty.  The DOC concentration in stored water increases during
the storage period as follows:
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For a given loading rate, as depth of stored water increases, the DOC will be diluted more and DOC
concentration will be reduced.  Concentration will be higher with less water depth for the same loading rate.
Under the assumed long-term loading rate of 1 g/m2/month, when the reservoir is full (i.e., storage depth is
6 meters), the Delta Wetlands DOC concentration increases during the storage period by 0.167 mg/l per
month (1 g/m2 ÷ 6 m).  This corresponds to an increase of approximately 2.0 mg/l per year.

For example, as shown in Table 3-14, the simulated Delta Wetlands reservoir filled in November
1974 and remained full until March of water-year 1976.  The initial Delta Wetlands DOC concentration was
assumed to equal the export DOC concentration of 3 mg/l.  With an increase of 2 mg/l per year, the DOC



Delta Wetlands Project Chapter 3C.  Water Quality
Final Environmental Impact Statement July 20013C-78

concentration increased to about 5 mg/l in water-year 1974, and further increased to about 7 mg/l in 1975
(Figure 4-20).  About half of the Delta Wetlands storage water was discharged in March 1976.  With the
average depth of Delta Wetlands storage reduced, the subsequent increase in Delta Wetlands DOC
concentration was more rapid until June 1976, when all but 3 TAF of Delta Wetlands storage water was
discharged, with a DOC concentration of 10 mg/l.  The very high Delta Wetlands DOC concentration of
20 mg/l shown in July 1976 corresponds to the very small remaining volume, which was discharged in July.
A similar rapid increase in Delta Wetlands DOC concentration was simulated in 1987, when a Delta
Wetlands storage volume of 40 TAF was simulated.  Periods with the greatest effect on export DOC resulting
from Delta Wetlands discharges can be identified by comparing the simulated export DOC for the long-term
loading and for the no-project conditions (Figures 3C-45 and 3C-43).  Because Delta Wetlands discharges
are a small proportion of total exports, Delta Wetlands discharges with high DOC concentrations do not
result in dramatic changes in export DOC concentrations, as illustrated in the figure.

Table 3C-28 compares the resulting monthly changes in simulated export DOC concentrations for
the proposed project with DOC concentrations for the No-Project Alternative.  The simulation results
indicate that the proposed project would increase average export DOC concentrations during months when
Delta Wetlands discharges occur.  Simulated export DOC concentrations decreased slightly during months
with Delta Wetlands diversions because the diversions reduced the fraction of agricultural drainage and San
Joaquin River inflow in exports.  The DeltaSOQ model assumes that the Delta Wetlands habitat islands, and
the reservoir islands during periods of no storage, would contribute the same DOC load as agricultural
drainage.  As shown in the table, some of the simulated monthly changes (20 out of 876) were greater than
or equal to 0.8 mg/l.  This occurred in 15 of the 73 simulated water-years.  These results are higher than those
predicted in the 1995 DEIR/EIS (Table 3C-7), which showed a change greater than 0.8 mg/l in one of
300 months.  Therefore, project effects on export DOC are considered significant and mitigation is
recommended (see Table 3C-32).

Export Concentrations of Dissolved Organic Carbon under Initial-Filling Operations.  To
simulate DOC loading under initial-filling operations, an assumed DOC load of 4 g/m2/month during storage
periods was simulated.  Figure 3C-46 shows the simulated DOC concentrations in the Delta Wetlands storage
water and exports using the initial-fill DOC-loading assumption.  Table 3C-29 compares the monthly changes
in simulated export DOC concentrations for the proposed project under the initial-filling DOC-loading
assumption with the simulated DOC concentrations under the No-Project Alternative.  As shown in the table,
increases in export DOC concentrations greater than or equal to 0.8 mg/l were simulated in at least one month
of approximately half (37) of the years.  As described above under the long-term load assumption, project
impacts on export DOC are considered significant and mitigation is recommended (see Table 3C-32). 

Export Concentrations of Dissolved Organic Carbon under High Initial-Filling Operations.
Figure 3C-47 shows the simulated DOC concentrations in Delta Wetlands storage water and exports using
the high initial-filling DOC loading assumption of 9 g/m2/month during the flooded period.  Table 3C-30
compares the resulting monthly changes in simulated export DOC concentrations for the proposed project
with DOC concentrations for the No-Project Alternative.  As shown in the table, simulated monthly changes
were greater than or equal to 0.8 mg/l in 41 of the simulated water-years when discharges from the project
are simulated (48 of the 73 simulated water- years).  The following section describes how the recommended
mitigation (Table 3C-32) would affect Delta Wetlands operations.

Example of Discharge of Delta Wetlands Storage Water with High Dissolved Organic Carbon
Concentrations under Mitigation Recommended in the 1995 Draft EIR/EIS.  As described in the 1995
DEIR/EIS, the recommended mitigation for high DOC concentrations in water stored on the Delta Wetlands
islands is to restrict Delta Wetlands discharges to prevent DOC increases of more than 0.8 mg/l in Delta
exports on a monthly basis.  High DOC concentrations in Delta Wetlands storage water are anticipated
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particularly during the first several fill operations.  Changes in export DOC under the assumed initial-fill or
high initial-fill DOC load rates are shown in Tables 3C-29 and 3C-30.  Implementation of the recommended
mitigation measure would affect Delta Wetlands’ ability to export water.

An example of how Delta Wetlands discharges would be restricted to prevent significant increases
in DOC at the export pumps is presented here.  Channel DOC concentration is assumed to be 4 mg/l.  The
highest observed DOC load from the SMARTS 2 experiment (121 g/m2 from tank 3) is used in this example
to represent worst-case DOC loading in the first year of Delta Wetlands storage operation.  With DOC
loading at a given rate (g/m2) during the first year of storage, the DOC concentration (g/m3, or mg/l) depends
on the depth of water (m) in which the DOC is diluted.  If the depth of stored water were 20 feet (6 meters),
the DOC concentration of the stored water would increase by the end of the first year of storage by 20 mg/l
(121 g/m2 ÷ 6 meters = 20 g/m3).  If the depth of water were only 10 feet (3 meters), representing a half-filled
reservoir island, the DOC concentration of the stored water would increase by the end of the first year of
storage by 40 mg/l (121 g/m2 ÷ 3 meters = 40 g/m3).  The worst-case DOC concentrations for Delta Wetlands
storage water, therefore, would be 24 to 44 mg/l.

A mass balance equation for export DOC is used to determine the applicable Delta Wetlands
discharge rate when the DOC concentration in stored water is high.  The allowable increment of export DOC
concentration will be specified by the SWRCB as one of the terms and conditions of the water right permits.
Consistent with the 1995 DEIR/EIS mitigation measure, the significance threshold of 0.8 mg/l of DOC is
used in this example as the allowable increment.  A relatively low export flow of 5,000 cfs is assumed for
this example, to limit the Delta Wetlands discharge during dry summer conditions.  The following mass
balance for export DOC would apply to the discharge of DOC from the Delta Wetlands islands:

Delta Wetlands DOC (mg/l) C Delta Wetlands discharge (cfs) + Export DOC (mg/l) C Export flow (cfs) = 
(Export DOC + Allowed DOC increment [mg/l]) C

(Delta Wetlands discharge + Export flow)

The DOC mass balance equation can be rearranged to solve for the allowable Delta Wetlands
discharge:

Delta Wetlands discharge
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For an export DOC of 4 mg/l, with an assumed Delta Wetlands DOC of 24 mg/l and an allowable DOC
increment of 0.8 mg/l, the Delta Wetlands discharge would be limited to 208 cfs.  This would require 240
days (8 months) to empty one Delta Wetlands reservoir island (100 TAF).  If both Delta Wetlands reservoir
islands were filled, more than a year (16 months) would be required to discharge the Delta Wetlands storage
(200 TAF).  DOC concentrations may continue to increase during the discharge period.  Assuming Delta
Wetlands DOC concentrations were 44 mg/l with exports at 5,000 cfs, a Delta Wetlands discharge of only
104 cfs would be allowed.

The Delta Wetlands discharge rate could be twice as high as the rates reported above if the export
pumping were increased to 10,000 cfs, and more Delta Wetlands discharge could occur during high-flow
periods when the entire Delta Wetlands discharge would not be transported to the exports (i.e., Webb
discharge during periods of high QWEST and Delta outflow).  In comparison to the worst-case assumptions
presented above, a Delta Wetlands discharge of 2,000 cfs would be allowed when the export pumping was
10,000 cfs and the Delta Wetlands DOC concentration was no greater than 5 mg/l more than the export DOC.
If the SWRCB adopts a more stringent allowable DOC increment (i.e., less than 0.8 mg/l), the Delta
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Wetlands discharge rate would be lower.  In conclusion, Delta Wetlands discharges could be limited
substantially if initial storage of Delta Wetlands water results in DOC concentrations in the stored water
corresponding to the high initial-fill loading illustrated above.

Trihalomethane Concentrations in Treated Drinking Water

Table 3C-31 compares the monthly changes in simulated treated-drinking-water THM concentrations
for the proposed project with THM concentrations for the No-Project Alternative.  The DeltaSOQ
calculations of THM for typical treatment conditions indicated that the monthly increases in THM
concentrations under the proposed project were almost always less than the criterion of 16 Fg/l.  As shown
in Table 3C-31, the 20% change threshold would be exceeded in 6 out of 876 months.  This is considered
a significant impact, as in the 1995 DEIR/EIS.  The mitigation measure has been revised to reflect the new
standards for THM (see Table 3C-32).  

If the THM MCL is reduced to 40 Fg/l as proposed by EPA, water treatment plant operations will
need to be modified to provide acceptable THM concentrations for the range of DOC and Br- that is observed
in Delta diversions and exports, even without Delta Wetlands Project operations (see “Changes in
Disinfection Byproduct Rules” above).  Because the linear relationship between treated THM concentrations
and Delta DOC and Br- concentrations under improved treatment conditions will likely remain similar to the
relationship under existing treatment conditions (i.e., a 10% increase in DOC or Br- will increase THM
concentration by 10%), the mitigation measures adopted to limit project-related increases in DOC or Br- are
still appropriate methods for controlling changes in THM concentrations as a result of project operations.
If new THM regulations take effect, the allowable project-related increase in DOC at the exports could be
reduced and the mitigation requirement for Delta Wetlands operations could be changed if needed.

The effect of project-related changes in THM concentrations at the treatment plant is primarily an
economic one.  The project-related changes in export DOC are within existing seasonal variations in DOC,
so operators would have to be prepared to treat those levels under existing or future standards.  However,
the Delta Wetlands Project could affect the frequency with which higher DOC levels reach the treatment
plants, as well as the time (i.e., season) that these DOC levels reach the plants; as a result, the project could
affect the cost of treatment operations.  Although NEPA and CEQA do not require a significance
determination of the economic impacts on treatment plant operators, the EIR/EIS lead agencies acknowledge
this potential effect of the project.  Incremental increases in the cost of water treatment with the proposed
project will be considered by USACE and the SWRCB in their project approval processes.  

Because of substantial monthly variations in THM concentrations, the current EPA monitoring
requirements allow averaging of monthly or quarterly THM samples.  The THM MCL is an annual moving
average of 80 Fg/l.  Because Delta Wetlands Project discharges would occur for a limited period each year,
the possible effects on annual average THM concentrations would be less than the increases in these
concentrations attributable to increased DOC or Br- concentrations during the discharge period.  The flow-
weighted annual increase in THM concentrations might be a closer approximation of the actual regulatory
requirements (Table 3C-31).  As described below, mitigation requirements could consider both a maximum
monthly and an annual average acceptable change in DOC or expected THM concentrations.
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Recommended Mitigation and Application to Delta Wetlands Project Operations

CEQA requires that, for each significant impact identified, an EIR discuss feasible measures to avoid
or substantially reduce the project’s significant environmental effect; mitigation measures are not required
for effects that are not found to be significant (State CEQA Guidelines Section 15126.4[a]).  NEPA, on the
other hand, does not require federal agencies preparing an EIS to avoid or mitigate impacts even if mitigation
is feasible (Robertson v. Methow Valley Citizens Council (1989) 490 U.S. 332).  In practice, however, most
individual federal agency regulations require that adverse effects of a project on protected resources be
mitigated.

In the 1995 DEIR/EIS, proposed mitigation measures to offset significant impacts on water quality
were based on limiting Delta Wetlands Project operations (i.e., diversions and discharges) so that the levels
of water quality variables would remain below the 90% and 20% significance thresholds.  This basic
mitigation requirement remains the recommended method to prevent significant water quality impacts of
Delta Wetlands Project operations.  As explained in the description of the 1995 DEIR/EIS mitigation
measures, Delta Wetlands Project operations would be regulated based on information from real-time
monitoring of actual daily Delta flows, Delta Wetlands Project operating capacities, CVP and SWP
operations, Delta water quality, quality of water stored on the Delta Wetlands Project islands, and fisheries.
The effects of Delta Wetlands Project operations on Delta flows, water quality, and fish entrainment patterns
would be reported in monthly operating reports.

The NEPA and CEQA lead agencies will adopt final mitigation requirements that would be used to
trigger adjustments to Delta Wetlands’ operations in response to project monitoring.  Those mitigation
requirements may differ from the significance criteria proposed above to meet CEQA/NEPA requirements
(see discussion under “Comments on Significance Criteria” above).  The adopted mitigation requirements
will specify monitoring and averaging periods for determining Delta Wetlands Project effects; therefore, they
may differ from the mitigation requirements that are based on the monthly simulations used in the 1995
DEIR/EIS and the 2000 REIR/EIS, which provide a reasonable analysis of the potential for significant project
impacts.  The lead agencies could specify annual averages, daily maximums, or monthly averages as
mitigation triggers, with different criteria used for different variables.  The application of different averaging
periods for water quality variables is consistent with other water quality standards (e.g., objectives in the
WQCP and EPA standards for quality of drinking water).  For example, EPA’s THM standard is applied to
a moving annual average based on quarterly or monthly sampling at treatment plants (see “Changes in
Disinfection Byproduct Rules” above).  The lead agencies will make a final determination of the mitigation
requirements to be applied to the Delta Wetlands Project in the terms and conditions of the water right
permits and in the mitigation and monitoring plans they adopt.

The effects of Delta Wetlands diversions on salinity and X2 location could be easily determined with
daily calculations and comparison with daily measurements at the established Delta monitoring locations
(i.e., Chipps, Collinsville, Emmaton, Jersey Point, and export and diversion locations).

The effects of anticipated Delta Wetlands discharges on salinity and DOC concentrations at the Delta
export and diversion locations would be estimated from measurements of Delta Wetlands storage water
quality and the measured water quality at the export and diversion locations.  The allowable Delta Wetlands
discharge flow could then be calculated; the flow would be restricted to preclude Delta Wetlands discharge
from causing salinity and DOC concentrations to exceed the allowable increases established by the SWRCB
in water right terms and conditions.  For example, if the monthly maximum increase in DOC concentration
were established as 0.8 mg/l (corresponding to 20% of the average export DOC value, which was used as
the significance criterion) and if the measured Delta Wetlands DOC concentration were 8 mg/l greater than
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the export DOC concentration, then the Delta Wetlands Project discharge would be limited to 10% of the
export pumping (including Delta Wetlands discharge).  Such suggested permit conditions would be used to
prevent Delta Wetlands Project operations from exceeding acceptable increases in DOC or Cl- concentrations
based on the averaging period (e.g., monthly, annual) adopted by the lead agencies for each variable.

For salinity increases, the 1995 WQCP objectives are generally expressed as monthly average values.
The allowable salinity increases from the Delta Wetlands Project could be specified as similar monthly
average values, which might be different in each month at each location.  An annual limit on the salinity
increase resulting from Delta Wetlands discharges might also be specified.  Some method for tracking
salinity credits from Delta Wetlands operations (i.e., credits for Delta Wetlands discharge salinity being
lower than export salinity) might also be allowed.

For DOC, there is no applicable adopted standard, but setting a moving annual average for DOC
increases similar to that used for the EPA THM standards may be an appropriate condition for the Delta
Wetlands Project.  Alternately, the lead agencies could specify a set of monthly and/or annual acceptable
increases similar to those described above for salinity.  

Potential effects on water treatment costs for downstream water users caused by Delta Wetlands
operations are an economic issue outside the scope of this environmental analysis.  However, the SWRCB
may choose to establish a monitoring and compensation plan for these potential effects in the water right
terms and conditions.  A procedure for establishing Delta Wetlands’ contribution to increased water
treatment costs (e.g., for TOC removal) would need to be determined and agreed to by Delta Wetlands and
the water treatment operators.

The lead agencies would incorporate into the water right permit terms and conditions and the project
mitigation monitoring plan selected mitigation triggers for each water quality variable of concern.  These
triggers would consist of the suggested significance thresholds (or other adopted criteria) combined with
averaging periods deemed most appropriate for each respective water quality variable.  In this way, the lead
agencies could adopt mitigation measures other than those recommended in the 1995 DEIR/EIS and 2000
REIR/EIS and could address potential effects on beneficial uses and economic considerations that are beyond
the scope of this EIR/EIS.  

Cumulative Impacts

Cumulative water supply effects were evaluated using DeltaSOS simulations of the Delta Wetlands
Project, as described above, but under the assumption that SWP pumping is permitted at full capacity of
Banks Pumping Plant.  This scenario represents reasonably foreseeable future Delta conditions and
regulatory standards (refer to Chapter 3A).

As described in Chapter 3A, the proposed project would be operated in fewer years under cumulative
conditions than under existing conditions because of limited availability of water for Delta Wetlands
diversions.  However, because of greater assumed export pumping capacity at Banks Pumping Plant,
simulated Delta Wetlands export volumes under cumulative conditions were greater in several of the years
than under existing conditions.  The average annual simulated Delta Wetlands diversion under cumulative
future conditions was 169 TAF/yr, with discharges for export of 147 TAF/yr.  These simulated operations
are not limited by south-of-Delta delivery deficits and represent the greatest possible DOC-loading impacts
at export and diversion locations.  Because DOC loads are proportional to the period of storage, loads under
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cumulative conditions could be somewhat less than for the proposed project, even if simulated exports are
slightly higher.

Changes in water quality conditions (levels of EC, Cl-, DOC, and THM) between the cumulative
future no-project conditions and the cumulative with-project conditions would be similar to the changes
simulated between no-project and proposed project conditions described above.  Results of the revised
analyses indicate that Delta Wetlands discharges to export under the proposed project would be less than
previously reported for the 1995 DEIR/EIS (refer to Chapter 3A).  Consequently, impacts on most water
quality constituents would be reduced.  Similarly, water quality impacts under cumulative conditions would
be less than those presented in the 1995 DEIR/EIS analysis for cumulative conditions.  However, there
remains the likelihood that project operations under future cumulative conditions could exceed applicable
significance criteria and would therefore require mitigation.

The significance conclusions about the cumulative impacts of the project on water quality
concentrations are the same as described in the 1995 DEIR/EIS, and mitigation measures are recommended
(see Table 3C-32).

Impact Evaluation of Project Alternatives from the 1995 Draft EIR/EIS

As described in Chapter 2, project operations under Alternative 1 in the 1995 DEIR/EIS were
assumed to be the same as project operations under Alternative 2, except that discharges to export were
assumed to be more restricted (i.e., by strict interpretation of the E/I ratio, the maximum allowed exports as
a percentage of inflow).  As shown in the 1995 DEIR/EIS analysis and described in Chapter 3 of the 2000
REIR/EIS, operations under Alternative 1 provide fewer opportunities for Delta Wetlands discharges to
export than Alternative 2 operations.  Changes in simulated Alternative 1 project operations between the
1995 DEIR/EIS analysis and the 2000 REIR/EIS analysis are similar in magnitude and direction to the
changes described above for the proposed project (i.e., Alternative 2).  Therefore, Delta Wetlands discharges
to exports under Alternative 1 would be less than previously reported in the 1995 DEIR/EIS.  The resulting
impacts of Alternative 1 on salinity, DOC levels, and potential formation of THMs are less than those
estimated for Alternative 1 in the 1995 DEIR/EIS, but remain significant.

Alternative 3, the four-reservoir-island alternative, has not changed since the 1995 DEIR/EIS was
published.  The FOC and biological opinion terms were developed for the two-reservoir-island operations
represented by Alternative 2 in the 1995 DEIR/EIS and are not applicable to a four-reservoir-island
alternative.  New simulations of Alternative 3, which are based on the Delta water budget developed from
DWRSIM study 771 and include AFRP actions, result in minor changes in project diversion, storage, and
discharge operations.  There are no changes to the conclusions of the environmental impact analysis
presented in the 1995 DEIR/EIS for Alternative 3.
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sources of TOC”.  Hearing dates July 8–August 2,
1997.

Losee, Richard, and K. T. Shum, representing
California Urban Water Agencies, Sacramento,
CA.  CUWA Exhibit 14:  Rebuttal statement of
Richard F. Losee and K. T. Shum before the State
Water Resources Control Board, State of
California, in the water rights hearing for the Delta
Wetlands Project on behalf of the California Urban
Water Agencies on “Additional uncertainties in the
estimates of TOC”.  Hearing dates July 8–August
2, 1997.

Shum, K. T., representing Contra Costa Water District,
Concord, CA.  CCWD Exhibit 10:  Rebuttal
testimony of K. T. Shum before the State Water
Resources Control Board, State of California, in
the water rights hearing for the Delta Wetlands
Project on behalf of the Contra Costa Water
District, on “Potential impacts of the Delta
Wetlands Project on total organic carbon
concentration at Contra Costa Water District's
intakes”.  Hearing dates July 8–August 2, 1997.



Table 3C-1.  Important Delta Water Quality Variables and Characteristics
Page 1 of 2

Variable Unit Characteristic

Physical habitat parameters

Flow cfs Governs dilution, transport, and mixing; both tidal flow
and flow from inflows and pumping may be significant

Temperature oF Governs biochemical rates and regulates biological
production; determines dissolved oxygen saturation
concentration

Suspended sediments (SS) mg/l Sediments or other particulates that adsorb chemicals and
block light transmission through water

Dissolved oxygen (DO) mg/l Dissolved oxygen concentration in water; available to
supply oxidation and respiration requirements

pH standard
unit

Measure of acidity or alkalinity of water

Electrical conductivity (EC) FS/cm Measure of dissolved anions and cations; conservative
variable, easily measured with monitors

Dissolved minerals

Salinity ppt Measure of salt content of water (measured in ppt)

Total dissolved solids (TDS) mg/l Measure of total dissolved materials

Chloride (Cl-) mg/l Dominant anion; important to agricultural soil condition;
1995 WQCP water supply objective

Bromide (Br-) mg/l Trace anion; important for trihalomethane (THM)
production

Cl-/EC ratio mg/l/FS/cm Ratio of chloride (mg/l) to EC (FS/cm); helps to identify
the source of the water

Nutrient and organic constituents

Dissolved organic carbon (DOC) mg/l Measure of dissolved organic content

Trihalomethanes (THMs) Fg/l Disinfection byproducts (DBPs) formed during the
chlorination of water for municipal use

Trihalomethane formation
potential (THMFP) is chlorinated

Fg/l Measure of potential formation of THMs when water

C-THM Fg/l Carbon-fraction concentrations of THM compounds

Cl-THM Fg/l Chlorine-fraction concentrations of THM compounds

Br-THM Fg/l Bromine-fraction concentrations of THM compounds

UVA 1/cm Ultraviolet light (254-nm wavelength) absorption of
water; has been found to be directly related to the DOC
content



Table 3C-1.  Continued
Page 2 of 2

Variable Unit Characteristic

Color standard
unit

Measure of dissolved organics expressed in color
absorbance units

Chlorophyll Fg/l Measure of algal pigment indicating algal biomass

Nitrate (NO3
-) mg/l Major nitrogen nutrient essential for plant growth

Phosphate (PO4
3-) mg/l Major phosphorus nutrient essential for plant growth

Contaminants

Pesticides Fg/l Agricultural pest control residues with potential toxicity

Herbicides Fg/l Agricultural vegetation control residues with potential
toxicity

Trace metals Fg/l Industrial residues with potential toxicity



Table 3C-2.  Summary of 1995 Draft EIR/EIS Assessment of Delta Wetlands Project Impacts on Water Quality

I. Water quality effects on EC, Cl-, Br-, and DOC are directly linked with the assumed water budget on Delta
islands (estimated in DeltaDWQ) and Delta channel flows (estimated in DeltaSOS).  DOC effects also
depend on the assumed sources of DOC resulting from agricultural drainage and DW habitat or reservoir
island operations (estimated in DeltaDWQ).  THM concentrations in treated drinking water were simulated
with the EPA WTP model.

II. EC, Cl-, and Br- effects are governed by:

# inflows (Sacramento and San Joaquin Rivers),
# seawater intrusion (governed by Delta outflow),
# Delta exports and channel flows, and
# Delta island drainage and evapotranspiration (ET).

III.  DOC effects are governed by:

# inflows,
# Delta channel processes (vegetation and sediments),
# Delta exports and channel flows, and
# Delta island drainage (sources).

IV. Changes in DOC sources can be comparatively described as a function of land use.  DOC sources on the
DW project islands may therefore change:

Habitat Reservoir
DOC Source Agriculture   Islands     Islands   

Peat soil oxidation f(Temp, O2) reduced source reduced source
Peat soil leaching f(water flow) reduced source reduced source
Vegetation residue (biomass) reduced source reduced source

V.  THM effects are governed by:

# Delta export DOC and Br- concentrations and
# Water treatment processes (temperature or chlorination dose).

VI. DW project operations will change Delta water quality variables by reducing outflow during diversion
periods and by discharging water that may have elevated salinity or DOC concentrations.  Reducing
agricultural diversions onto the DW islands may reduce salinity and reduce the contribution of DOC from
agricultural drainage.



Table 3C-3.  Preliminary Model Calibration and Confirmation Tasks and Summary of Preliminary Analyses
for the Assessment of Impacts of the Delta Wetlands Project on Water Quality

Data Model Analysis Results

Historical Delta inflows and
exports for 1972, 1976, and 1978

RMA Delta water quality model Calibration with daily EC measure-
ments at 19 Delta locations

Smith and Durbin (1989)

Historical 1968-1991 data on Delta
EC and CCWD Cl- concentrations

RMA Delta water quality model and
DeltaDWQ model

Confirmation of simulated historical
EC patterns

Appendix B2 of the 1995 DEIR/EIS

Historical 1982-1991 MWQI
measurements of channel and
drainage samples

DeltaDWQ model Simulation of Delta agricultural
drainage (flow, EC, DOC) and
export water quality (EC, Cl-, Br-,
DOC) for the No-Project Alternative

Appendices C1, C2, and C4 of the
1995 DEIR/EIS

DW demonstration wetlands water
quality experiments

DeltaDWQ model Comparison of source loading of
DOC from agricultural drainage and
wetlands

Appendix C3 of the 1995 DEIR/EIS

THM measurements from
Penitencia Water Treatment Plant

EPA WTP model Confirmation of simulated THM
concentrations

Appendix C5 of the 1995 DEIR/EIS



Table 3C-4.  Modeling Tasks for Assessment of Impacts of the Delta Wetlands Project on Water Quality

Data Model Analysis Results

DeltaSOS-simulated flows for the
No-Project Alternative and the
DW project alternatives

DeltaDWQ model Simulation of water quality impacts
(EC, Cl-, Br-, DOC) of the DW
project alternatives

Chapter 3C, Appendix B2, and
Appendix C4 of the 1995 DEIR/EIS

DeltaDWQ-simulated export water
quality for the No-Project

Alternative and the DW project
alternatives

EPA WTP model Simulation of treated drinking water
THM concentrations

Chapter 3C and Appendix C5 of the
1995 DEIR/EIS



Table 3C-5.  Water Quality Response Variables and Significance Criteria for Impact Assessments

Variable
Impact Assessment

Method
Significance
Threshold

Location of
Assessment

Electrical conductivity RMA Delta model results for 1967-1991
incorporated in DeltaDWQ model

a. Increase of 20% of applicable
standards
or

b. 90% of applicable standard

Chipps Island, Emmaton, Jersey Point,
and  representative exports (CCWD,
SWP, and CVP)

Chloride RMA Delta model results for 1967-1991
incorporated in DeltaDWQ model

a. Increase of 20% of applicable
standards
or

b. 90% of applicable standard

Representative exports

Bromide RMA Delta model results for 1967-1991
incorporated in DeltaDWQ model

Increase of 20% equivalent of Cl-

standards
Representative exports

Dissolved organic carbon DeltaDWQ model Increase of 0.8 mg/l (or 20% of mean
value)

Representative exports

Trihalomethanes EPA WTP modeling a. Increase of 20% of standard (20 Fg/l)
or

b. 90% of applicable standard (90 Fg/l)

Treated water from representative exports

Temperature Evaluation of historical Delta field dataa Increase of 1oF, when channel temperature
exceeds 60oF

Delta channel waters receiving DW
discharges

Suspended sediments Evaluation of historical Delta field dataa Increase of 20% of mean channel
concentration

Delta channel waters receiving DW
discharges

Dissolved oxygen Evaluation of historical Delta field dataa Decrease of 20% of mean channel
concentration

Delta channel waters receiving DW
discharges

Chlorophyll Evaluation of historical Delta field dataa Increase of 20% of mean channel
concentration

Delta channel waters receiving DW
discharges

Pollutant contaminants Survey of DW project islands for
contaminant sites

Presence of significant contamination
from  waste disposal or agricultural
operations

Specific contaminated sites on DW
project islands

__________

a  Source:  DWR 1989.









Table 3C-9  Summary of Average DWR MWQI Data on Water Quality at Delta Channel and Export Locations

Drainage EC Cl¯ DOC Cl¯:EC Br¯:Cl¯ C-THM C-THM:DOC UVA:DOC
Location Samples (#) (µS/cm) (mg/l) (mg/l) Ratio Ratio (µg/l) Ratio Ratio

Sacramento River - 164 AVG 159 6.8 2.3 0.041 0.0032 28 0.0116 0.0275
Greene's Landing MIN 70 1.0 1.3 0.009 0.0010 7 0.0039 0.0070

MAX 253 19.0 5.5 0.080 0.0267 122 0.0358 0.0538

San Joaquin River - 162 AVG 647 86.0 3.7 0.124 0.0030 47 0.0125 0.0277
Vernalis MIN 117 7.0 1.4 0.055 0.0002 21 0.0051 0.0160

MAX 1320 183.0 11.4 0.161 0.0056 160 0.0226 0.0394

SWP Banks Pumping Plant 172 AVG 439 69.8 3.8 0.143 0.0031 52 0.0134 0.0333
MIN 143 14.0 1.6 0.083 0.0021 12 0.0043 0.0277
MAX 877 185.0 10.5 0.225 0.0041 204 0.0272 0.0474

CVP Tracy Pumping Plant 172 AVG 490 72.4 3.8 0.138 0.0030 50 0.0135 0.0317
MIN 151 12.0 1.9 0.077 0.0021 19 0.0057 0.0200
MAX 1150 181.0 11.0 0.217 0.0052 154 0.0251 0.0463

CCWD Rock Slough 175 AVG 514 93.7 3.6 0.154 0.0030 51 0.0145 0.0326
MIN 146 9.0 1.1 0.056 0.0019 24 0.0070 0.0242
MAX 1250 303.0 9.1 0.254 0.0044 735 0.1008 0.0426

Sources: 1995 DEIR/EIS and California Department of Water Resources 1999a.



Table 3C-10.  Summary of Average DWR MWQI Data on Water Quality of Delta Island Drainage

Drainage Sampling Grab EC Cl¯ Br¯ Cl¯:EC Br¯:Cl¯
Location Dates Samples (#) (µS/cm) (mg/l) (mg/l) Ratio Ratio

Bacon Island JAN '90 - AUG '99 111 AVG 589 102 0.24 0.17 0.0029
MIN 200 18 0.05 0.04 0.0005
MAX 1280 211 0.70 0.42 0.0045

Bouldin Island MAR '87 - JUL '94 121 AVG 426 32 0.19 0.07 0.0061
MIN 137 8 0.02 0.04 0.0025
MAX 1300 94 0.56 0.13 0.0150

Holland Tract JAN '90 - JUL '94 87 AVG 1177 211 0.65 0.18 0.0032
MIN 559 64 0.18 0.11 0.0020
MAX 2870 542 1.18 0.22 0.0052

Webb Tract JAN '90 - APR '93 33 AVG 1143 183 0.61 0.16 0.0037
MIN 568 97 0.41 0.11 0.0017
MAX 2530 378 0.90 0.23 0.0065

Twitchell Island JAN '94 - JAN '98 476 AVG 937 174 0.45 0.18 0.0028
MIN 337 49 0.15 0.14 0.0008
MAX 1980 328 0.72 0.24 0.0050

Drainage Sampling Grab DOC UVA C-THM TTHMFP
Location Dates Samples (#) (mg/l) (1/cm) (µg/l) (µg/l)

Bacon Island JAN '90 - AUG '99 111 AVG 11.4 0.52 129 1236
MIN 3.4 0.15 18 178
MAX 29.5 1.27 333 3080

Bouldin Island MAR '87 - JUL '94 121 AVG 33.7 1.41 271 2511
MIN 3.5 0.13 45 415
MAX 96.0 3.48 691 6350

Holland Tract JAN '90 - JUL '94 87 AVG 18.2 0.83 207 2044
MIN 5.8 0.34 77 814
MAX 37.0 1.55 549 6165

Webb Tract JAN '90 - APR '93 33 AVG 29.7 1.32 258 2487
MIN 10.0 0.47 102 1075
MAX 57.0 2.54 483 4551

Twitchell Island JAN '94 - JAN '98 476 AVG 20.1 0.93 213 2041
MIN 1.1 0.13 33 360
MAX 58.9 2.62 519 4840

Sources: 1995 DEIR/EIS and California Department of Water Resources 1999a.



Table 3C-11.  Results of SMARTS 1 Flooded Peat Soil DOC and Salt (EC) Load Experiments
Initial

Surface Water
TANK Peat Water Water Surface Water DOC (mg/l) Load

Depth Depth DOC Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12 of DOC
(feet) (feet) (mg/l) (g/m²)

1 static 1.5 2.0 1 8 11 15 20 23 25 30 32 35 39 40 40 24
2 flushing 1.5 2.0 1 10 10 11 10 9 8 7 8 7 5 4 4 55
3 static 4.0 2.0 1 23 31 43 59 73 83 99 114 135 108 92 88 53
4 flushing 4.0 2.0 1 18 15 19 18 15 12 14 11 9 8 6 7 92
5 static 4.0 7.0 1 6 8 10 13 16 18 20 19 24 26 27 26 54
6 flushing 1.5 7.0 1 8 5 4 5 4 3 3 3 3 3 2 2 143
7 static 1.5 7.0 1 5 6 7 9 11 11 12 14 15 17 19 16 32
8 flushing 4.0 7.0 1 4 3 2 2 2 2 2 2 2 2 2 2 90
9 control 0.0 11.0 1 2 2 1 2 2 2 2 2 2 2 3 2 4

Water Supply 1 1 1 1 1 1 1 1 1

TANK Peat Water DOC (mg/l)
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12

1 static 158 287 58 74
2 flushing 205 301 301 279
3 static 222 273 283 270
4 flushing 145 282 324 301
5 static 143 271 323
6 flushing 226 338 339 341
7 static 155 336 386 341
8 flushing 208 341 374 358

Initial Water
TANK Peat Water Surface Surface Water EC (µS/cm) Load

Depth Depth Water EC Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12 of Salt
(feet) (feet) (µS/cm) (g/m²)

1 static 1.5 2.0 135 148 160 167 178 193 204 216 220 236 245 248 256 49
2 flushing 1.5 2.0 135 153 158 160 159 163 165 173 175 179 174 161 152 96
3 static 4.0 2.0 135 157 190 228 228 267 304 203 383 483 532 340 354 89
4 flushing 4.0 2.0 135 180 188 188 188 193 185 208 187 206 201 167 171 214
5 static 4.0 7.0 135 138 149 160 167 180 185 193 212 218 225 229 226 130
6 flushing 1.5 7.0 135 135 135 156 158 155 150 153 164 159 174 177 148 272
7 static 1.5 7.0 135 136 136 146 147 152 152 157 168 169 174 177 177 60
8 flushing 4.0 7.0 135 142 147 154 156 155 152 154 163 160 172 165 154 294
9 control 0.0 11.0 135 135 137 140 141 145 144 146 150 151 150 154 153 40

Water Supply 135 135 135 135 135 135 135 158 158 150 182 134 145

TANK Peat Water EC (µS/cm)
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12

1 static 842 1017 345 395
2 flushing 986 1044 1138 1141
3 static 1480 1094 1181 1226
4 flushing 2060 1434 1388 1446
5 static 1931 2000 1852
6 flushing 1830 1516 1535 1830
7 static 1890 1762 1637 1590
8 flushing 2140 1730 1765 1563



Table 3C-12.  Results of SMARTS 2 Flooded Peat Soil DOC and Salt (EC) Load Experiments

Water
TANK Surface Water DOC (mg/l) Load

Peat Water Initial Week 1 Week 3 Week 5 Week 7 Week 9 Week 11 Week 13 Week 15 Week 17 Week 19 Week 21 Week 23 Week 25 Week 27 of DOC
Depth Depth Jan 21 Feb 3 Feb 18 Mar 4 Mar 17 Mar 31 Apr 13 Apr 28 May 12 May 26 Jun 9 Jun 23 Jul 7 Jul 21 (g/m²)
(feet) (feet)

1 static 1.5 2.0 1.3 10.7 16.0 19.7 23.0 28.0 33.4 39.3 51.8 65.2 76.9 88.3 99.6 106.5 121 73
2 flushing 1.5 2.0 1.3 16.8 9.6 4.5 4.6 5.4 5.6 4.2 6.6 12 9.9 7.4 7.3 8.05 5 65
3 static 4.0 2.0 1.3 8.6 10.7 13.4 16.8 27.2 39.4 45.1 66.1 88.7 109.0 134.0 146.0 170.1 200 121
4 flushing 4.0 2.0 1.3 11.3 4.7 3.5 4.2 4.4 4.8 4.6 7.5 13.6 11.1 8.2 8.3 8.28 7 62
5 static 4.0 7.0 1.3 1.9 2.3 2.5 2.9 3.5 4.0 4.3 5.4 6 6.9 7.6 8.9 10.3 12.2 23
6 flushing 1.5 7.0 1.3 1.8 1.4 1.2 1.0 1.0 1.3 1.0 1.2 1.2 1.4 1.3 1.4 1.39 1.4 38
7 static 1.5 7.0 1.3 2.2 4.8 3.6 3.8 5.0 6.3 6.9 10.3 13.0 15.7 17.2 18.6 19.54 20.8 42
8 flushing 4.0 7.0 1.3 2.8 1.8 1.4 1.6 1.4 1.7 1.5 2.8 2.7 3.5 3.2 4.0 3.66 3.3 75
9 control 0.0 11.0 1.3 1.1 1.3 1.3 1.1 1.1 1.1 1.0 1.0 1.2 1.1 1.0 1.2 1.07 1.3 0

Water Supply 1.3 1.1 1.0 0.9 0.8 1.0 0.8 0.8 0.9 0.8 1.0 1.1 1.1 0.9

Peat Water DOC (mg/l)
TANK Initial Week 1 Week 3 Week 5 Week 7 Week 9 Week 11 Week 13 Week 15 Week 17 Week 19 Week 21 Week 23 Week 25 Week 27

1 static 82.1 126 233 441.7 561 600 544 590
2 flushing 96 109 214 295.6 426 429 413 392
3 static 85.5 114 161 229.5 342 381 380 374
4 flushing 94.6 118 170 259.8 416 453 411 368
5 static 14.1 16.7 21.1 28.2 35.1 42.2 45.3 46.8
6 flushing 11.3 16.7 20 26.6 29.7 35.6 36.4 40.1
7 static 27.5 32.4 45.6 47.0 52.8 54.2 55.8 57.8
8 flushing 27.9 33.6 47.1 63.0 83.5 97.4 106.0 99.5

Water
TANK Peat Water Surface Water EC (µS/cm) Load

Depth Depth Initial Week 1 Week 3 Week 5 Week 7 Week 9 Week 11 Week 13 Week 15 Week 17 Week 19 Week 21 Week 23 Week 25 Week 27 of Salt
(feet) (feet) (g/m²)

1 static 1.5 2.0 116 312 244 386 411 432 461 465 428 574 632 664 717 780 851 300
2 flushing 1.5 2.0 116 483 276 166 166 167 186 142 145 206 219 211 209 177 162 335
3 static 4.0 2.0 116 248 276 302 348 424 500 410 563 825 1029 1177 1378 1513 1597 605
4 flushing 4.0 2.0 116 621 187 172 175 178 198 149 203 249 251 232 234 195 192 466
5 static 4.0 7.0 116 177 182 186 191 191 199 195 171 222 236 243 253 254 260 206
6 flushing 1.5 7.0 116 170 148 139 142 143 163 127 119 152 179 181 177 139 146 43
7 static 1.5 7.0 116 184 188 191 193 195 204 157 206 222 234 238 246 246 251 193
8 flushing 4.0 7.0 116 194 152 142 145 146 166 161 124 159 187 185 180 144 150 202
9 control 0.0 11.0 116 170 173 172 171 170 129 133 143 175 180 182 185 183 185 155

Water Supply 116 154 141 142 152 170 151 122 147 161 176 165 149 149

Peat Water EC (µS/cm)
TANK Initial Week 1 Week 3 Week 5 Week 7 Week 9 Week 11 Week 13 Week 15 Week 17 Week 19 Week 21 Week 23 Week 25 Week 27

1 static 3640 3960 2730 3770 3159 3310 3260 3260
2 flushing 3740 3680 2430 2110 2383 2620 2530 2320
3 static 4000 4450 3400 3100 3115 3310 3140 3010
4 flushing 4800 4790 3290 3130 3280 3360 3300 2880
5 static 708 797 761 790 550 676 714 663
6 flushing 578 604 619 635 454.8 673 658 675
7 static 936 985 915 924 702 990 1021 1021
8 flushing 1232 1321 1308 1250 998 1265 1291 1249



Table 3C-13.  Comparative Estimates of DOC Loading Rates (g/m2/yr) 
 Page 1 of 2 

Source Estimates 
Vegetation 

Residue 
Primary 

Production Peat Soil 
Total DOC 

Load Notes 
Existing Agricultural Drainage Conditions      

Bacon Island    9.3 a 
Webb Tract    10.4 b 
Bouldin Island    22.4 c 
Holland Tract    2.5 d 
Twitchell Island    10 e 
Twitchell Island, flow weighted    19 e 
DeltaDWQ Model for Agricultural 
   Conditions (1995 DEIR/EIS) 

   12 f 

MWQI-CR#2    8 g 
Seasonal Wetland and Flooded Island 
Conditions (1995 DEIR/EIS) 

     

Wetland Demonstration    7-17 h 
Vegetation Decay Experiment 5.4-7.5    i 
Flooded Wetland Demonstration    21 j 
Tyler Island Flooding    30-36 k 
DeltaDWQ Model for Seasonal Wetlands    12 l 
DeltaDWQ Model for Flooded Islands    14-20 m 

SMARTS Experiments Peat Soil Flooding 
Conditions 

     

SMARTS 1—1.5 feet of peat (tanks 1 and 7)    24-32 n 
SMARTS 1—4.0 feet of peat (tanks 3 and 5)    53-54 n 
SMARTS 1—control (tank 9)  4   o 
SMARTS 2—1.5 feet of peat (tanks 1 and 7)    42-73 p 
SMARTS 2—4.0 feet of peat (tanks 3 and 5)    23-121 p 

Water Right Hearing Testimony on  
Delta Wetlands Project Conditions 

     

Stuart Krasner, 8 mg/l DOC discharge    30 q 
Stuart Krasner, 16 mg/l DOC discharge    78 q 
Stuart Krasner, 32 mg/l DOC discharge    174 q 
Richard Losee, algal biomass and peat soil  50-1,250 1,830  r 
Richard Losee and K.T. Shum, groundwater 
   seepage control pumping 

   9.2-18.4 s 

K.T. Shum, molecular diffusion   16-160  t 
Michael Kavanaugh, reservoir islands    3.5-12.7 u 
Michael Kavanaugh, habitat islands    3.7-20.6 u 

              __________________ 
   

To obtain lb/acre, multiply g/m2 value by 8.9. 



Table 3C-13.  Continued 
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Notes: 
    

a. Calculated based on mean drainage depth of 1.73 m and mean excess DOC concentration of 5.4 mg/l.  Source:  2000 REIR/EIS, Appendix G. 
b. Calculated based on mean drainage depth of 0.5 m and mean excess DOC concentration of 20.7 mg/l.  Source: 2000 REIR/EIS, Appendix G. 
c. Calculated based on mean drainage depth of 0.83 m and mean excess DOC concentration of 27.1 mg/l.  Source: 2000 REIR/EIS, Appendix G. 
d. Calculated based on mean drainage depth of 0.4 m and mean excess DOC concentration of 6.2 mg/l.  Source: 2000 REIR/EIS, Appendix G. 
e. Calculated based on metered drainage volume from Twitchell Island in 1995 (11,232 af), Twitchell Island acreage of 3,580 acres, and mean DOC drainage concentration of 22.6 mg/l 

(n=231).  Applied water DOC concentration assumed to be 3 mg/l (Sacramento River source).  Flow-weighted average estimated from weekly flow-weighted DOC measurements from 1995.  
Sources:  USGS 97-350; DWR’s “Estimation of Delta Island Diversion and Return Flows”, February 1995; MWQI. 

f. DeltaDWQ assumed an agricultural drainage DOC loading for Delta lowlands of 12 g/m2 per year, or 1 g/m2 per month for 12 months.  Source: 1995 DEIR/EIS, Appendix C4. 
g. Loadings calculated from data presented in “Candidate Delta Regions for Treatment to Reduce Organic Carbon Loads, MWQI-CR#2” (Marvin Jung Associates in association with Limit to 

Infinity Enterprises, January 1999).  Calculations based on DOC concentrations and volumes of drainage water presented in MWQI-CR#2 converted to mass loadings per square meter for an 
assumed 420,000-acre Delta lowland area.  Loading factor does not account for initial DOC concentration of applied water. 

h. Based on measurements of Holland Tract demonstration wetland.  Source:  1995 DEIR/EIS, Appendix C3. 
i. Based on bench-scale vegetation decay experiments utilizing Holland Tract demonstration wetland vegetation.  Source:  1995 DEIR/EIS, Appendix C3. 
j. Source:  1995 DEIR/EIS, Appendix C3. 
k. DWR sponsored flooding of Tyler Island for a period of 1 month.  Depth of stored water estimated based on acre-feet stored divided by Tyler Island acreage.  Estimated depth multiplied by 

DOC concentration of discharge water provided for estimated DOC loading.  Source:  1995 DEIR/EIS, Appendix C3. 
l. DeltaDWQ assumed habitat island operation would provide a total of 12 g/m2 per year of DOC between the months of October and March, or 1 g/m2 per month for the months of October, 

February, and March and 3 g/m2 per month for the months of November through January. 
m. DeltaDWQ assumed wetland vegetation decay would provide a maximum of 8 g/m2 per year of DOC if the islands were dry from May through August, based on wetland vegetation decay 

experiments.  Dry reservoir islands were assumed to provide a total of 12 g/m2 per year of DOC, or 1 g/m2 per month for dry-period months.  For periods when islands were flooded, DOC 
loads were assumed to be 0.5 g/m2 per month for those months with flooded conditions to simulate lower DOC release conditions as suggested in flooded wetland/water storage experiments.  
Depending on monthly conditions, DeltaDWQ modeled a hydrologic year at a possible maximum load of 20 g/m2 per year (12 dry months with wetland vegetation decay) or a possible 
minimum load of 6 g/m2 per year (year-round wet period with no vegetation decay). 

n. Loading estimate calculated from data provided in “A Trial Experiment on Studying Short-Term Water Quality Changes in Flooded Peat Soil Environments” (Marvin Jung Associates in 
association with MWQI, July 1999).  Trial experiment used the top 2 feet of soil scraped from Twitchell Island agricultural fields with large clumps of vegetation and roots removed by hand. 

o. Primary production DOC load calculated from data provided in “A Trial Experiment on Studying Short-Term Water Quality Changes in Flooded Peat Soil Environments” (Marvin Jung 
Associates in association with MWQI, July 1999).  Primary production was measured in a control tank containing no peat. 

p. Loading estimate calculated from data provided in “First Progress Report on Experiment #2:  Seasonal Water Quality Changes in Flooded Peat Soil Environments Due to Peat Soil, Water 
Depth, and Water Exchange Rate” (Marvin Jung Associates, October 1999).  This is the second experiment using the SMARTS test facility, and is to continue for at least one year.  Data 
collected span January 21, 1999, through July 21, 1999. 

q. Estimates provided by Stuart Krasner for CUWA.  Krasner provides discussion of potential water quality effects based on assumed DOC discharge concentrations of 8 mg/l, 16 mg/l, and 32 
mg/l.  Source:  Krasner testimony 1997, page 28.  Loading factor in table was calculated by Jones & Stokes based on assumed reservoir depth of 6 m, minus an initial applied water DOC 
concentration of 3 mg/l. 

r. Estimates provided by Richard Losee for CUWA.  Algal biomass loading estimate was based on Cladophora production rates in a shallow MWD reservoir.  Source:  Losee testimony 1997, 
page 6.  Peat soil DOC contributions were estimated based on conversion of peat soil to DOC.  Testimony presented assumed DOC concentrations in 6-meter-deep storage reservoir water 
column of 300 mg/l.  Source:  Losee testimony 1997, page 11.  Loading factor in table calculated by Jones & Stokes based on assumed reservoir depth of 6 m. 

s. Estimates calculated based on rebuttal testimony provided by Richard Losee and K. T. Shum.  Groundwater seepage loading based on 8,100-af perimeter well pumping estimate for Bacon 
Island during a period of nine months.  Seepage water DOC concentration assumed to be 20-40 mg/l.  Source:  Losee and Shum testimony 1997, page 3. 

t. Estimates calculated based on rebuttal testimony provided by K. T. Shum.  Molecular diffusion DOC flux based on an assumed peat-soil pore-water DOC concentration of 70 mg/l (top 0.3 
m of peat soil) and water column DOC concentration of 40 mg/l (3.1 g/m2 per year) and a scenario in which the water column DOC concentration is 10 mg/l (6.2 g/m2 per year).  Loading 
value was estimated based on a 5- to 25-fold increase in DOC diffusion (misquoted from Kavanaugh testimony – Kavanaugh assumed 10-fold increase resulting in diffusion ranging from 5 
to 25 mg/m2 per day) as a result of external force, including advective currents, bioturbation, etc.  Source:  Shum testimony 1997, page 3. 

u. Estimates based on testimony from Michael Kavanaugh.  Source:  Kavanaugh testimony 1997, Table V. 



Table 3C-14.  Estimates of Dissolved Organic Carbon Loading
Using the DeltaSOQ Impact Analysis

Assumed DOC Loading 
Supporting Information

(g/m2/month) (g/m2/year)

Agricultural
Operations

1 12 MWQI agricultural drainage data for
the Delta Wetlands Islands

Twitchell Island drainage data

MWQI-CR#2 Delta region organic
carbon study

Wetland Habitat
Operations

1 12 Holland Tract wetland demonstration 

Vegetation decay experiment

MWQI agricultural drainage data

Long-Term Reservoir
Operations

1a 12 DeltaDWQ Model—1995 DEIR/EIS

Tyler Island flooding 

Holland Tract flooded wetland
demonstration

Initial-Fill Reservoir
Operations

4a 48 SMARTS 1 static tanks 1, 3, 5, and 7

SMARTS 2 static tanks 5 and 7

High Initial-Fill
Reservoir Operations

9a 108 SMARTS 2 static tanks 1 and 3

____________
a For the impact analysis, the agricultural DOC loading estimate (1 g/m2/month) is assumed

under both no-project and with-project conditions.  Therefore, the reservoir operation DOC
loading assumptions are added to the agricultural loading (i.e., Total monthly reservoir
operations DOC loading = Reservoir operations loading + agricultural operations loading).



Table 3C-15.  Water Quality Impact Assessment Variables and Significance Criteria
Page 1 of 2

Variable Significance Threshold Location of Assessment
Discussion of Criteria and Changes

Since the 1995 DEIR/EIS

Electrical conductivity
and chloride

a.  Increase of 20% of applicable
standards or

b.  90% of applicable standard

Chipps Island, Emmaton, Jersey Point,
and representative export location
(CCWD, SWP, and CVP) for EC;
representative export location for Cl-a

The 1995 WQCP objectives for EC and
Cl- have not changed since the 1995
DEIR/EIS was published.  These
objectives only apply in some months
and at some locations.  Therefore,
significance criteria for EC and Cl- are
different for each month at each Delta
location.  For example, the applicable
objectives for Cl- are either 150 mg/l or
250 mg/l at the export locations.  The
same criteria used in the 1995 DEIR/EIS
are used in the REIR/EIS analysis.

Bromide Increase of 20% equivalent of Cl-

standards, using the Br-:Cl- ratio
Representative export locationa There are no numerical standards for

Br-.  Because the ratio of Br- to Cl- is
relatively uniform (0.0035) in the Delta,
a change of 0.1 mg/1 Br- (equivalent to
about 28 mg/l Cl- or 20% of the most
restrictive Cl- objective of 150 mg/l) is
used as the 20% significance criterion. 
The same criteria used in the 1995
DEIR/EIS are used in the REIR/EIS
analysis.

Dissolved organic carbon Increase of 0.8 mg/l (or 20% of mean
value)

Representative export locationa There are no numerical standards for
DOC.  Increases in export DOC of more
than 20% of the mean DOC
concentration (5 mg/l), or about 1 mg/l,
are considered to be significant water
quality impacts.  This criterion is the
same as that used in the 1995 DEIR/EIS.



Table 3C-15.  Continued
Page 2 of 2

Variable Significance Threshold Location of Assessment
Discussion of Criteria and Changes

Since the 1995 DEIR/EIS

Trihalomethanes a.  Increase of 20% of standard (16 Fg/l)
or

b.  90% of applicable standard (72 Fg/l)

Treated water from representative export
locationa

The EPA standard for THM
concentrations in drinking water has
been revised from 100 Fg/l to 80 Fg/l
since preparation of the 1995 DEIR/EIS. 
For REIR/EIS analysis, the significance
criterion was lowered to exceedances of
72 Fg/l (90% of 80 Fg/l) or changes
greater than 16 Fg/l (20% of 80 Fg/l) to
reflect the new THM standard.

Notes:

a As described in the 1995 DEIR/EIS, a representative Delta export location was used for the impact assessment because the impact assessment methods cannot
reliably distinguish between water quality conditions of CVP exports at Tracy Pumping Plant, SWP exports at Banks Pumping Plant, and CCWD diversions at
Rock Slough or Old River.



Table 3C-16.  Simulated No-Project Chipps Island EC (µS/cm)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 11185 10558 4956 2361 153 161 202 150 175 2507 6878 9988 4131
1923 6886 5489 158 161 235 1459 226 731 2155 4589 7916 10086 3774
1924 10598 10248 10066 8453 3736 2193 5268 5419 5477 8337 10925 12295 8118
1925 9989 11172 9758 8084 150 182 253 767 2155 5794 9049 11279 5908
1926 11236 10585 10240 5175 164 1485 413 1656 5274 7203 9744 11649 6311
1927 11440 2976 4471 257 150 151 150 194 1865 3484 6224 9409 3406
1928 9118 3851 3947 509 231 150 179 673 3474 3990 6706 10070 3833
1929 10590 10244 9227 7617 3150 2098 3903 4702 5880 8528 11025 12351 7810
1930 9840 11093 8656 1509 1157 254 1249 2129 5281 7206 9745 11650 5797
1931 11441 10695 10298 8701 5986 6284 5530 5525 5514 8355 10934 12300 9469
1932 9972 11163 4057 2042 916 1693 1912 2028 2057 5745 9025 11266 4510
1933 11229 10581 10238 7652 5315 4173 2701 4246 5913 8544 11033 12355 8357
1934 9822 11083 10033 5031 1807 1871 2277 5456 5446 8323 10918 12291 7045
1935 10007 11181 11818 380 1534 310 151 177 1607 4353 7803 10630 4448
1936 10885 10399 10144 220 150 167 232 580 2266 4634 7937 10587 4501
1937 10862 10387 10138 6884 151 150 198 413 2049 4545 7895 10677 5551
1938 10910 1917 150 161 150 150 150 150 152 2350 6399 5618 2619
1939 2210 4114 1475 801 722 1409 2164 3623 5268 7200 9742 11648 4259
1940 11440 10695 10297 349 150 150 150 485 2730 3759 6759 10061 3915
1941 10585 10241 152 150 150 150 150 150 459 2864 5468 8338 3370
1942 3867 6203 150 150 150 163 150 152 259 2677 6336 8731 2963
1943 5188 2726 317 150 150 150 160 279 2715 3758 6194 9663 3056
1944 10258 10073 9761 2761 161 257 1529 2774 3047 6222 9259 11390 6123
1945 11297 8817 4910 5808 150 157 571 1003 1997 4523 7884 10672 4977
1946 10685 7582 150 150 228 365 1158 1257 2140 4583 7913 10686 4140
1947 10915 10345 5653 6370 1869 839 1635 3423 5526 7312 9771 11663 6771
1948 11448 10699 10300 7886 3148 1585 245 185 1120 4116 7682 9887 6295
1949 10495 10195 8863 7821 4103 153 1072 1697 2690 6049 9174 11345 6659
1950 11272 10605 10250 2753 176 595 458 1015 2075 4556 7900 9741 5254
1951 10419 152 150 150 150 161 747 683 2993 3844 6735 9394 3035
1952 10232 7437 152 150 150 150 150 150 152 1118 3460 2975 2451
1953 3197 3814 151 150 172 276 562 220 841 3083 6276 7948 2864
1954 6724 4257 5383 245 150 150 151 304 2990 3843 6734 10084 3974
1955 10597 7506 1086 610 1614 2226 2720 2357 3148 6268 9282 11402 5025
1956 11304 10621 150 150 150 151 238 152 594 2952 6305 7692 3263
1957 2376 6340 8160 4358 182 151 384 518 2127 3571 6813 9401 4239
1958 5341 6206 1403 163 150 150 150 150 154 2092 3410 3676 2208
1959 3184 6741 5122 163 150 322 2450 2026 5421 5817 8073 9869 4762
1960 10485 10190 10036 8210 431 752 1649 1814 4990 7080 9675 11612 6900
1961 11420 10202 6142 5134 261 982 2060 2350 5492 7298 9764 11660 6445
1962 11446 10698 7216 6994 150 277 1293 1628 3198 4997 8103 10785 5643
1963 221 3920 736 1500 150 198 150 166 1504 3356 6243 8576 2397
1964 9077 560 4255 416 1377 1791 3469 3337 5282 7206 9738 11645 5083
1965 11438 9506 150 150 157 404 151 246 2461 3675 6197 8855 3640
1966 9969 1646 2003 207 189 241 1583 1830 4862 5611 8119 10793 4135
1967 10972 5161 158 150 150 150 150 150 150 657 3891 3416 2001
1968 2874 6591 2372 174 150 154 938 2114 5492 5843 8068 10766 4298
1969 10958 10099 1310 150 150 150 150 150 158 2230 4973 1783 2903
1970 2723 2379 150 150 150 151 727 1402 4178 4199 6155 9790 3134
1971 10444 1573 150 150 214 150 309 174 1057 3180 6268 6089 2688
1972 7876 8903 2505 2023 642 203 1872 1972 4599 5515 8137 10802 5008
1973 10661 2648 658 150 150 150 312 717 1956 3514 6818 9007 3121
1974 8480 150 150 150 150 150 150 170 837 2466 3971 2961 1914
1975 4036 7050 4701 2043 150 150 177 178 354 2780 4709 4916 2955
1976 1788 5158 5653 4817 1239 1860 3605 4993 5479 8338 10926 12295 5472
1977 9969 11161 11807 10609 3128 5682 5395 5450 5488 8342 10928 12297 9747
1978 9990 11172 10156 150 150 150 150 195 1718 3433 6843 8763 3762
1979 7548 8749 9319 337 150 153 399 1090 1800 4439 7844 10651 4705
1980 10479 8829 2459 150 150 150 269 442 1881 3489 6838 8498 4463
1981 9424 9652 3021 194 194 180 590 1997 5448 7279 9781 11669 5704
1982 11451 167 150 150 150 150 150 150 260 1861 3748 1309 1541
1983 376 152 150 150 150 150 150 150 150 165 810 287 270
1984 251 150 150 150 151 154 495 845 2221 3602 6231 9271 2878
1985 9741 297 763 2969 723 584 1487 1944 5365 7242 9756 11655 4596
1986 11444 10697 5455 1047 150 150 178 415 2067 3552 6224 8316 4203
1987 9530 9705 9791 6288 819 254 1897 3954 5169 7157 9713 11632 6881
1988 11431 10690 6480 479 1689 1850 3987 5064 5511 8353 10934 12300 6298
1989 9972 11163 11808 10104 3785 158 301 1929 5415 7264 9766 10877 7412
1990 11018 10469 10180 4097 2111 3114 2614 4015 5458 8328 10920 12293 7414
1991 9988 11171 11812 10612 3150 218 917 3666 5610 8400 10958 12313 6911
1992 9939 11145 11798 10645 231 740 1927 3955 5535 8365 10940 12303 6055
1993 9973 11164 8668 150 150 154 151 165 323 2750 7000 9691 3615
1994 6665 8340 6189 4665 275 1597 3062 3748 5475 8336 10925 12295 6414

Average 8810 7538 5218 2767 854 769 1162 1646 3043 5055 7853 9629 4460



Table 3C-17.  Simulated No-Project Emmaton EC (µS/cm)
Flow  

Water Weighted  
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average  

1922 2673 2448 817 343 150 150 150 150 150 364 1293 2250 904
1923 1295 940 150 150 151 233 151 173 315 738 1588 2283 759
1924 2462 2339 2277 1751 568 320 888 923 937 1715 2579 3091 1757
1925 2250 2668 2172 1638 150 150 151 175 315 1013 1939 2708 1333
1926 2692 2457 2337 867 150 236 156 254 889 1383 2167 2845 1385
1927 2767 435 713 152 150 150 150 150 278 522 1121 2056 704
1928 1961 589 608 161 151 150 150 169 520 616 1247 2278 757
1929 2459 2338 1996 1501 464 307 599 762 1034 1774 2615 3113 1676
1930 2199 2639 1814 238 205 151 213 311 891 1384 2167 2845 1264
1931 2767 2496 2356 1828 1061 1136 949 948 946 1720 2582 3093 2127
1932 2244 2665 629 300 185 258 284 298 302 1001 1931 2703 915
1933 2689 2456 2336 1511 899 652 392 667 1042 1779 2618 3115 1825
1934 2193 2636 2265 834 271 279 331 932 930 1711 2576 3090 1513
1935 2256 2672 2909 155 241 153 150 150 249 688 1555 2473 1010
1936 2564 2392 2303 151 150 150 151 164 330 747 1595 2458 1028
1937 2556 2388 2301 1295 150 150 150 156 301 728 1582 2490 1232
1938 2574 285 150 150 150 150 150 150 150 341 1166 970 571
1939 322 640 235 177 172 228 316 547 888 1382 2167 2845 835
1940 2767 2496 2356 154 150 150 150 159 397 572 1261 2275 877
1941 2457 2337 150 150 150 150 150 150 158 418 935 1715 766
1942 592 1115 150 150 150 150 150 150 152 389 1149 1837 603
1943 870 396 153 150 150 150 150 152 394 572 1113 2140 605
1944 2343 2279 2173 401 150 152 241 403 447 1120 2006 2749 1317
1945 2714 1864 807 1016 150 150 164 192 295 724 1579 2488 1025
1946 2493 1490 150 150 151 155 205 214 313 736 1587 2493 899
1947 2575 2373 979 1158 279 180 252 511 948 1414 2176 2851 1436
1948 2770 2498 2357 1579 464 246 151 150 202 641 1519 2215 1349
1949 2425 2321 1879 1560 638 150 198 259 391 1076 1979 2732 1420
1950 2705 2464 2340 400 150 165 158 193 304 731 1584 2166 1127
1951 2399 150 150 150 150 150 174 170 438 588 1255 2051 673
1952 2334 1449 150 150 150 150 150 150 150 201 518 435 538
1953 472 582 150 150 150 152 163 151 180 453 1134 1598 547
1954 1252 669 915 151 150 150 150 153 438 588 1254 2283 770
1955 2462 1469 199 166 250 324 395 342 464 1132 2014 2753 1045
1956 2717 2470 150 150 150 150 151 150 165 432 1141 1523 736
1957 345 1150 1661 690 150 150 155 161 311 537 1276 2053 812
1958 905 1116 228 150 150 150 150 150 150 307 509 557 414
1959 470 1256 855 150 150 153 355 298 924 1019 1635 2209 928
1960 2422 2319 2266 1676 157 174 253 272 825 1349 2144 2831 1523
1961 2760 2323 1100 857 152 190 303 341 940 1409 2174 2849 1383
1962 2769 2497 1387 1325 150 152 217 251 472 827 1644 2528 1206
1963 151 602 173 238 150 150 150 150 238 499 1125 1789 478
1964 1947 163 669 157 225 270 519 496 891 1384 2165 2844 1069
1965 2767 2087 150 150 150 156 150 151 357 556 1114 1876 805
1966 2243 253 295 151 150 151 246 274 797 969 1649 2531 869
1967 2596 863 150 150 150 150 150 150 150 168 597 510 448
1968 419 1216 344 150 150 150 187 309 940 1025 1633 2522 860
1969 2591 2288 219 150 150 150 150 150 150 325 821 269 645
1970 396 345 150 150 150 150 172 228 653 657 1103 2182 609
1971 2408 245 150 150 151 150 153 150 196 469 1132 1086 564
1972 1576 1892 363 298 167 150 279 291 740 946 1654 2535 1007
1973 2484 384 168 150 150 150 153 172 289 527 1277 1925 667
1974 1759 150 150 150 150 150 150 150 180 357 612 433 405
1975 625 1340 762 300 150 150 150 150 154 404 763 809 528
1976 269 863 979 787 212 278 544 826 937 1715 2579 3092 1083
1977 2243 2665 2905 2466 460 986 917 930 939 1717 2580 3092 2243
1978 2250 2669 2308 150 150 150 150 150 261 513 1284 1847 841
1979 1481 1843 2026 154 150 150 156 199 271 706 1567 2481 1004
1980 2420 1868 357 150 150 150 152 158 280 523 1282 1764 936
1981 2060 2136 443 150 150 150 165 294 930 1404 2180 2853 1259
1982 2771 150 150 150 150 150 150 150 152 278 570 219 387
1983 155 150 150 150 150 150 150 150 150 150 178 152 154
1984 151 150 150 150 150 150 160 180 324 543 1123 2010 599
1985 2166 153 175 434 172 164 236 288 911 1394 2171 2847 998
1986 2768 2497 932 195 150 150 150 156 303 534 1121 1708 905
1987 2096 2154 2183 1137 178 151 282 609 865 1370 2157 2839 1478
1988 2764 2495 1187 159 258 277 615 842 945 1720 2582 3093 1368
1989 2244 2665 2905 2289 577 150 153 286 922 1400 2175 2562 1691
1990 2612 2416 2316 637 309 458 379 621 932 1712 2577 3090 1604
1991 2250 2668 2907 2467 464 151 185 555 968 1734 2591 3099 1657
1992 2233 2659 2901 2479 151 173 286 609 951 1724 2584 3095 1416
1993 2245 2665 1818 150 150 150 150 150 153 400 1327 2149 824
1994 1236 1716 1112 754 152 248 449 570 936 1715 2579 3091 1328

Average 1991 1657 1133 592 222 210 248 312 518 909 1629 2225 954



Table 3C-18.  Simulated No-Project Jersey Point EC (µS/cm)
Flow  

Water Weighted  
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average  

1922 2169 1988 684 304 150 150 150 150 150 321 1065 1830 753
1923 1066 782 150 150 151 217 151 168 282 620 1301 1857 637
1924 2000 1902 1851 1430 484 286 740 769 779 1402 2093 2503 1436
1925 1830 2165 1767 1341 150 150 151 170 282 841 1581 2196 1096
1926 2184 1996 1899 723 150 219 155 233 741 1136 1764 2306 1138
1927 2244 378 600 151 150 150 150 150 253 447 927 1675 593
1928 1599 501 516 158 151 150 150 165 446 523 1027 1852 635
1929 1997 1900 1627 1231 401 276 509 639 857 1449 2122 2520 1370
1930 1789 2142 1481 221 194 151 200 279 743 1137 1764 2306 1041
1931 2244 2027 1915 1492 878 939 789 789 787 1406 2096 2505 1731
1932 1825 2162 533 270 178 237 257 269 272 831 1575 2192 762
1933 2181 1995 1899 1239 749 552 344 563 864 1453 2124 2522 1490
1934 1785 2139 1842 697 247 253 295 776 774 1399 2091 2502 1240
1935 1835 2167 2357 154 223 152 150 150 229 581 1274 2008 838
1936 2082 1943 1873 151 150 150 151 161 294 628 1306 1996 853
1937 2075 1940 1871 1066 150 150 150 155 271 613 1296 2022 1015
1938 2089 258 150 150 150 150 150 150 150 303 963 806 486
1939 288 542 218 172 168 213 283 468 740 1136 1763 2306 698
1940 2244 2027 1915 153 150 150 150 158 347 488 1039 1850 731
1941 1996 1900 150 150 150 150 150 150 157 364 778 1402 643
1942 504 922 150 150 150 150 150 150 151 341 950 1500 512
1943 726 347 152 150 150 150 150 152 345 488 920 1742 514
1944 1904 1853 1768 351 150 151 222 353 388 926 1635 2229 1084
1945 2201 1522 676 843 150 150 161 184 266 609 1293 2020 850
1946 2024 1222 150 150 151 154 194 201 280 619 1300 2025 749
1947 2090 1929 813 957 253 174 232 439 789 1161 1771 2310 1179
1948 2246 2028 1916 1293 401 227 151 150 191 543 1246 1802 1109
1949 1970 1887 1533 1278 541 150 188 237 342 891 1613 2216 1166
1950 2194 2001 1902 350 150 162 157 184 274 615 1297 1763 931
1951 1949 150 150 150 150 150 169 166 380 500 1034 1670 568
1952 1897 1189 150 150 150 150 150 150 150 191 444 378 460
1953 408 496 150 150 150 152 160 151 174 392 937 1308 468
1954 1031 565 762 151 150 150 150 152 380 500 1034 1856 646
1955 1999 1205 189 163 230 289 346 304 401 936 1641 2232 866
1956 2203 2006 150 150 150 150 151 150 162 375 943 1248 619
1957 306 950 1359 582 150 150 154 159 279 460 1051 1672 679
1958 754 923 212 150 150 150 150 150 150 275 437 475 361
1959 406 1035 714 150 150 153 314 268 769 845 1338 1797 772
1960 1968 1885 1843 1371 156 169 233 248 690 1109 1745 2295 1249
1961 2238 1889 910 716 151 182 272 303 782 1158 1769 2309 1136
1962 2246 2028 1139 1090 150 152 204 231 408 691 1345 2053 995
1963 151 512 168 220 150 150 150 150 220 429 930 1461 413
1964 1588 160 565 155 210 246 445 427 743 1137 1762 2305 886
1965 2243 1700 150 150 150 155 150 151 315 475 921 1531 674
1966 1824 233 266 150 150 151 227 249 667 805 1349 2055 725
1967 2107 721 150 150 150 150 150 150 150 165 508 438 389
1968 365 1003 305 150 150 150 180 277 782 850 1337 2047 718
1969 2103 1860 205 150 150 150 150 150 150 290 687 245 546
1970 346 306 150 150 150 150 168 212 552 556 912 1776 518
1971 1956 226 150 150 151 150 152 150 187 405 935 899 481
1972 1291 1543 321 268 164 150 253 263 622 787 1353 2058 836
1973 2018 337 165 150 150 150 152 167 262 452 1052 1570 564
1974 1437 150 150 150 150 150 150 150 174 316 520 376 354
1975 530 1102 639 270 150 150 150 150 153 353 641 677 453
1976 245 720 813 659 200 252 465 690 780 1402 2093 2503 896
1977 1825 2162 2354 2003 398 819 764 774 781 1403 2094 2504 1824
1978 1830 2165 1876 150 150 150 150 150 239 440 1057 1508 703
1979 1215 1504 1651 153 150 150 155 189 247 595 1284 2015 833
1980 1966 1525 315 150 150 150 151 156 254 448 1056 1442 779
1981 1678 1739 384 150 150 150 162 266 774 1153 1774 2312 1037
1982 2247 150 150 150 150 150 150 150 151 252 486 205 339
1983 154 150 150 150 150 150 150 150 150 150 172 152 153
1984 151 150 150 150 150 150 158 174 289 464 928 1638 509
1985 1763 152 170 377 168 161 219 260 758 1145 1767 2308 829
1986 2245 2028 775 186 150 150 150 155 273 457 927 1397 754
1987 1707 1753 1776 940 173 151 256 517 722 1126 1755 2301 1212
1988 2241 2026 980 157 236 251 522 703 786 1406 2095 2505 1125
1989 1825 2162 2354 1862 492 150 152 259 768 1150 1770 2079 1382
1990 2120 1963 1883 540 277 396 333 527 776 1400 2092 2502 1313
1991 1830 2165 2355 2004 401 151 178 474 805 1417 2103 2509 1356
1992 1816 2157 2351 2013 151 169 259 517 791 1409 2097 2506 1163
1993 1826 2162 1484 150 150 150 150 150 153 350 1091 1749 689
1994 1019 1403 919 633 152 228 390 486 779 1402 2093 2503 1092

Average 1623 1356 936 503 208 198 228 279 444 757 1333 1810 794



Table 3C-19.  Simulated No-Project Export EC (µS/cm)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 759 726 374 274 265 303 367 424 272 302 493 705 426
1923 484 419 287 308 433 334 360 435 307 363 576 722 419
1924 752 751 731 626 395 478 561 588 532 713 920 965 656
1925 786 873 739 693 325 386 382 506 346 483 673 830 586
1926 834 799 761 451 321 346 402 498 445 554 717 885 576
1927 865 326 386 311 302 319 375 435 293 322 477 675 410
1928 608 347 355 288 317 298 341 429 354 346 494 737 407
1929 779 751 672 579 364 443 530 557 499 699 907 958 638
1930 771 862 645 350 395 279 442 508 453 559 720 888 558
1931 869 820 770 689 565 652 575 800 646 775 892 979 766
1932 833 912 467 376 364 540 468 491 413 546 693 842 532
1933 796 819 787 623 515 526 528 585 646 771 895 974 707
1934 805 896 761 471 501 495 448 608 481 752 886 964 657
1935 816 865 914 390 452 327 386 407 311 366 591 776 517
1936 757 777 758 329 324 292 359 427 305 375 590 764 485
1937 766 767 735 535 334 363 395 400 312 397 592 768 535
1938 754 280 284 340 272 239 297 262 295 291 459 421 359
1939 308 354 321 377 360 350 453 493 436 546 711 878 452
1940 853 817 797 372 311 310 356 423 322 326 497 718 461
1941 755 740 308 294 320 356 375 372 284 319 409 587 424
1942 355 457 288 419 395 345 373 401 275 312 460 611 395
1943 407 317 267 361 365 298 397 436 349 349 470 688 393
1944 703 727 702 375 388 332 467 465 337 463 687 838 549
1945 829 640 406 477 322 386 446 470 302 371 596 775 488
1946 729 553 298 306 421 330 436 448 309 372 584 775 458
1947 797 754 445 509 333 318 433 513 466 571 719 879 574
1948 865 808 790 615 534 388 386 426 280 354 560 722 568
1949 774 757 652 609 440 299 451 503 325 453 685 842 572
1950 843 799 777 377 298 315 386 470 299 370 573 710 507
1951 769 274 320 314 314 334 421 415 338 335 489 672 410
1952 733 540 283 287 427 358 364 311 294 266 325 315 371
1953 332 372 406 398 367 326 408 396 251 310 458 567 384
1954 491 359 415 298 302 296 346 422 340 335 491 729 409
1955 771 548 258 305 320 363 494 489 335 478 696 848 483
1956 843 790 341 280 306 354 398 448 283 298 460 549 423
1957 314 476 585 384 335 309 393 461 302 320 498 676 425
1958 418 464 263 300 303 370 321 330 293 263 309 327 330
1959 328 487 418 352 358 363 478 478 446 473 583 725 465
1960 776 761 740 632 301 307 446 480 432 546 711 875 598
1961 865 760 474 471 270 324 436 464 460 565 720 886 566
1962 868 813 541 588 338 289 441 466 339 393 584 790 528
1963 250 346 247 314 275 268 364 387 285 309 455 607 340
1964 641 253 359 280 333 335 488 498 445 550 711 873 481
1965 855 694 289 314 301 308 368 400 328 327 458 635 433
1966 663 295 315 334 376 329 444 439 426 459 586 793 453
1967 808 415 287 294 261 297 333 307 304 285 330 327 344
1968 322 481 356 355 337 306 419 447 449 472 582 795 451
1969 803 739 271 323 241 285 280 256 293 294 386 280 378
1970 321 358 417 305 384 349 408 426 387 367 466 702 411
1971 750 271 273 269 315 282 372 387 256 301 458 452 360
1972 564 641 293 298 291 281 443 447 404 443 588 804 462
1973 784 320 256 269 270 306 363 413 285 314 500 638 387
1974 585 253 265 305 355 345 396 439 262 278 339 305 336
1975 360 511 381 332 360 354 361 387 276 292 374 389 364
1976 295 402 428 403 335 336 498 539 451 628 819 937 487
1977 710 819 886 857 673 719 588 791 591 751 896 998 805
1978 916 944 776 367 313 363 317 357 330 384 500 614 465
1979 523 629 675 330 392 373 388 442 279 376 586 770 485
1980 743 636 301 322 286 323 415 428 337 377 492 596 458
1981 616 699 375 390 352 329 404 463 452 559 714 877 543
1982 848 257 258 316 314 318 253 313 291 279 332 286 331
1983 299 310 292 262 224 214 281 287 225 308 247 316 278
1984 422 331 278 319 383 338 431 463 302 326 470 659 408
1985 695 256 252 325 312 304 442 477 447 556 709 870 466
1986 846 790 433 322 283 258 377 396 342 347 483 589 450
1987 650 700 709 497 345 306 441 520 435 548 710 881 576
1988 865 826 493 319 465 444 529 574 475 649 868 957 593
1989 793 864 912 795 702 295 352 475 476 579 728 824 658
1990 833 810 767 419 430 451 457 571 468 678 875 963 649
1991 809 890 942 946 902 332 428 572 688 788 905 989 706
1992 819 911 962 870 377 351 454 542 503 709 936 984 644
1993 800 894 658 330 278 269 337 396 268 325 498 685 437
1994 476 600 458 396 309 332 482 542 449 623 812 931 538

Average 677 610 498 413 365 347 411 456 373 445 598 728 470



Table 3C-20.  Simulated No-Project Export Chloride Concentrations (mg/l)
Flow  

Water Weighted  
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average  

1922 181 171 66 36 32 38 51 62 32 40 100 163 79
1923 95 77 33 38 62 43 49 63 40 62 121 167 72
1924 171 170 169 134 61 67 92 96 92 143 192 225 137
1925 170 195 167 137 38 49 51 73 46 88 146 197 115
1926 191 179 176 79 38 44 54 72 79 113 169 208 116
1927 203 46 64 35 36 39 52 63 36 48 92 153 69
1928 131 54 56 32 37 35 44 60 53 55 100 168 69
1929 181 175 152 119 53 61 81 87 91 144 198 230 134
1930 167 197 143 43 51 30 61 73 80 114 169 211 110
1931 203 188 181 146 100 112 96 123 107 149 202 232 168
1932 169 199 73 50 49 81 69 72 56 95 147 192 93
1933 175 180 176 124 88 82 77 90 108 151 200 231 145
1934 167 197 176 81 69 69 63 100 86 146 199 229 131
1935 167 201 215 49 62 39 54 58 39 61 121 179 95
1936 171 176 170 38 46 35 49 62 40 64 123 180 91
1937 173 174 169 103 48 54 58 60 40 66 121 180 106
1938 174 34 33 44 41 36 45 39 41 38 91 77 59
1939 41 57 40 49 47 46 66 74 77 111 164 203 80
1940 194 179 171 47 39 42 49 61 45 51 100 165 83
1941 174 172 36 35 47 53 56 56 36 45 76 129 76
1942 55 88 34 63 59 46 53 58 33 43 91 135 66
1943 70 44 29 54 55 45 58 65 49 54 90 157 65
1944 159 167 161 53 50 41 69 68 48 91 150 192 109
1945 189 142 71 88 41 55 66 70 38 63 123 179 91
1946 164 115 35 37 59 41 64 65 40 63 123 180 82
1947 184 175 82 96 43 37 60 77 84 115 168 213 117
1948 204 189 179 129 79 50 51 58 31 57 119 166 114
1949 181 175 146 126 70 34 63 73 44 88 150 199 117
1950 197 184 177 53 33 37 51 66 38 63 123 163 97
1951 177 30 42 42 41 44 61 58 48 53 99 153 70
1952 169 113 31 35 62 54 55 47 39 31 49 45 60
1953 49 58 54 55 50 40 57 54 26 44 90 122 61
1954 99 59 76 33 34 34 44 58 48 53 99 168 71
1955 181 115 27 35 40 49 72 71 48 93 155 202 91
1956 196 184 47 42 43 48 57 67 35 42 91 116 76
1957 42 93 127 63 41 37 54 66 39 49 101 154 75
1958 76 90 29 34 37 55 48 50 39 32 46 50 49
1959 48 97 73 44 47 47 70 69 80 87 127 167 85
1960 178 173 173 133 34 35 62 68 75 110 166 211 125
1961 206 177 92 82 28 38 60 65 83 116 169 211 115
1962 205 188 112 114 43 34 64 67 49 70 128 186 104
1963 25 55 25 39 31 29 50 54 34 46 89 134 51
1964 143 26 59 31 42 43 73 74 79 112 167 212 92
1965 202 159 33 41 38 38 51 56 44 50 89 142 77
1966 146 36 41 42 51 41 64 62 73 84 128 186 81
1967 188 74 32 34 28 37 50 46 44 36 52 49 53
1968 46 96 48 44 42 36 59 64 81 87 127 187 81
1969 189 172 30 46 36 43 42 38 44 39 68 34 66
1970 45 49 57 46 58 48 59 61 62 60 90 160 69
1971 173 31 29 29 37 32 50 52 28 43 90 87 57
1972 121 143 39 37 33 30 62 63 68 81 129 191 87
1973 184 43 26 30 32 41 50 60 35 47 100 144 65
1974 125 26 28 39 48 47 58 65 29 36 54 43 49
1975 57 105 65 43 48 50 50 54 32 40 65 68 57
1976 37 72 80 69 42 43 75 86 82 135 193 228 92
1977 154 185 205 183 100 117 97 119 100 148 201 230 171
1978 152 195 178 46 39 54 48 54 45 57 101 135 84
1979 105 138 151 40 59 54 55 65 33 63 121 181 91
1980 172 142 40 45 43 48 61 64 47 57 101 130 86
1981 133 154 54 50 44 40 56 66 81 113 166 209 106
1982 200 26 26 41 47 48 38 47 38 35 52 35 50
1983 39 41 44 39 34 32 42 43 34 45 26 42 38
1984 63 50 42 48 57 45 63 67 39 50 91 149 69
1985 159 26 26 46 37 36 63 69 80 112 165 210 87
1986 200 184 79 38 42 39 57 59 49 53 92 129 85
1987 144 157 162 94 42 35 62 79 77 111 165 208 118
1988 202 183 98 36 63 60 81 92 85 139 196 226 116
1989 168 201 217 178 106 32 42 66 85 117 170 194 139
1990 198 184 179 67 58 66 65 88 84 141 199 228 134
1991 170 200 216 192 135 38 57 86 112 151 203 232 141
1992 170 196 215 194 46 42 63 83 90 145 200 229 124
1993 165 192 143 42 33 31 44 55 30 45 103 157 77.3
1994 92 130 90 67 36 42 71 82 81 134 197 227 108

Average 146 128 96 66 50 46 59 67 57 80 127 166 86.9



Table 3C-21.  Simulated No-Project Export DOC Concentrations (mg/l)
Flow  

Water Weighted  
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average  

1922 2.4 2.5 2.6 3.4 3.6 3.6 3.9 4.1 3.4 3.3 3.2 3.3 3.2
1923 3.5 3.3 4.7 4.9 5.1 5.0 4.0 4.8 3.5 3.1 3.8 3.6 4.0
1924 4.2 4.3 3.8 4.9 5.2 7.8 6.2 6.6 4.8 5.6 6.9 5.4 5.0
1925 5.1 5.6 4.3 7.8 5.7 5.3 4.1 5.1 3.9 4.2 4.3 3.9 5.0
1926 4.6 4.9 4.0 5.2 5.9 5.4 4.4 5.4 4.0 4.0 3.3 4.5 4.6
1927 4.4 3.6 3.6 5.7 4.6 4.2 4.0 4.6 3.5 3.3 3.7 3.6 4.1
1928 3.8 3.5 3.6 5.2 5.4 3.9 4.0 5.0 3.9 3.5 3.5 4.2 4.1
1929 4.2 3.8 3.7 5.3 5.2 7.5 5.9 6.3 4.5 5.4 6.3 4.7 4.8
1930 4.9 5.1 3.7 6.1 7.1 4.5 5.1 5.8 4.3 4.2 3.4 4.4 4.8
1931 4.6 4.7 3.7 6.1 6.9 9.1 6.3 8.0 5.5 6.2 5.4 4.9 5.4
1932 5.8 6.2 6.3 5.7 5.6 6.5 5.0 5.3 4.2 4.9 4.7 4.7 5.6
1933 4.9 5.4 4.8 6.2 6.1 7.5 5.7 6.3 5.5 6.0 5.6 4.8 5.7
1934 5.4 5.9 3.9 5.3 8.7 7.9 5.6 6.8 4.5 6.0 5.6 4.8 5.6
1935 5.6 4.6 4.7 6.9 6.6 5.3 4.4 4.6 3.7 3.3 4.2 4.0 4.8
1936 4.2 4.5 4.5 6.0 4.9 4.0 4.1 4.6 3.4 3.2 4.0 3.5 4.3
1937 4.2 4.2 3.7 5.5 5.2 4.0 4.4 4.0 3.4 3.6 4.1 3.6 4.3
1938 3.7 3.4 3.6 5.6 4.0 4.0 4.0 4.0 3.9 3.2 3.1 3.4 3.8
1939 3.6 3.4 4.3 6.6 5.8 5.9 5.2 5.7 4.1 4.1 3.6 5.0 4.5
1940 5.0 5.6 5.8 6.9 5.0 4.1 3.9 4.5 3.4 3.1 3.4 3.6 4.5
1941 3.9 3.6 4.9 4.8 4.7 4.0 4.0 4.0 3.5 3.5 3.1 3.2 4.0
1942 3.6 3.4 3.5 4.0 4.0 4.5 4.2 4.3 3.6 3.5 3.2 3.4 3.7
1943 3.7 3.7 3.7 4.0 4.0 4.0 4.5 4.0 3.8 3.6 3.6 3.6 3.8
1944 3.8 3.8 3.6 5.7 6.4 5.0 5.1 5.2 3.8 3.4 4.4 4.7 4.4
1945 4.7 3.6 3.7 5.2 4.9 5.3 5.0 4.0 3.6 3.3 4.3 4.1 4.3
1946 4.1 3.7 4.1 4.8 5.8 5.2 5.0 5.2 3.8 3.4 4.0 4.0 4.3
1947 4.3 3.9 3.8 5.2 5.2 5.4 5.4 6.2 4.4 4.4 3.5 3.8 4.4
1948 4.3 4.2 4.7 5.0 8.8 6.3 4.5 4.8 3.8 3.4 3.5 3.8 4.5
1949 3.9 4.0 3.7 5.5 6.1 5.0 5.2 5.7 3.9 3.4 4.3 4.1 4.4
1950 4.4 4.4 4.5 6.0 4.9 5.1 4.5 5.2 3.7 3.3 3.4 3.7 4.4
1951 4.1 3.5 4.4 4.8 4.3 4.4 4.7 4.7 3.7 3.3 3.3 3.5 4.0
1952 3.7 3.5 4.5 4.5 4.5 4.0 4.0 4.0 3.8 3.3 3.3 3.5 3.9
1953 3.7 4.1 5.0 5.2 5.0 5.1 4.6 4.5 3.4 3.5 3.3 3.4 4.1
1954 3.5 3.5 3.6 5.7 4.7 4.6 4.1 5.0 4.1 3.4 3.5 3.9 4.0
1955 3.9 3.6 3.7 6.5 5.3 6.0 5.4 5.6 3.9 3.8 4.4 4.1 4.6
1956 4.6 4.1 5.2 4.0 4.1 4.4 4.3 4.6 3.5 3.1 3.2 3.3 4.0
1957 3.6 3.7 3.5 4.7 5.6 4.6 4.6 5.0 3.8 3.3 3.5 3.6 4.0
1958 3.6 3.6 3.6 6.6 4.6 4.5 4.0 4.0 3.8 3.0 3.1 3.2 3.9
1959 3.6 3.5 3.9 5.7 5.1 5.4 5.2 5.4 4.1 4.2 3.3 3.8 4.2
1960 4.3 4.3 3.7 5.6 5.2 4.9 5.2 5.6 4.1 4.1 3.4 3.8 4.4
1961 4.1 3.7 3.6 6.1 4.4 5.4 5.5 6.0 4.2 4.2 3.4 4.3 4.4
1962 4.3 4.3 3.6 6.1 5.7 4.1 4.7 5.0 3.6 3.2 3.2 3.6 4.2
1963 3.5 3.4 3.5 6.0 4.3 4.4 4.2 4.2 3.4 3.2 3.2 3.4 3.9
1964 3.5 3.5 3.5 5.5 5.7 5.7 5.5 5.7 4.2 4.2 3.3 3.8 4.2
1965 4.2 3.6 4.0 4.5 4.4 4.7 4.2 4.5 3.7 3.3 3.4 3.5 4.0
1966 4.0 3.8 4.1 6.1 5.5 5.3 5.1 5.4 4.2 4.2 3.4 4.0 4.5
1967 4.3 3.6 4.5 5.5 3.7 4.0 4.0 4.0 4.2 3.6 3.1 3.4 4.0
1968 3.6 3.5 4.7 6.6 4.6 4.7 4.9 5.4 4.2 4.2 3.4 4.0 4.3
1969 4.0 3.7 3.7 5.0 4.0 4.0 4.0 4.0 4.0 3.4 3.3 3.4 3.9
1970 3.7 4.5 4.3 4.0 4.0 4.4 4.5 4.7 3.8 3.5 3.5 3.7 4.0
1971 3.8 3.5 4.4 4.7 5.2 4.2 4.3 4.4 3.4 3.2 3.3 3.4 3.9
1972 3.5 3.6 3.6 4.9 5.2 5.1 5.4 5.7 4.2 4.0 3.5 4.0 4.2
1973 3.9 4.5 4.0 5.2 3.7 3.9 4.0 4.5 3.3 3.0 3.4 3.2 3.9
1974 3.5 3.3 3.8 4.3 4.6 4.1 4.4 4.7 3.4 3.2 3.3 3.4 3.7
1975 3.7 3.6 3.6 5.6 5.2 4.7 4.2 4.4 3.7 3.3 3.3 3.4 3.9
1976 3.7 3.5 3.6 4.9 6.0 5.8 5.9 6.4 4.2 4.3 4.2 4.2 4.4
1977 4.5 4.9 5.0 8.1 10.0 11.4 6.6 6.1 5.4 6.1 5.7 5.8 6.2
1978 8.0 7.8 4.2 6.3 4.5 4.9 4.0 4.0 3.8 3.9 3.3 3.4 4.5
1979 3.7 3.7 3.8 6.0 4.5 4.6 4.3 4.8 3.4 3.5 4.1 3.6 4.2
1980 3.7 3.5 3.5 4.9 4.0 4.0 4.5 4.0 3.9 3.8 3.2 3.4 3.8
1981 3.8 4.2 4.5 6.5 5.6 5.1 4.7 5.4 4.2 4.2 3.5 4.2 4.5
1982 4.2 3.6 3.7 5.0 4.5 4.0 4.0 4.0 3.8 3.3 3.2 3.5 3.9
1983 3.8 4.4 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.3 3.1 3.7 3.9
1984 4.0 4.0 4.0 4.0 4.0 4.5 4.7 5.0 3.6 3.3 3.7 3.5 3.9
1985 3.7 3.9 3.6 5.0 5.6 5.6 5.1 5.6 4.3 4.3 3.4 3.9 4.3
1986 4.2 4.0 3.7 6.1 4.0 4.0 4.0 4.0 4.0 3.5 3.7 3.3 4.1
1987 3.6 3.9 3.7 4.9 5.9 5.1 5.3 6.0 4.0 4.0 3.4 4.4 4.3
1988 4.5 5.3 3.6 6.1 8.2 7.8 6.1 6.5 4.4 4.5 5.5 5.0 5.4
1989 5.2 4.6 4.4 5.6 9.9 4.8 4.8 6.2 4.6 4.5 3.5 4.0 4.8
1990 3.9 4.8 3.8 5.5 7.3 7.0 5.8 6.8 4.5 5.2 5.5 5.0 5.2
1991 5.5 5.7 5.7 10.2 11.3 5.4 5.5 6.9 6.0 6.5 5.9 5.4 6.2
1992 5.5 6.7 6.4 6.5 6.6 5.5 5.3 6.5 4.7 5.4 6.6 5.4 6.0
1993 5.4 6.4 4.2 5.2 4.1 3.5 3.6 4.1 3.3 3.4 3.1 3.3 4.0
1994 3.5 3.6 3.3 4.7 5.7 5.4 5.3 5.8 4.0 4.0 3.3 3.9 4.2

Average 4.2 4.2 4.1 5.5 5.4 5.1 4.7 5.1 4.0 3.9 3.9 3.9 4.3



Table 3C-22.  Estimated No-Project Treated Water THM Concentrations (µg/l)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 39.4 40.3 32.0 38.2 40.0 40.4 45.6 50.0 37.5 37.6 42.7 51.8 40.6
1923 46.4 42.0 52.4 55.3 61.9 57.2 47.2 58.4 40.2 38.3 53.7 56.5 49.5
1924 66.7 68.7 60.0 71.9 63.4 96.5 81.9 88.8 63.9 84.6 114.7 96.0 73.0
1925 80.7 94.4 68.4 114.8 64.2 61.6 48.7 63.9 45.1 55.4 64.3 66.1 69.6
1926 77.4 79.5 64.1 66.5 67.0 62.3 52.4 68.2 51.5 56.0 52.7 78.5 64.2
1927 75.0 42.1 44.5 63.8 52.1 47.7 47.1 55.9 39.1 38.3 49.3 54.7 50.3
1928 55.2 41.6 43.1 57.9 60.7 44.1 46.3 60.6 46.5 41.2 47.6 66.4 50.2
1929 67.8 61.1 56.5 75.2 61.4 91.5 76.0 81.6 59.5 81.1 107.3 84.2 69.8
1930 78.4 85.4 55.5 70.8 83.4 49.5 62.4 72.7 54.9 59.4 54.5 76.3 64.9
1931 77.9 77.8 60.8 92.1 93.9 126.1 84.1 114.6 76.2 94.4 92.5 88.4 84.7
1932 92.3 105.3 78.7 67.3 65.8 83.7 62.6 66.5 50.8 65.0 71.0 78.0 73.5
1933 79.4 87.3 77.4 89.4 80.1 95.9 72.6 82.5 76.3 91.6 95.2 87.2 85.1
1934 85.7 100.4 62.6 68.7 108.2 98.2 68.2 91.5 58.2 90.9 94.9 85.7 80.5
1935 88.8 78.3 81.9 80.6 80.2 60.0 52.6 55.5 42.5 40.6 60.0 65.6 63.9
1936 67.3 71.9 71.9 67.5 57.0 44.8 47.5 55.7 39.0 39.7 57.2 57.5 56.1
1937 67.9 68.3 59.4 75.0 60.5 47.6 52.6 48.4 39.1 44.6 57.8 58.0 58.3
1938 60.2 37.9 39.9 64.3 45.7 45.0 46.2 45.5 44.9 36.7 40.6 42.8 45.6
1939 40.9 41.0 48.8 76.8 67.6 68.0 64.5 71.5 51.9 56.9 56.9 85.7 57.3
1940 83.8 91.1 92.7 80.8 56.9 47.1 45.3 55.0 39.6 36.0 45.9 56.1 57.9
1941 62.0 57.7 54.7 54.1 55.2 47.5 47.9 47.8 39.9 40.0 39.7 47.1 49.7
1942 43.3 44.6 39.4 48.8 48.3 52.7 49.4 52.0 40.2 40.7 42.7 50.3 45.3
1943 46.6 42.2 40.4 47.6 47.7 46.3 54.0 49.2 44.6 42.4 48.0 55.5 46.6
1944 58.8 60.5 56.9 67.5 75.1 57.6 63.6 64.9 44.4 44.6 66.7 78.3 60.2
1945 77.4 54.3 45.7 67.3 56.1 62.9 61.4 49.9 41.1 40.7 61.3 66.1 56.2
1946 64.1 51.2 45.7 53.9 70.1 59.7 61.5 63.7 43.0 41.3 56.8 64.9 54.7
1947 70.8 62.6 48.5 69.9 59.7 60.9 65.5 78.4 56.8 62.2 55.6 66.2 61.6
1948 73.9 69.1 75.7 72.7 112.2 74.4 53.0 57.5 41.9 41.3 50.0 59.5 62.4
1949 63.4 64.5 55.9 79.4 76.2 56.1 63.1 71.6 44.8 44.1 66.0 69.5 61.8
1950 73.9 71.9 72.8 71.4 54.2 57.0 52.8 64.3 42.0 40.7 49.4 57.6 58.0
1951 66.5 38.5 51.0 54.5 49.0 51.2 57.1 56.0 43.5 38.9 44.7 54.0 49.6
1952 59.5 49.2 49.9 50.5 54.6 47.5 47.7 46.5 43.4 36.8 38.6 40.0 46.5
1953 43.0 48.7 59.7 62.5 59.0 58.7 55.8 53.8 37.2 40.4 44.1 49.2 49.1
1954 47.2 42.5 45.0 63.8 52.3 51.3 47.2 60.6 47.6 40.5 46.8 61.7 49.6
1955 63.1 50.9 40.3 72.8 60.5 70.7 67.7 70.2 45.3 50.5 67.4 69.6 59.0
1956 77.2 66.9 60.1 45.9 47.5 51.5 51.6 56.8 39.4 36.0 42.2 47.0 50.0
1957 41.8 48.4 51.0 57.0 64.3 51.5 55.0 62.1 42.7 38.6 47.4 55.9 50.2
1958 45.5 47.0 39.9 73.9 52.0 54.1 46.7 46.9 43.1 33.2 35.6 37.7 45.9
1959 41.7 46.9 48.9 66.1 59.8 62.9 65.1 66.8 52.1 54.3 48.3 60.0 53.5
1960 69.2 69.5 59.0 81.6 58.7 55.5 62.9 69.3 51.9 56.3 53.3 66.6 62.6
1961 70.7 60.5 47.8 78.5 48.5 61.7 66.5 73.4 54.5 59.5 54.0 74.4 61.1
1962 74.3 71.6 50.6 85.8 65.7 45.7 57.8 62.1 42.4 40.3 46.9 60.0 57.4
1963 37.5 40.9 37.9 68.5 47.2 48.8 49.0 49.9 38.3 36.6 42.6 49.3 45.4
1964 52.6 38.1 41.9 60.9 65.4 65.1 69.5 71.9 53.5 58.4 53.1 65.6 55.1
1965 72.3 56.1 44.7 52.0 49.3 53.1 49.1 54.4 43.2 38.5 44.2 52.8 50.2
1966 60.5 42.6 47.2 69.4 65.1 60.8 62.8 65.4 53.0 54.0 49.8 66.5 56.9
1967 70.6 45.8 49.8 62.1 40.8 44.6 47.0 46.4 48.0 41.0 37.2 39.8 47.3
1968 42.3 47.0 54.7 76.4 52.6 53.2 58.5 65.6 53.4 54.9 49.6 65.9 54.2
1969 66.0 59.0 40.4 58.1 45.1 46.0 45.9 45.4 46.1 38.8 40.2 37.8 47.4
1970 42.5 52.7 51.3 46.4 48.1 51.2 54.5 57.5 45.7 42.5 46.4 58.0 49.0
1971 60.9 38.8 48.6 51.2 58.6 46.3 50.7 51.5 37.8 37.2 43.9 44.9 46.6
1972 49.8 54.7 40.6 55.6 58.1 56.7 66.3 70.0 52.0 51.6 50.5 66.1 54.1
1973 64.3 52.0 43.2 57.0 41.4 44.4 47.2 54.1 36.7 35.5 46.5 48.9 47.3
1974 50.4 36.3 41.9 49.1 54.0 47.9 52.9 58.3 37.0 36.1 39.1 39.2 43.7
1975 44.1 49.0 43.7 63.9 60.4 54.6 49.5 52.4 41.1 37.6 41.0 42.6 47.2
1976 41.6 44.2 45.5 60.5 68.7 66.6 74.4 83.5 54.4 63.1 70.6 75.8 58.3
1977 69.8 80.9 85.2 133.5 135.0 160.2 88.5 86.4 72.8 93.1 97.4 105.2 98.1
1978 123.0 131.4 67.6 72.9 51.2 58.7 46.7 47.5 44.3 46.5 45.0 50.0 57.7
1979 50.0 54.1 57.3 68.1 54.6 55.3 51.6 58.7 37.6 42.2 58.3 58.9 54.1
1980 58.7 51.7 40.4 56.6 46.0 46.8 54.7 49.0 45.3 45.8 42.9 49.3 49.2
1981 55.1 64.6 53.4 76.1 64.2 58.4 56.7 67.0 53.5 58.8 55.0 72.4 60.6
1982 70.9 39.7 40.9 57.4 52.7 46.7 45.3 46.6 43.0 36.9 38.1 39.0 46.0
1983 43.2 50.0 46.1 45.5 44.7 44.5 45.9 46.0 44.7 49.4 33.7 42.9 44.5
1984 48.9 46.9 45.8 46.7 48.0 52.3 57.9 61.7 40.6 39.0 48.4 53.3 48.2
1985 57.1 42.2 38.8 58.1 62.8 62.9 62.1 69.4 54.4 60.3 54.2 67.8 55.5
1986 70.9 66.3 47.1 69.4 45.9 45.4 47.9 48.3 47.1 40.9 49.4 47.4 52.6
1987 53.6 60.3 58.1 65.4 67.5 56.9 64.0 76.3 51.4 56.2 53.5 76.8 60.1
1988 77.5 87.6 48.6 68.6 100.5 94.9 78.0 86.7 56.7 67.3 91.9 89.7 74.2
1989 83.3 78.0 78.3 91.6 135.5 53.1 55.1 76.6 59.0 63.3 56.0 68.0 70.0
1990 66.4 78.5 62.0 67.7 87.9 86.3 71.8 88.3 57.6 78.2 93.4 90.3 74.4
1991 87.7 96.6 100.2 171.3 166.9 61.6 65.9 89.8 83.7 98.7 100.7 97.4 93.2
1992 88.5 112.3 111.6 109.3 77.0 62.6 64.4 83.4 61.6 81.7 112.5 97.4 86.9
1993 84.9 107.7 62.9 59.6 45.6 39.0 41.0 48.4 36.8 39.9 41.8 50.9 50.5
1994 46.8 51.8 43.6 57.9 64.3 61.8 66.3 74.8 51.2 59.0 56.4 70.4 56.3

Average 63.8 61.5 54.9 68.6 64.4 60.2 57.5 63.6 48.2 51.2 56.8 63.1 55.7



Table 3C-23.  Differences in Chipps Island EC between Proposed Project and Simulated No-Project (µS/cm)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0 0 18 897 3 -0 -1 -0 1 5 3 -28 75
1923 -2 10 13 0 0 -19 -1 -8 -24 -23 -11 -36 -8
1924 -19 -10 -5 -19 -20 -3 -42 -66 -23 -11 -6 -3 -19
1925 -2 -1 25 11 0 0 -1 -8 -3 -1 -1 -0 2
1926 -0 -0 -0 -13 10 6 -3 -19 -65 -28 -14 -8 -11
1927 -4 6 18 163 0 -0 -0 -1 -24 -8 -4 -31 10
1928 -3 936 285 352 3 -0 -0 -7 -43 -13 -6 -3 125
1929 -2 -1 25 -5 -15 -2 -34 -57 -22 -10 -5 -3 -11
1930 -2 -1 24 883 86 -1 -12 -27 -68 -29 -15 -8 69
1931 -4 -2 -1 -17 -6 -2 -45 -68 -24 -11 -6 -3 -16
1932 -2 -1 16 820 52 12 -16 -26 -5 -3 -1 -1 71
1933 -0 -0 -0 -16 -26 -59 -37 -55 -22 -10 -5 -3 -19
1934 -2 -1 25 -4 -9 -2 -22 -60 -21 -10 -5 -3 -9
1935 -2 -1 -0 -1 -0 -3 -0 -0 -19 -9 -4 -2 -3
1936 -1 -1 -0 -0 0 0 -1 -6 -30 -12 -6 -34 -8
1937 -18 -9 -5 -17 2 0 -1 -4 -2 -1 -0 -0 -5
1938 -0 5 0 0 0 -0 -0 -0 0 3 -3 -23 -2
1939 151 63 24 2 1 -19 -25 -45 -68 -29 -15 -8 3
1940 -4 -2 -1 -1 0 0 -0 -4 -33 -20 -9 -34 -9
1941 -18 -9 0 0 0 -0 -0 -0 6 4 271 101 30
1942 131 66 0 -0 0 -0 -0 -0 6 8 4 -26 16
1943 -0 197 4 -0 0 -0 -0 -2 -34 -11 -4 -32 10
1944 -4 -2 24 -3 20 5 -10 -33 -41 -19 -9 -5 -6
1945 -3 12 22 -5 0 0 -4 -12 -23 -10 -5 -2 -2
1946 11 18 0 0 0 18 -5 -15 -28 -24 -12 -6 -4
1947 -3 13 24 9 -8 -12 -18 -42 -75 -33 1 -19 -14
1948 -11 -6 -3 -18 -4 -23 -1 -1 -14 -19 -9 -34 -12
1949 -18 -9 20 -7 -19 1 -5 -20 -38 -31 -15 -8 -13
1950 -4 -2 -1 -8 16 -1 -4 -12 -29 -22 -16 -38 -10
1951 -19 0 0 0 0 -0 -7 -8 -39 -12 -10 -34 -11
1952 -9 9 5 0 0 -0 -0 -0 0 11 37 42 8
1953 37 19 0 -0 0 -1 -5 -1 -11 -5 -2 -28 0
1954 -1 8 21 155 0 -0 -0 -2 -34 -11 -10 -5 10
1955 -3 12 947 161 44 -20 -30 -32 -47 -22 -11 -6 83
1956 -3 -2 0 0 0 -0 -1 -0 -7 -13 -6 -29 -5
1957 380 193 111 256 3 -0 -3 -5 -28 -20 -9 -34 70
1958 -3 10 1171 4 0 -0 -0 -0 0 21 39 -5 103
1959 84 40 40 0 0 0 -21 -27 -67 -25 -17 -38 -3
1960 -20 -10 -5 -19 -2 -10 -18 -24 -65 -28 -14 -7 -19
1961 -4 12 25 -4 26 -4 -20 -30 -71 -31 2 1 -8
1962 1 0 23 9 0 -1 -12 -21 -45 -17 -8 -6 -6
1963 0 8 603 409 0 -1 -0 -0 -19 -7 -3 -29 80
1964 -3 263 222 5 -4 -1 -30 -43 -73 -32 -16 -29 22
1965 -16 6 0 0 0 -4 -0 -1 -29 -18 -8 -32 -9
1966 -16 1401 728 2 0 -1 -15 -23 -60 -22 -16 -8 164
1967 -4 9 14 0 0 -0 -0 -0 0 6 39 47 9
1968 44 22 36 0 0 -0 -8 -26 -64 -24 -11 -6 -3
1969 -3 13 7 0 0 -0 -0 -0 0 23 53 29 10
1970 39 24 0 0 0 -0 -6 -17 -48 -14 -6 -3 -3
1971 -2 4 0 0 0 0 -2 -0 -13 -15 -11 -28 -6
1972 -2 -1 1764 293 13 -1 -18 -26 -59 -22 -10 -17 160
1973 3 7 519 0 0 -0 -2 -8 -26 -9 -4 -31 37
1974 -3 0 0 -0 0 -0 -0 -0 -10 437 595 165 99
1975 59 39 29 135 0 -0 -0 -0 11 10 464 133 73
1976 70 44 35 -1 16 -22 -39 -62 -81 -38 -20 -11 -9
1977 -6 -3 -2 -1 -0 -0 -43 -67 -23 -11 -6 -3 -14
1978 -2 -1 25 -0 0 0 -0 -1 -22 -8 -4 -30 -3
1979 -2 -1 -1 -1 0 -0 -3 -13 -26 -11 -5 -3 -5
1980 11 19 1898 0 0 -0 -1 -4 -25 -9 -9 -32 154
1981 -4 -2 12 76 1 -0 -5 -24 -68 -30 -15 -8 -6
1982 -4 0 0 0 0 -0 -0 -0 6 22 43 20 7
1983 4 0 0 -0 0 0 -0 -0 0 0 8 2 1
1984 2 0 0 -0 0 -0 -4 -10 -29 -9 -4 -31 -7
1985 -4 0 556 228 102 -1 -14 -25 -68 -30 -15 -22 59
1986 -12 -6 17 640 0 -0 -0 -4 -27 -9 -4 -29 47
1987 -3 -1 -1 -15 140 0 -17 -46 -72 -31 -16 -8 -6
1988 -5 -3 20 374 116 21 -25 -57 -21 -10 -5 -3 34
1989 -2 -1 -0 -18 -5 -0 -2 -22 -52 -22 -11 -37 -14
1990 -20 -11 -5 -12 -11 -43 -33 -51 -19 -9 -5 -3 -19
1991 -1 -1 -0 -0 -0 -1 -9 -41 -16 -8 -4 -2 -7
1992 -1 -1 -0 -0 -1 -10 -21 -47 -18 -9 -4 -2 -10
1993 -1 -1 24 0 0 -0 -0 -0 9 9 5 -27 2
1994 -1 -0 20 -5 14 -12 -31 -48 -77 -36 -19 -10 -17

Minimum -20 -11 -5 -19 -26 -59 -45 -68 -81 -38 -20 -38 -19
Average 10 46 129 78 7 -3 -10 -19 -30 -6 15 -7 17

Maximum 380 1401 1898 897 140 21 -0 -0 11 437 595 165 164

Note: Difference is Proposed Project minus No-Project.



Table 3C-24.  Differences in Emmaton EC between Proposed Project and Simulated No-Project (µS/cm)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0 0 4 140 0 -0 -0 -0 0 1 1 -10 11
1923 -0 2 0 0 0 -2 -0 -0 -3 -5 -3 -12 -2
1924 -7 -3 -2 -6 -4 -0 -10 -15 -5 -3 -2 -1 -5
1925 -1 -0 8 3 0 0 -0 -1 -0 -0 -0 -0 1
1926 -0 -0 -0 -3 0 1 -0 -2 -15 -8 -5 -3 -3
1927 -2 1 4 5 0 -0 -0 -0 -3 -1 -1 -10 -1
1928 -1 191 56 21 0 -0 -0 -0 -8 -2 -2 -1 21
1929 -1 -0 8 -1 -3 -0 -6 -12 -5 -3 -2 -1 -2
1930 -1 -0 8 109 8 -0 -1 -3 -16 -8 -5 -3 7
1931 -2 -1 -0 -5 -2 -1 -11 -16 -6 -3 -2 -1 -4
1932 -1 -0 3 117 4 1 -2 -3 -1 -1 -0 -0 10
1933 -0 -0 -0 -5 -6 -12 -6 -11 -5 -3 -2 -1 -4
1934 -1 -0 9 -1 -1 -0 -3 -14 -5 -3 -2 -1 -2
1935 -1 -0 -0 -0 -0 -0 -0 -0 -2 -2 -1 -1 -1
1936 -0 -0 -0 -0 0 0 -0 -0 -4 -3 -2 -12 -2
1937 -6 -3 -2 -5 0 0 -0 -0 -0 -0 -0 -0 -1
1938 -0 1 0 0 0 0 -0 -0 0 0 -1 -6 -0
1939 21 13 2 0 0 -2 -3 -8 -16 -8 -5 -3 -1
1940 -2 -1 -0 -0 0 0 -0 -0 -5 -4 -2 -12 -2
1941 -6 -3 0 0 0 -0 -0 -0 0 1 65 31 7
1942 25 17 0 -0 0 -0 -0 -0 0 1 1 -8 3
1943 -0 31 0 -0 0 -0 -0 -0 -5 -2 -1 -11 1
1944 -1 -1 8 -1 0 0 -1 -5 -7 -5 -3 -2 -1
1945 -1 4 5 -1 0 0 -0 -1 -3 -2 -1 -1 -0
1946 4 5 0 0 0 1 -0 -1 -4 -5 -3 -2 -1
1947 -1 4 6 2 -1 -1 -2 -7 -18 -9 0 -7 -3
1948 -4 -2 -1 -5 -1 -2 -0 -0 -1 -4 -3 -12 -3
1949 -6 -3 6 -2 -4 0 -0 -2 -6 -8 -5 -3 -3
1950 -2 -1 -0 -1 0 -0 -0 -1 -4 -5 -5 -13 -3
1951 -7 0 0 0 0 -0 -0 -0 -6 -2 -3 -11 -3
1952 -3 3 0 0 0 -0 -0 -0 0 1 7 7 1
1953 6 4 0 0 0 -0 -0 -0 -1 -1 -1 -8 -0
1954 -0 2 5 5 0 -0 -0 -0 -6 -2 -3 -2 -0
1955 -1 3 100 10 5 -3 -5 -4 -8 -6 -3 -2 7
1956 -1 -1 0 0 0 -0 -0 -0 -0 -2 -2 -9 -1
1957 56 50 34 53 0 -0 -0 -0 -4 -4 -2 -11 14
1958 -1 3 146 0 0 0 -0 -0 0 3 7 -1 13
1959 14 11 9 0 0 0 -3 -3 -16 -6 -5 -13 -1
1960 -7 -4 -2 -6 -0 -1 -2 -3 -14 -8 -5 -3 -4
1961 -2 4 6 -1 1 -0 -3 -4 -17 -9 1 0 -2
1962 0 0 6 3 0 -0 -1 -2 -8 -4 -2 -2 -1
1963 0 1 48 46 0 -0 -0 -0 -2 -1 -1 -9 7
1964 -1 16 46 0 -0 -0 -5 -7 -17 -9 -5 -11 0
1965 -6 2 0 0 0 -0 -0 -0 -4 -3 -2 -10 -2
1966 -5 194 101 0 0 -0 -2 -3 -13 -5 -5 -3 22
1967 -2 2 0 0 0 -0 -0 -0 0 0 8 8 1
1968 7 6 5 0 0 -0 -1 -3 -15 -6 -3 -2 -1
1969 -1 4 1 0 0 -0 -0 -0 0 3 12 3 2
1970 6 3 0 0 0 -0 -0 -2 -10 -3 -1 -1 -1
1971 -1 0 0 0 0 0 -0 -0 -1 -3 -3 -7 -1
1972 -1 -0 308 39 1 -0 -2 -3 -12 -5 -3 -6 26
1973 1 1 38 0 0 -0 -0 -0 -3 -2 -1 -10 2
1974 -1 0 0 0 0 0 -0 -0 -1 66 120 27 18
1975 12 11 6 18 0 -0 -0 -0 0 2 103 30 15
1976 8 10 8 -0 1 -3 -7 -14 -19 -12 -7 -4 -3
1977 -2 -1 -1 -0 -0 -0 -10 -16 -6 -3 -2 -1 -4
1978 -1 -0 9 -0 0 0 -0 -0 -2 -1 -1 -9 -1
1979 -1 -0 -0 -0 0 -0 -0 -1 -3 -2 -2 -1 -1
1980 4 6 333 0 0 -0 -0 -0 -3 -2 -2 -10 27
1981 -1 -1 2 1 0 -0 -0 -3 -16 -8 -5 -3 -3
1982 -2 0 0 0 0 -0 0 -0 0 3 8 2 1
1983 0 0 0 0 0 0 -0 -0 0 0 1 0 0
1984 0 0 0 -0 0 -0 -0 -1 -4 -2 -1 -10 -1
1985 -1 0 45 38 7 -0 -1 -3 -16 -8 -5 -8 4
1986 -4 -2 4 62 0 0 -0 -0 -3 -2 -1 -9 4
1987 -1 -0 -0 -4 10 0 -2 -9 -16 -9 -5 -3 -3
1988 -2 -1 5 22 13 3 -5 -13 -5 -3 -2 -1 1
1989 -1 -0 -0 -6 -1 -0 -0 -3 -12 -6 -4 -13 -4
1990 -7 -4 -2 -2 -1 -7 -5 -10 -5 -3 -2 -1 -4
1991 -0 -0 -0 -0 -0 -0 -1 -8 -4 -2 -1 -1 -1
1992 -0 -0 -0 -0 -0 -1 -3 -9 -4 -3 -2 -1 -2
1993 -0 -0 8 0 0 -0 -0 -0 0 1 1 -9 0
1994 -0 -0 5 -1 0 -1 -5 -9 -18 -11 -7 -4 -4

Minimum -7 -4 -2 -6 -6 -12 -11 -16 -19 -12 -7 -13 -5
Average 1 8 19 9 0 -0 -2 -3 -6 -2 2 -3 2

Maximum 56 194 333 140 13 3 0 -0 0 66 120 31 27

Note: Difference is Proposed Project minus No-Project.



Table 3C-25.  Differences in Jersey Point EC between Proposed Project and Simulated No-Project (µS/cm)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0 0 3 112 0 -0 -0 -0 0 1 1 -8 9
1923 -0 2 0 0 0 -2 -0 -0 -3 -4 -3 -10 -2
1924 -5 -3 -1 -5 -3 -0 -8 -12 -4 -3 -2 -1 -4
1925 -0 -0 7 3 0 0 -0 -0 -0 -0 -0 -0 1
1926 -0 -0 -0 -2 0 0 -0 -2 -12 -6 -4 -2 -2
1927 -1 1 3 4 0 -0 -0 -0 -2 -1 -1 -8 -0
1928 -1 153 45 17 0 -0 -0 -0 -6 -2 -1 -1 17
1929 -0 -0 6 -1 -2 -0 -5 -10 -4 -3 -2 -1 -2
1930 -0 -0 6 87 6 -0 -1 -3 -13 -7 -4 -2 6
1931 -1 -1 -0 -4 -1 -1 -9 -13 -5 -3 -2 -1 -3
1932 -0 -0 2 94 3 1 -2 -3 -1 -0 -0 -0 8
1933 -0 -0 -0 -4 -5 -9 -4 -9 -4 -3 -2 -1 -3
1934 -0 -0 7 -1 -1 -0 -2 -11 -4 -2 -1 -1 -1
1935 -0 -0 -0 -0 -0 -0 -0 -0 -2 -1 -1 -1 -0
1936 -0 -0 -0 -0 0 0 -0 -0 -3 -2 -1 -9 -1
1937 -5 -3 -1 -4 0 0 -0 -0 -0 -0 -0 -0 -1
1938 -0 0 0 0 0 0 -0 -0 0 0 -1 -4 -0
1939 17 10 2 0 0 -1 -3 -7 -12 -7 -4 -2 -1
1940 -1 -1 -0 -0 0 0 -0 -0 -4 -3 -2 -9 -2
1941 -5 -3 0 0 0 -0 -0 -0 0 1 52 25 6
1942 20 13 0 -0 0 -0 -0 -0 0 1 1 -7 2
1943 -0 25 0 -0 0 -0 -0 -0 -4 -2 -1 -8 1
1944 -1 -1 7 -0 0 0 -1 -4 -5 -4 -2 -1 -1
1945 -1 3 4 -1 0 0 -0 -1 -2 -2 -1 -1 -0
1946 3 4 0 0 0 1 -0 -1 -3 -4 -3 -2 -0
1947 -1 4 5 2 -1 -1 -2 -6 -14 -7 0 -6 -2
1948 -3 -2 -1 -4 -0 -2 -0 -0 -1 -3 -2 -9 -2
1949 -5 -3 5 -2 -3 0 -0 -2 -5 -6 -4 -2 -2
1950 -1 -1 -0 -1 0 -0 -0 -1 -3 -4 -4 -10 -2
1951 -5 0 0 0 0 -0 -0 -0 -5 -2 -2 -9 -2
1952 -2 2 0 0 0 -0 -0 -0 0 1 5 6 1
1953 5 3 0 0 0 -0 -0 -0 -1 -1 -0 -7 -0
1954 -0 1 4 4 0 -0 -0 -0 -4 -2 -2 -1 -0
1955 -1 3 80 8 4 -2 -4 -4 -6 -4 -3 -2 6
1956 -1 -0 0 0 0 -0 -0 -0 -0 -2 -1 -7 -1
1957 45 40 27 43 0 -0 -0 -0 -3 -3 -2 -9 11
1958 -1 2 116 0 0 0 -0 -0 0 2 6 -1 10
1959 11 9 7 0 0 0 -2 -3 -13 -5 -4 -10 -1
1960 -6 -3 -1 -5 -0 -1 -2 -2 -11 -6 -4 -2 -4
1961 -1 3 5 -1 1 -0 -2 -3 -13 -7 0 0 -2
1962 0 0 5 2 0 -0 -1 -2 -6 -3 -2 -2 -1
1963 0 1 39 37 0 -0 -0 -0 -2 -1 -1 -7 6
1964 -1 13 36 0 -0 -0 -4 -6 -13 -7 -4 -9 0
1965 -5 2 0 0 0 -0 -0 -0 -3 -3 -2 -8 -2
1966 -4 155 81 0 0 -0 -1 -2 -11 -4 -4 -2 17
1967 -1 2 0 0 0 -0 -0 -0 0 0 6 7 1
1968 6 5 4 0 0 -0 -1 -3 -12 -5 -3 -2 -1
1969 -1 4 1 0 0 -0 -0 -0 0 2 10 3 1
1970 5 3 0 0 0 -0 -0 -1 -8 -2 -1 -1 -1
1971 -0 0 0 0 0 0 -0 -0 -1 -2 -2 -6 -1
1972 -0 -0 247 31 1 -0 -2 -3 -10 -4 -2 -5 21
1973 1 1 31 0 0 -0 -0 -0 -3 -1 -1 -8 2
1974 -1 0 0 0 0 0 -0 -0 -1 53 96 22 14
1975 9 9 5 14 0 -0 -0 -0 0 1 82 24 12
1976 7 8 7 -0 1 -2 -6 -11 -15 -9 -6 -3 -3
1977 -2 -1 -1 -0 -0 -0 -8 -13 -4 -3 -2 -1 -3
1978 -0 -0 7 -0 0 0 -0 -0 -2 -1 -1 -8 -0
1979 -1 -0 -0 -0 0 -0 -0 -1 -2 -2 -1 -1 -1
1980 3 5 266 0 0 -0 -0 -0 -2 -1 -2 -8 22
1981 -1 -1 2 1 0 -0 -0 -2 -13 -7 -4 -2 -2
1982 -1 0 0 0 0 -0 0 -0 0 2 6 2 1
1983 0 0 0 0 0 0 -0 -0 0 0 0 0 0
1984 0 0 0 -0 0 -0 -0 -1 -3 -1 -1 -8 -1
1985 -1 0 36 30 5 -0 -1 -2 -13 -7 -4 -6 3
1986 -4 -2 3 50 0 0 -0 -0 -3 -1 -1 -7 3
1987 -1 -0 -0 -3 8 0 -2 -7 -13 -7 -4 -2 -3
1988 -1 -1 4 17 11 2 -4 -10 -4 -2 -1 -1 1
1989 -0 -0 -0 -5 -1 -0 -0 -2 -10 -5 -3 -11 -3
1990 -6 -3 -2 -2 -1 -6 -4 -8 -4 -2 -1 -1 -3
1991 -0 -0 -0 -0 -0 -0 -1 -6 -3 -2 -1 -1 -1
1992 -0 -0 -0 -0 -0 -0 -2 -7 -3 -2 -1 -1 -2
1993 -0 -0 6 0 0 -0 -0 -0 0 1 1 -7 0
1994 -0 -0 4 -1 0 -1 -4 -7 -14 -9 -5 -3 -3

Minimum -6 -3 -2 -5 -5 -9 -9 -13 -15 -9 -6 -11 -4
Average 1 6 15 7 0 -0 -1 -3 -5 -2 2 -3 1

Maximum 45 155 266 112 11 2 0 -0 0 53 96 25 22
Note: Difference is Proposed Project minus No-Project.



Table 3C-26.  Differences in Export EC between Proposed Project and Simulated No-Project (µS/cm)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 -0 -0 1 18 -18 -0 1 1 -2 15 -7 -10 -1
1923 -0 0 -24 -1 -1 0 0 1 33 -1 -9 -2 -1
1924 -1 -0 -0 -1 -0 -2 -1 -1 -3 -3 -2 -0 -1
1925 -0 -0 1 1 -26 83 1 2 95 2 2 2 8
1926 2 2 1 2 -24 23 1 2 -2 -2 -1 -0 -1
1927 -0 0 1 -36 -4 -1 0 1 22 9 -1 -2 -2
1928 0 36 12 -20 -0 -0 0 1 27 19 0 1 6
1929 1 1 2 1 0 -1 1 0 -2 -2 -1 -0 0
1930 0 0 2 -4 57 2 1 1 10 -2 -1 -0 5
1931 -0 0 0 -1 -0 -3 -2 3 -6 -4 -1 -1 -1
1932 -0 -0 -0 -1 0 -24 0 1 -2 -2 -1 -0 -2
1933 -0 -0 -0 -1 -1 -1 0 0 -5 -4 -2 -1 -1
1934 -0 -0 2 -0 -1 -4 -1 -2 -2 -4 -2 -1 -1
1935 -0 -0 -0 -0 -1 1 0 0 -1 -1 -1 -1 -0
1936 -0 -0 -0 -0 -34 -2 0 1 8 -3 -1 -3 -5
1937 -1 -1 -1 -1 -35 0 0 0 51 32 1 1 1
1938 1 1 -28 1 0 0 0 0 -3 -0 -0 -1 -3
1939 1 3 -1 -0 -1 1 1 0 -16 -15 -2 -1 -2
1940 -1 -1 -1 -1 -28 -2 0 1 13 -1 -10 -3 -4
1941 -1 -1 -1 -24 -1 0 0 0 -1 -1 13 7 -1
1942 3 4 -1 0 0 -1 0 1 -3 -0 0 -2 0
1943 -0 3 -0 0 0 0 1 0 34 25 0 -2 5
1944 0 0 2 1 -58 -3 1 0 12 -6 -17 -1 -5
1945 -1 1 1 -0 -32 -8 0 0 36 5 -6 0 -1
1946 1 1 -28 0 9 -6 1 1 53 -1 8 1 2
1947 1 2 2 2 1 1 1 1 -3 -2 0 -2 0
1948 -1 -0 0 -1 -1 1 1 1 -0 -1 -1 -3 -1
1949 -1 -1 1 -0 -0 -6 0 1 16 -2 -1 -1 0
1950 -0 -0 -0 -0 -19 9 0 1 -1 -1 -1 -3 -2
1951 -2 -0 -35 -0 -1 -1 1 1 -11 -3 -1 -20 -7
1952 -1 0 -29 -1 -2 0 0 0 -3 -1 1 1 -3
1953 1 0 -3 -1 -1 -1 1 1 49 68 1 -1 11
1954 1 2 2 -40 -3 1 1 2 22 6 -0 -15 -2
1955 0 1 4 -8 25 25 2 2 26 -1 0 0 6
1956 1 1 1 11 -0 -0 1 1 2 -0 -0 -2 1
1957 5 10 4 10 -4 -0 1 2 38 -0 3 -7 5
1958 0 1 15 -9 -0 -1 0 0 -3 -0 1 -0 0
1959 2 2 2 -1 -1 9 1 1 19 9 -1 -2 3
1960 -1 -0 -0 -0 1 1 1 1 -3 -2 -1 -1 -0
1961 -0 1 1 0 -8 13 0 0 -3 -3 -0 -0 -0
1962 -0 -0 1 1 -26 -0 0 1 63 21 0 4 4
1963 1 1 -7 1 1 1 0 1 3 -0 -1 -4 -0
1964 -7 -10 10 -0 0 -1 0 0 28 4 -1 -2 1
1965 -1 1 0 -30 -0 -0 1 1 -4 -1 -1 -14 -5
1966 -8 16 8 -0 -1 -1 1 0 45 31 -0 0 6
1967 1 1 -34 0 -0 -0 0 0 -3 -1 1 1 -3
1968 1 1 -1 -1 -1 -1 1 1 14 10 -1 -0 2
1969 0 1 0 -33 0 0 0 0 0 -0 2 0 -3
1970 0 -0 -1 0 0 -1 1 1 -10 -1 -1 -0 -1
1971 -0 -0 -21 -0 -3 -5 0 1 7 -1 -1 -2 -2
1972 -0 -7 55 9 0 1 1 1 49 32 0 0 12
1973 2 2 -12 -4 0 -0 1 1 7 0 -15 -2 -2
1974 -0 -25 -0 -0 -1 -1 1 1 38 11 25 6 5
1975 3 4 2 0 0 -1 1 1 -2 10 21 7 4
1976 1 3 2 1 -1 46 1 1 45 -1 -0 0 7
1977 1 1 1 3 1 -2 -0 -10 -3 -3 -1 -0 0
1978 1 0 2 -0 -28 -6 0 0 -0 -1 -1 -2 -5
1979 -0 -0 -0 -0 2 -1 1 1 -1 16 -20 -0 0
1980 1 1 56 -9 0 0 1 0 55 49 1 -1 13
1981 1 1 2 -70 -0 0 1 1 -16 -32 -2 -2 -8
1982 -1 -1 -21 -1 -1 0 0 0 -3 -0 1 -1 -2
1983 -1 -1 0 0 0 0 0 0 0 -1 -1 -1 -0
1984 0 0 0 0 0 -1 1 2 20 8 -1 -2 3
1985 0 0 -9 9 -10 1 1 1 -44 -44 -2 -3 -6
1986 -2 -2 -0 -15 0 0 0 0 13 13 -0 -2 -0
1987 -0 0 0 -0 -16 1 -0 -1 14 -2 -1 -1 -1
1988 -0 -0 1 -30 9 9 -0 -1 -2 -1 -1 -0 -4
1989 -0 -0 -0 -1 -3 1 -0 -0 -3 -2 -1 -3 -1
1990 -2 -1 -1 -1 -0 -1 -1 -1 -2 -2 -1 -1 -1
1991 -0 -0 -0 -1 -6 2 -1 -1 -7 -5 -2 -1 -0
1992 -1 -1 -1 -1 -1 2 -1 -3 -3 -3 -3 -1 -1
1993 -1 -1 1 -26 -1 -1 0 1 -3 -1 -0 -2 -4
1994 -0 -0 1 -0 -7 -0 -0 1 48 52 -0 1 6

Minimum -8 -25 -35 -70 -58 -24 -2 -10 -44 -44 -20 -20 -8
Average -0 1 -1 -4 -4 2 0 0 11 4 -1 -1 0

Maximum 5 36 56 18 57 83 2 3 95 68 25 7 13

Note: Difference is Proposed Project minus No-Project.



Table 3C-27.  Differences in Export Chloride Concentrations between Proposed Project and Simulated No-Project (mg/l)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Difference

1922 -0.0 -0.0 0.3 6.6 -3.6 -0.1 0.1 0.3 -0.5 4.3 -2.3 -3.4 -0.36
1923 -0.0 0.1 -4.4 -0.1 -0.2 -0.0 0.1 0.2 9.3 -0.3 -4.5 -0.8 -0.10
1924 -0.3 -0.2 -0.1 -0.3 -0.2 -0.4 -0.3 -0.5 -0.5 -0.3 0.0 -0.0 -0.30
1925 -0.1 -0.1 0.5 0.2 -4.6 23.9 0.1 0.4 23.6 0.3 0.3 0.3 0.59
1926 0.3 0.3 0.2 0.2 -4.3 7.6 0.2 0.3 -0.9 -0.5 -0.3 -0.1 -1.28
1927 -0.1 0.1 0.3 -6.1 -0.7 -0.1 0.1 0.2 6.0 1.9 -0.5 -0.6 -0.85
1928 -0.0 12.0 3.7 -3.0 -0.0 -0.0 0.1 0.2 7.7 4.5 -0.0 0.1 1.91
1929 0.1 0.1 0.6 0.0 -0.0 -0.2 0.0 -0.2 -0.4 -0.2 0.0 -0.0 0.03
1930 -0.0 -0.0 0.5 2.6 20.9 0.4 0.1 0.2 2.2 -0.6 -0.3 -0.1 1.36
1931 -0.1 -0.0 -0.0 -0.3 -0.1 -0.3 -0.5 0.2 -0.9 -0.4 -0.2 -0.1 -0.31
1932 -0.1 -0.1 0.0 2.9 0.1 -2.5 0.1 0.1 -0.4 -0.3 -0.1 -0.0 0.01
1933 -0.1 -0.1 -0.1 -0.4 -0.4 -0.4 -0.0 -0.2 -0.7 -0.4 -0.2 -0.1 -0.18
1934 -0.1 -0.1 0.6 -0.1 -0.2 -0.6 -0.2 -0.7 -0.5 -0.4 -0.2 -0.1 -0.10
1935 -0.1 -0.1 -0.1 -0.0 -0.2 0.2 0.1 0.1 -0.1 -0.2 -0.2 -0.1 -0.11
1936 -0.1 -0.1 -0.1 -0.0 -7.7 -0.4 0.0 0.2 -0.0 -3.0 -0.2 -0.8 -2.78
1937 -0.4 -0.3 -0.2 -0.3 -7.9 0.0 0.1 0.0 13.7 7.8 0.2 0.2 -1.23
1938 0.1 0.1 -5.4 0.1 0.0 0.0 0.0 0.0 -0.6 -0.0 -0.1 -0.3 -0.66
1939 0.6 0.8 -0.0 -0.1 -0.1 0.1 0.1 -0.0 -7.6 -5.5 -0.4 -0.2 -1.12
1940 -0.2 -0.2 -0.2 -0.1 -5.5 -0.5 0.1 0.2 0.7 -0.3 -6.4 -0.8 -1.99
1941 -0.4 -0.2 -0.1 -4.5 -0.1 0.0 0.0 0.0 -0.3 -0.1 4.3 2.1 -0.01
1942 1.2 1.1 -0.1 0.0 0.0 -0.1 0.1 0.2 -0.5 -0.0 0.0 -0.6 0.11
1943 -0.0 1.3 -0.0 0.0 0.0 0.0 0.1 0.0 3.7 2.1 0.0 -0.6 0.13
1944 0.0 0.0 0.6 0.2 -10.6 -0.6 0.1 -0.0 1.2 -3.2 -6.1 -0.1 -2.65
1945 -0.1 0.2 0.3 -0.1 -6.4 -1.5 0.1 0.0 9.6 1.0 -3.1 0.0 -0.84
1946 0.2 0.4 -5.5 0.0 4.1 -1.0 0.2 0.2 15.3 -0.3 0.9 0.0 0.75
1947 0.1 0.4 0.5 0.3 0.2 0.2 0.1 -0.0 -1.1 -0.6 0.1 -0.5 0.04
1948 -0.2 -0.1 -0.1 -0.3 -0.1 0.0 0.1 0.2 -0.1 -0.3 -0.2 -0.8 -0.25
1949 -0.4 -0.2 0.4 -0.1 -0.2 -1.0 0.1 0.1 2.9 -0.6 -0.3 -0.2 -0.45
1950 -0.1 -0.1 -0.0 -0.0 -3.4 2.4 0.1 0.2 -0.3 -0.4 -0.3 -0.9 -1.29
1951 -0.5 -0.0 -7.5 -0.1 -0.1 -0.1 0.1 0.1 -3.9 -1.4 -0.2 -7.3 -2.02
1952 -0.3 0.1 -5.2 -0.2 -0.3 0.0 0.0 0.0 -0.6 -0.1 0.3 0.3 -0.58
1953 0.3 0.2 -0.6 -0.1 -0.2 -0.1 0.1 0.2 12.8 17.1 0.2 -0.4 2.47
1954 0.2 0.3 0.5 -6.8 -0.5 0.1 0.1 0.3 6.9 1.3 -0.1 -5.7 -0.11
1955 0.0 0.3 3.9 -1.1 8.7 9.3 0.2 0.3 7.0 -0.3 -0.0 0.0 0.83
1956 0.1 0.1 0.1 1.7 -0.0 -0.1 0.2 0.3 0.3 -0.1 -0.1 -0.6 0.07
1957 2.1 2.7 1.0 3.2 -0.7 -0.1 0.1 0.3 8.2 -0.2 -1.1 -4.0 1.16
1958 0.0 0.2 7.2 -1.6 -0.0 -0.3 0.0 0.0 -0.6 0.1 0.4 -0.1 0.51
1959 0.6 0.7 0.5 -0.2 -0.1 3.1 0.1 0.2 3.1 1.2 -0.3 -0.8 0.29
1960 -0.4 -0.2 -0.1 -0.3 0.1 0.1 0.1 0.1 -0.9 -0.6 -0.3 -0.2 -0.21
1961 -0.1 0.3 0.4 -0.0 -1.3 3.7 -0.0 -0.1 -1.1 -0.7 0.0 0.0 -0.40
1962 -0.0 -0.0 0.4 0.2 -5.2 -0.0 0.1 0.1 15.7 4.4 -0.0 0.1 0.02
1963 0.1 0.2 0.4 1.4 0.1 0.2 0.1 0.2 0.9 -0.1 -0.5 -1.4 0.19
1964 -2.6 -1.4 3.1 -0.0 -0.0 -0.2 -0.0 -0.1 6.7 -0.9 -0.3 -0.7 0.43
1965 -0.3 0.2 -0.0 -6.5 -0.1 -0.1 0.1 0.2 -2.2 -0.3 -0.2 -5.6 -1.81
1966 -3.3 8.1 3.7 -0.0 -0.1 -0.1 0.1 0.0 13.1 8.5 -0.2 -0.0 2.71
1967 0.1 0.2 -6.0 0.0 -0.0 -0.1 0.0 0.0 -0.7 -0.2 0.4 0.4 -0.56
1968 0.3 0.4 0.0 -0.1 -0.1 -0.1 0.1 0.1 1.4 0.6 -0.2 -0.1 0.38
1969 -0.0 0.3 0.1 -7.7 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.1 -0.76
1970 0.2 0.0 -0.2 0.0 0.0 -0.1 0.1 0.2 -5.4 -2.8 -0.2 -0.1 -1.09
1971 -0.1 -0.0 -3.7 -0.1 -0.5 -0.9 0.1 0.1 1.1 -0.2 -0.2 -0.5 -1.03
1972 -0.0 -2.6 19.0 2.6 0.1 0.2 0.1 0.1 13.1 7.6 -0.0 -0.2 3.40
1973 0.3 0.3 -0.9 -0.7 -0.0 -0.1 0.1 0.2 1.2 -0.2 -5.9 -0.7 -0.79
1974 -0.1 -4.4 -0.1 -0.0 -0.1 -0.2 0.1 0.2 11.1 3.9 8.0 1.9 1.76
1975 0.8 0.8 0.5 0.4 -0.0 -0.1 0.1 0.2 -0.5 2.5 6.8 2.1 1.34
1976 0.3 0.7 0.6 0.1 -0.1 11.8 0.1 -0.2 8.1 -0.5 -0.2 -0.1 0.99
1977 0.1 0.1 0.1 0.4 0.1 -0.1 -0.3 -1.5 -0.6 -0.3 -0.1 -0.0 -0.20
1978 -0.1 -0.0 0.6 -0.0 -5.6 -1.3 0.0 0.0 -0.1 -0.3 -0.1 -0.6 -1.00
1979 -0.1 -0.1 -0.1 -0.1 -0.2 -0.1 0.1 0.2 -0.2 -1.0 -11.7 -0.1 -1.08
1980 0.2 0.4 19.9 -2.0 0.0 0.0 0.2 0.0 17.0 15.3 0.0 -0.5 3.45
1981 0.1 0.2 0.3 -12.5 -0.0 0.1 0.1 0.1 -7.0 -11.8 -0.4 -0.3 -2.85
1982 -0.2 -0.1 -3.6 -0.2 -0.1 0.0 0.0 0.0 -0.6 -0.0 0.4 -0.1 -0.42
1983 -0.2 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.3 -0.1 -0.3 -0.10
1984 0.0 0.0 0.0 0.0 0.0 -0.1 0.2 0.3 1.2 -0.3 -1.5 -0.6 -1.08
1985 -0.0 0.0 -0.3 2.5 -1.6 0.2 0.1 0.2 -13.4 -13.3 -0.5 -0.7 -1.72
1986 -0.5 -0.3 0.1 -0.8 0.0 0.0 0.0 0.0 3.6 2.8 -0.1 -0.6 -0.81
1987 -0.0 -0.0 -0.0 -0.2 -2.4 0.1 -0.0 -0.3 2.6 -0.6 -0.4 -0.2 -0.34
1988 -0.1 -0.1 0.4 -4.3 11.5 7.4 -0.1 -0.5 -0.4 -0.3 -0.1 -0.1 -1.55
1989 -0.1 -0.0 -0.0 -0.4 -0.4 0.1 -0.0 -0.1 -0.9 -0.5 -0.3 -1.0 -0.38
1990 -0.5 -0.3 -0.2 -0.2 -0.0 -0.4 -0.3 -0.4 -0.4 -0.3 -0.2 -0.1 -0.25
1991 -0.1 -0.1 -0.1 -0.1 -1.0 0.3 -0.1 -0.4 -1.0 -0.5 -0.3 -0.2 0.02
1992 -0.2 -0.2 -0.2 -0.1 -0.1 0.3 -0.2 -0.6 -0.6 -0.4 -0.3 -0.2 -0.05
1993 -0.2 -0.2 0.4 -5.0 -0.2 -0.1 0.0 0.2 -0.5 -0.1 0.1 -0.6 -0.76
1994 -0.0 -0.0 0.3 -0.1 -1.2 -0.1 -0.1 -0.0 11.9 10.1 -0.3 -0.0 2.01

Minimum -3.3 -4.4 -7.5 -12.5 -10.6 -2.5 -0.5 -1.5 -13.4 -13.3 -11.7 -7.3 -2.9
Average -0.1 0.3 0.4 -0.6 -0.5 0.8 0.0 0.0 2.5 0.6 -0.4 -0.5 -0.15

Maximum 2.1 12.0 19.9 6.6 20.9 23.9 0.2 0.4 23.6 17.1 8.0 2.1 3.5
Note: Difference is Proposed Project minus No-Project.



Table 3C-28.  Differences in Export DOC (mg/l) between Proposed Project and Simulated No-Project (mg/l)
Assuming Long-Term DOC Load (1 g/m²/month)

Flow 
Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0.0 0.0 -0.0 -0.2 -0.1 -0.0 0.0 0.0 -0.0 0.2 0.1 0.1 -0.00
1923 0.0 0.0 -0.1 0.0 -0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.05
1924 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.01
1925 0.0 0.0 -0.0 0.0 -0.3 0.7 -0.0 0.0 1.3 0.0 0.0 0.0 0.12
1926 0.0 0.0 0.0 0.0 -0.6 0.0 -0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.05
1927 -0.0 -0.0 -0.0 -0.9 -0.0 -0.0 -0.0 -0.0 0.3 0.2 0.1 0.0 -0.07
1928 0.0 -0.1 -0.0 -0.6 -0.0 0.0 -0.0 -0.0 0.2 0.3 -0.0 -0.0 -0.05
1929 0.0 0.0 -0.0 0.0 -0.0 -0.1 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.00
1930 -0.0 -0.0 -0.0 -0.7 -0.7 0.0 -0.0 -0.0 0.2 -0.0 -0.0 -0.0 -0.10
1931 -0.0 -0.0 -0.0 -0.0 -0.0 -0.1 -0.0 -0.1 -0.0 -0.1 -0.0 -0.0 -0.01
1932 -0.0 -0.0 -0.0 -0.5 -0.0 0.1 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.07
1933 -0.0 -0.0 -0.0 0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.1 -0.0 -0.0 -0.00
1934 -0.0 -0.0 -0.0 0.0 -0.0 -0.1 -0.0 -0.0 -0.0 -0.1 -0.0 -0.0 -0.01
1935 -0.0 -0.0 -0.0 -0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.00
1936 -0.0 -0.0 -0.0 -0.0 -0.4 -0.0 -0.0 -0.0 0.7 0.5 0.0 0.0 0.04
1937 0.0 0.0 0.0 0.0 -0.4 0.0 -0.0 0.0 0.6 0.6 0.0 0.0 0.04
1938 0.0 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.02
1939 -0.0 -0.0 -0.0 0.0 -0.0 0.1 -0.0 -0.0 0.8 0.4 0.0 0.0 0.11
1940 0.0 0.0 0.0 0.0 -0.2 -0.0 -0.0 -0.0 1.0 0.0 0.8 0.0 0.12
1941 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.01
1942 -0.0 -0.0 -0.0 0.0 0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.01
1943 -0.0 -0.1 -0.0 0.0 0.0 0.0 -0.0 0.0 1.6 1.3 0.0 0.0 0.26
1944 0.0 0.0 0.0 0.1 -0.2 -0.0 0.0 0.0 0.6 0.3 0.3 0.0 0.10
1945 0.0 0.0 0.0 0.0 -0.2 -0.0 -0.0 0.0 0.5 0.1 0.4 0.0 0.06
1946 0.0 0.0 -0.2 0.0 -0.1 -0.1 0.0 0.0 0.2 0.0 0.3 0.0 0.02
1947 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.01
1948 0.0 0.0 0.0 0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.0 0.00
1949 0.0 0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 0.5 -0.0 -0.0 -0.0 0.04
1950 0.0 0.0 0.0 0.0 -0.4 0.2 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.01
1951 -0.0 -0.0 -0.3 -0.0 0.0 -0.0 -0.0 -0.0 0.2 0.1 -0.0 0.3 0.00
1952 0.0 0.0 -0.4 -0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.05
1953 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.5 0.8 0.0 0.0 0.12
1954 0.0 0.0 0.0 -1.0 -0.0 0.0 -0.0 -0.0 0.1 0.1 -0.0 0.3 -0.04
1955 0.0 0.0 -0.3 -0.3 -0.2 -0.4 -0.0 -0.0 0.3 -0.0 -0.0 -0.0 -0.08
1956 -0.0 -0.0 -0.0 0.8 0.0 -0.0 0.0 0.0 0.1 -0.0 -0.0 0.0 0.10
1957 -0.0 0.1 0.1 -0.1 -0.0 -0.0 -0.0 0.0 0.9 0.0 0.4 0.4 0.16
1958 0.0 0.0 -0.3 -0.3 -0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.06
1959 -0.0 -0.0 -0.0 -0.0 -0.0 0.1 -0.0 -0.0 0.9 0.6 0.0 0.0 0.13
1960 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 -0.0 -0.0 -0.0 0.02
1961 0.0 0.0 0.0 0.0 -0.2 0.1 -0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.00
1962 0.0 0.0 -0.0 0.0 -0.2 -0.0 -0.0 -0.0 0.8 0.4 0.0 0.2 0.08
1963 0.0 0.0 -0.3 -0.3 0.0 0.0 0.0 -0.0 0.1 -0.0 0.0 0.0 -0.04
1964 0.1 -0.2 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.6 0.6 0.0 0.0 0.07
1965 0.0 0.0 -0.0 -0.2 0.0 -0.0 0.0 0.0 0.3 0.0 0.0 0.2 0.02
1966 0.2 -0.4 -0.2 0.0 0.0 -0.0 -0.0 -0.0 0.3 0.3 0.0 0.0 -0.00
1967 0.0 0.0 -0.6 -0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.07
1968 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.9 0.8 0.0 0.0 0.13
1969 0.0 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.04
1970 -0.0 -0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 0.9 0.7 0.0 0.0 0.14
1971 0.0 0.0 -0.1 0.0 -0.1 -0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.02
1972 0.0 0.1 -0.3 0.0 -0.0 0.0 -0.0 -0.0 0.6 0.5 0.0 0.0 0.07
1973 0.0 0.0 -0.4 -0.0 0.0 0.0 -0.0 0.0 0.4 0.1 0.4 0.0 0.02
1974 0.0 -0.2 -0.0 0.0 -0.0 0.0 0.0 0.0 0.2 -0.1 -0.1 -0.0 -0.03
1975 -0.0 0.0 -0.0 -0.1 -0.0 0.0 -0.0 -0.0 -0.0 0.1 -0.1 -0.0 -0.01
1976 -0.0 -0.0 -0.0 -0.0 -0.1 0.4 -0.0 -0.0 1.3 0.0 0.0 0.0 0.16
1977 0.0 0.0 0.0 0.1 0.0 -0.1 -0.0 -0.7 -0.0 -0.1 -0.0 -0.0 0.01
1978 -0.0 -0.0 -0.0 -0.0 -0.2 -0.1 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.04
1979 -0.0 -0.0 -0.0 -0.0 1.0 -0.0 0.0 0.0 0.0 1.3 1.4 0.0 0.29
1980 0.0 0.0 -0.3 -0.1 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.0 -0.00
1981 0.0 0.0 0.0 -0.7 -0.0 0.0 -0.0 -0.0 0.4 0.4 -0.0 -0.0 0.00
1982 0.0 0.0 -0.2 0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.02
1983 -0.0 -0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.01
1984 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 1.3 0.7 0.4 0.0 0.28
1985 0.0 0.0 -0.3 0.0 -0.2 0.1 -0.0 -0.0 0.3 0.3 0.0 0.0 0.01
1986 0.0 0.0 0.0 -0.7 0.0 0.0 0.0 0.0 0.3 0.4 -0.0 0.0 -0.02
1987 0.0 0.0 0.0 0.0 -0.3 0.1 -0.0 -0.0 0.5 -0.0 -0.0 -0.0 0.01
1988 0.0 0.0 -0.0 -0.8 -1.5 -0.8 -0.1 -0.1 -0.0 -0.1 -0.1 -0.0 -0.23
1989 -0.0 -0.0 -0.0 -0.0 -0.1 0.0 -0.0 -0.1 -0.0 -0.0 -0.0 -0.0 -0.02
1990 -0.0 -0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.01
1991 -0.0 -0.0 -0.0 -0.0 -0.1 0.1 -0.0 -0.1 -0.1 -0.1 -0.1 -0.0 -0.00
1992 -0.0 -0.0 -0.0 -0.0 -0.0 0.1 -0.0 -0.1 -0.0 -0.1 -0.1 -0.0 -0.01
1993 -0.0 -0.0 -0.0 -0.2 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.03
1994 -0.0 -0.0 -0.0 0.0 -0.2 -0.0 -0.0 -0.0 0.6 1.2 0.0 0.0 0.13

Minimum -0.03 -0.36 -0.64 -1.05 -1.48 -0.82 -0.08 -0.67 -0.07 -0.08 -0.08 -0.04 -0.23
Average 0.01 -0.01 -0.06 -0.09 -0.08 0.01 -0.01 -0.02 0.29 0.17 0.06 0.02 0.02

Maximum 0.19 0.13 0.08 0.84 0.97 0.72 0.02 0.01 1.65 1.29 1.39 0.44 0.29
Note: Difference is Proposed Project minus No-Project.



Table 3C-29.  Differences in Export DOC (mg/l) between Proposed Project and Simulated No-Project (mg/l)
Assuming Initial-Filling DOC Load (4 g/m²/month)

Flow 
Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0.0 0.0 -0.0 -0.2 -0.1 -0.0 0.0 0.0 -0.0 0.8 0.3 0.3 0.1
1923 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 1.4 0.0 1.6 0.0 0.3
1924 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
1925 0.0 0.0 -0.0 0.0 -0.3 0.8 0.0 0.0 2.2 0.0 0.0 0.0 0.2
1926 0.0 0.1 0.0 0.1 -0.6 0.2 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0
1927 0.0 0.0 0.0 -0.9 -0.0 -0.0 -0.0 -0.0 0.7 0.5 0.3 0.0 0.0
1928 0.0 -0.1 0.0 -0.6 -0.0 0.0 -0.0 -0.0 1.0 0.8 0.0 0.0 0.1
1929 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 0.0 0.0
1930 0.0 0.0 0.0 -0.7 -0.5 0.0 -0.0 -0.0 0.7 -0.0 -0.0 -0.0 -0.1
1931 -0.0 0.0 0.0 0.0 0.0 -0.1 -0.0 -0.0 -0.0 -0.1 -0.0 -0.0 -0.0
1932 -0.0 -0.0 -0.0 -0.5 -0.0 0.7 0.0 -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 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.0
1934 -0.0 0.0 -0.0 0.0 -0.0 -0.1 -0.0 -0.0 -0.0 -0.1 -0.0 -0.0 -0.0
1935 -0.0 -0.0 -0.0 -0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1936 -0.0 -0.0 -0.0 -0.0 -0.4 -0.0 -0.0 -0.0 1.1 0.9 0.0 0.0 0.1
1937 0.0 0.0 0.0 0.0 -0.3 0.0 0.0 0.0 1.0 1.2 0.0 0.0 0.2
1938 0.0 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1939 -0.0 -0.0 -0.0 0.0 -0.0 0.8 0.0 0.0 2.9 1.3 0.1 0.1 0.5
1940 0.1 0.1 0.1 0.1 -0.1 0.0 0.0 0.0 1.4 0.0 1.4 0.0 0.3
1941 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
1942 -0.0 -0.0 -0.0 0.0 0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1943 -0.0 -0.1 -0.0 0.0 0.0 0.0 -0.0 0.0 4.5 3.5 0.1 0.1 0.7
1944 0.1 0.1 0.1 0.2 -0.1 0.1 0.0 0.0 1.0 0.6 0.8 0.1 0.3
1945 0.1 0.0 0.0 0.1 -0.2 -0.0 0.0 0.0 0.8 0.3 1.0 0.0 0.2
1946 0.0 0.0 -0.2 0.0 -0.1 -0.0 0.0 0.0 0.8 0.0 1.1 0.0 0.2
1947 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
1948 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 0.0 0.0
1949 0.0 0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 1.0 0.0 -0.0 0.0 0.1
1950 0.0 0.0 0.0 0.0 -0.4 0.3 -0.0 -0.0 -0.0 -0.0 -0.0 0.0 -0.0
1951 0.0 0.0 -0.3 0.0 0.0 -0.0 -0.0 -0.0 0.8 0.3 0.0 0.8 0.1
1952 0.0 0.0 -0.4 0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1953 -0.0 -0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 1.4 2.5 0.0 0.0 0.4
1954 0.0 0.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.6 0.3 0.0 0.9 0.1
1955 0.0 0.0 -0.3 -0.3 -0.1 -0.1 0.0 -0.0 1.0 0.0 0.0 0.0 0.0
1956 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1
1957 -0.0 0.2 0.2 -0.0 0.0 -0.0 -0.0 0.0 2.3 0.0 1.1 1.2 0.5
1958 0.0 0.0 -0.3 -0.2 0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1959 -0.0 -0.0 -0.0 0.0 -0.0 0.6 0.0 -0.0 3.1 2.0 0.1 0.1 0.5
1960 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1961 0.0 0.0 0.0 0.0 -0.1 0.3 0.0 -0.0 0.0 -0.0 -0.0 0.0 0.0
1962 0.0 0.0 0.0 0.0 -0.2 -0.0 -0.0 -0.0 1.2 0.6 0.0 0.5 0.2
1963 0.0 0.0 -0.3 -0.2 0.0 0.1 0.0 -0.0 0.2 0.0 0.1 0.1 -0.0
1964 0.2 -0.2 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 2.5 2.3 0.0 0.1 0.4
1965 0.1 0.0 0.0 -0.2 0.0 0.1 0.0 0.0 0.9 0.0 0.0 0.6 0.1
1966 0.6 -0.3 -0.2 0.1 0.0 0.0 0.0 0.0 1.2 1.2 0.0 0.0 0.2
1967 0.0 0.0 -0.6 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.1
1968 -0.0 -0.0 -0.0 -0.0 0.0 -0.0 -0.0 -0.0 2.9 2.7 0.1 0.1 0.5
1969 0.1 0.1 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0
1970 -0.0 -0.0 -0.0 0.0 0.0 -0.0 0.0 -0.0 2.7 2.1 0.1 0.1 0.5
1971 0.1 0.1 -0.0 0.1 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.1
1972 0.0 0.4 -0.3 0.0 0.0 0.0 0.0 0.0 2.1 1.8 0.0 0.1 0.3
1973 0.1 0.1 -0.4 0.0 0.0 0.0 0.0 0.0 0.9 0.2 1.0 0.0 0.2
1974 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 -0.1 -0.1 -0.0 0.0
1975 0.0 0.1 0.0 -0.1 0.0 0.0 -0.0 -0.0 -0.0 0.4 -0.1 -0.0 0.0
1976 -0.0 -0.0 -0.0 -0.0 -0.0 2.2 0.0 0.0 4.5 0.1 0.1 0.1 0.6
1977 0.1 0.1 0.1 0.2 0.2 0.1 0.1 -0.6 0.0 -0.0 0.0 0.0 0.1
1978 0.0 0.0 0.0 0.0 -0.2 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1979 -0.0 -0.0 -0.0 -0.0 1.0 -0.0 0.0 0.0 0.0 2.7 3.1 0.1 0.6
1980 0.1 0.0 -0.3 -0.0 0.0 0.0 0.0 0.0 0.7 1.0 0.0 0.0 0.1
1981 0.0 0.0 0.0 -0.7 0.0 0.1 -0.0 -0.0 0.9 1.1 0.0 0.0 0.1
1982 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
1983 -0.0 -0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0
1984 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 3.9 2.1 1.1 0.1 0.9
1985 0.1 0.1 -0.3 0.1 -0.2 0.2 0.0 0.0 1.1 1.0 0.0 0.0 0.2
1986 0.1 0.0 0.0 -0.6 0.0 0.0 0.0 0.0 0.7 1.0 0.0 0.0 0.1
1987 0.0 0.0 0.0 0.0 -0.3 0.1 -0.0 -0.0 1.3 0.0 0.0 0.0 0.1
1988 0.0 0.0 0.0 -0.8 -1.3 -0.4 -0.1 -0.1 -0.0 -0.0 -0.0 -0.0 -0.3
1989 -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
1990 -0.0 -0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1991 -0.0 -0.0 -0.0 -0.0 -0.1 0.1 -0.0 -0.1 -0.1 -0.1 -0.0 -0.0 -0.0
1992 -0.0 -0.0 -0.0 -0.0 -0.0 0.1 -0.0 -0.1 -0.0 -0.1 -0.1 -0.0 -0.0
1993 -0.0 -0.0 -0.0 -0.2 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1994 -0.0 -0.0 -0.0 0.0 -0.2 -0.0 -0.0 -0.0 1.7 3.6 0.1 0.1 0.4

Minimum -0.03 -0.34 -0.62 -1.01 -1.28 -0.39 -0.06 -0.64 -0.06 -0.08 -0.08 -0.03 -0.29
Average 0.03 0.01 -0.05 -0.07 -0.06 0.09 0.00 -0.01 0.82 0.53 0.18 0.08 0.14

Maximum 0.60 0.38 0.19 0.85 0.97 2.18 0.07 0.04 4.53 3.60 3.11 1.15 0.92
Note: Difference is Proposed Project minus No-Project.



Table 3C-30.  Differences in Export DOC (mg/l) between Proposed Project and Simulated No-Project (mg/l)
Assuming High Initial-Filling DOC Load (9 g/m²/month)

Flow 
Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0.0 0.0 -0.0 -0.2 -0.1 -0.0 0.0 0.0 -0.0 1.8 0.7 0.6 0.2
1923 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 3.1 0.0 3.5 0.1 0.6
1924 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
1925 0.0 0.0 -0.0 0.1 -0.2 1.1 0.0 0.0 3.6 0.1 0.1 0.1 0.4
1926 0.1 0.1 0.1 0.1 -0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1927 0.0 0.0 0.0 -0.8 -0.0 -0.0 -0.0 0.0 1.5 1.1 0.7 0.0 0.2
1928 0.0 -0.1 0.0 -0.5 0.0 0.0 0.0 0.0 2.2 1.8 0.0 0.1 0.3
1929 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1930 0.0 0.0 0.0 -0.6 -0.3 0.1 -0.0 -0.0 1.5 0.0 0.0 0.0 -0.0
1931 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
1932 0.0 0.0 -0.0 -0.5 -0.0 1.7 0.0 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 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.0
1934 0.0 0.0 -0.0 0.0 -0.0 -0.1 -0.0 -0.0 -0.0 -0.1 -0.0 -0.0 -0.0
1935 -0.0 -0.0 -0.0 -0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1936 -0.0 -0.0 -0.0 -0.0 -0.4 -0.0 -0.0 -0.0 1.7 1.5 0.0 0.0 0.3
1937 0.0 0.0 0.0 0.1 -0.3 0.0 0.0 0.0 1.7 2.0 0.1 0.0 0.3
1938 0.0 0.0 -0.2 0.1 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 0.0 -0.0
1939 -0.0 -0.0 -0.0 0.0 -0.0 2.0 0.0 0.0 6.4 2.9 0.1 0.2 1.0
1940 0.2 0.3 0.2 0.3 -0.1 0.0 0.0 0.0 2.0 0.0 2.3 0.1 0.5
1941 0.1 0.1 0.1 -0.1 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 0.0 0.0
1942 -0.0 0.0 -0.0 0.0 0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1943 -0.0 -0.1 -0.0 0.0 0.0 0.0 -0.0 0.0 9.3 7.2 0.2 0.2 1.5
1944 0.2 0.2 0.2 0.4 0.1 0.2 0.1 0.1 1.7 1.1 1.5 0.2 0.5
1945 0.1 0.1 0.1 0.2 -0.1 0.0 0.0 0.0 1.4 0.5 2.1 0.1 0.4
1946 0.1 0.0 -0.1 0.1 0.1 -0.0 0.0 0.0 1.6 0.0 2.3 0.1 0.4
1947 0.1 0.1 0.0 0.1 0.1 0.1 0.0 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 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1949 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 1.8 0.0 0.0 0.0 0.2
1950 0.0 0.0 0.0 0.0 -0.3 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1951 0.0 0.0 -0.3 0.0 0.0 -0.0 0.0 -0.0 1.8 0.7 0.0 1.7 0.3
1952 0.0 0.0 -0.4 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1953 -0.0 -0.0 -0.0 0.0 -0.0 -0.0 0.0 0.0 3.0 5.3 0.1 0.1 1.0
1954 0.1 0.1 0.1 -0.9 0.1 0.1 0.0 0.0 1.5 0.6 0.0 1.9 0.3
1955 0.1 0.1 -0.3 -0.2 0.2 0.4 0.0 0.0 2.3 0.1 0.1 0.1 0.2
1956 0.1 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.1
1957 -0.0 0.3 0.4 -0.0 0.0 -0.0 0.0 0.0 4.6 0.1 2.2 2.3 0.9
1958 0.1 0.1 -0.3 -0.1 0.1 0.0 0.0 0.0 -0.0 -0.0 -0.0 0.0 -0.0
1959 -0.0 0.0 -0.0 0.0 0.0 1.4 0.0 0.0 6.7 4.5 0.1 0.2 1.0
1960 0.2 0.2 0.1 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.1
1961 0.1 0.0 0.0 0.1 -0.1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1962 0.0 0.0 0.0 0.0 -0.2 0.0 0.0 -0.0 1.9 1.1 0.0 1.0 0.4
1963 0.0 0.0 -0.3 -0.2 0.0 0.1 0.0 0.0 0.4 0.0 0.2 0.2 0.0
1964 0.5 -0.2 0.0 0.0 0.0 -0.0 -0.0 -0.0 5.5 5.1 0.1 0.1 0.8
1965 0.2 0.1 0.1 -0.2 0.1 0.2 0.0 0.0 1.8 0.0 0.0 1.3 0.3
1966 1.3 -0.3 -0.1 0.1 0.1 0.0 0.0 0.0 2.6 2.6 0.1 0.1 0.5
1967 0.1 0.1 -0.6 0.1 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1968 -0.0 0.0 -0.0 0.0 0.0 -0.0 -0.0 -0.0 6.4 6.0 0.1 0.2 1.1
1969 0.2 0.1 0.1 -0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1970 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 5.8 4.4 0.1 0.1 1.1
1971 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.0 1.5 0.0 0.0 0.0 0.2
1972 0.0 0.8 -0.3 0.1 0.1 0.1 0.0 0.0 4.6 3.9 0.1 0.1 0.8
1973 0.1 0.1 -0.3 0.1 0.0 0.0 0.0 0.0 1.8 0.4 2.0 0.0 0.4
1974 0.0 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -0.1 -0.0 0.0 0.1
1975 0.0 0.3 0.0 -0.1 0.0 0.0 0.0 0.0 -0.0 0.8 -0.1 0.0 0.1
1976 -0.0 0.0 0.0 0.0 -0.0 5.1 0.1 0.1 9.8 0.3 0.2 0.2 1.4
1977 0.2 0.2 0.2 0.5 0.5 0.4 0.2 -0.6 0.1 0.1 0.1 0.1 0.2
1978 0.1 0.1 0.0 0.1 -0.2 -0.0 0.0 0.0 0.0 -0.0 -0.0 0.0 -0.0
1979 -0.0 0.0 0.0 0.0 1.0 -0.0 0.0 0.0 0.0 5.0 6.0 0.1 1.0
1980 0.1 0.1 -0.3 -0.0 0.0 0.0 0.0 0.0 1.6 2.2 0.0 0.1 0.3
1981 0.0 0.1 0.1 -0.6 0.1 0.1 0.0 0.0 1.9 2.2 0.1 0.1 0.4
1982 0.1 0.0 -0.1 0.1 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 0.0
1983 -0.0 -0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0
1984 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 8.3 4.4 2.4 0.2 2.0
1985 0.2 0.2 -0.2 0.3 -0.0 0.3 0.1 0.1 2.5 2.3 0.1 0.1 0.4
1986 0.1 0.1 0.1 -0.5 0.0 0.0 0.0 0.0 1.5 2.1 0.1 0.0 0.3
1987 0.0 0.1 0.0 0.1 -0.3 0.1 0.0 0.0 2.6 0.1 0.0 0.1 0.2
1988 0.1 0.1 0.0 -0.8 -0.9 0.3 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.2
1989 0.0 0.0 0.0 0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 0.0
1990 -0.0 -0.0 -0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1991 -0.0 -0.0 0.0 -0.0 -0.1 0.1 -0.0 -0.1 -0.1 -0.1 -0.0 -0.0 -0.0
1992 -0.0 -0.0 -0.0 -0.0 -0.0 0.1 -0.0 -0.1 -0.0 -0.1 -0.1 -0.0 -0.0
1993 -0.0 -0.0 -0.0 -0.2 -0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
1994 -0.0 -0.0 -0.0 0.0 -0.2 -0.0 -0.0 -0.0 3.6 7.6 0.1 0.2 0.9

Minimum -0.03 -0.32 -0.58 -0.94 -0.94 -0.07 -0.04 -0.60 -0.06 -0.07 -0.08 -0.03 -0.18
Average 0.07 0.05 -0.02 -0.03 -0.02 0.22 0.01 0.00 1.70 1.11 0.38 0.17 0.33

Maximum 1.26 0.79 0.36 0.86 0.97 5.14 0.19 0.11 9.83 7.56 5.98 2.35 1.96
Note: Difference is Proposed Project minus No-Project.



Table 3C-31.  Differences in Estimated THM Concentrations between Proposed Project and No-Project (µg/l)
Flow 

Water Weighted 
Year Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Average 

1922 0.0 0.0 0.0 -1.2 -1.9 -0.1 0.0 0.1 -0.3 2.8 0.9 0.7 -0.06
1923 0.0 0.0 -2.3 0.0 -0.1 0.1 0.0 0.1 5.5 -0.0 5.5 0.1 0.57
1924 0.1 0.2 0.1 0.3 0.1 -0.6 -0.3 -0.5 -0.3 -0.6 -0.8 -0.2 0.02
1925 0.0 0.1 -0.5 0.3 -3.8 13.4 0.0 0.1 19.9 0.3 0.3 0.3 1.64
1926 0.5 0.5 0.3 0.5 -7.3 1.8 -0.0 -0.0 -0.1 -0.3 -0.1 -0.2 -0.73
1927 -0.0 -0.0 0.0 -10.7 -0.5 -0.3 -0.0 0.0 3.6 2.5 1.1 -0.0 -0.67
1928 0.0 -0.3 0.5 -7.1 -0.2 0.2 -0.1 -0.2 3.9 3.7 -0.1 -0.1 -0.22
1929 0.0 0.0 0.0 0.2 -0.0 -0.7 -0.2 -0.3 -0.3 -0.6 -0.7 -0.2 -0.09
1930 -0.0 -0.0 0.0 -7.2 -3.5 0.5 -0.5 -0.6 2.6 -0.5 -0.3 -0.4 -1.15
1931 -0.2 -0.2 -0.1 -0.1 -0.1 -1.7 -0.8 -0.7 -0.9 -1.1 -0.7 -0.4 -0.35
1932 -0.2 -0.2 -0.4 -5.0 -0.1 0.6 -0.1 -0.1 -0.3 -0.5 -0.3 -0.2 -1.05
1933 -0.1 -0.1 -0.0 -0.0 -0.2 0.1 -0.2 -0.3 -0.7 -0.9 -0.6 -0.2 -0.12
1934 -0.1 -0.0 0.0 0.1 -0.2 -1.1 -0.4 -0.8 -0.4 -0.9 -0.7 -0.3 -0.23
1935 -0.1 -0.1 -0.0 -0.0 -0.3 0.5 0.3 -0.1 -0.2 -0.2 -0.4 -0.3 -0.05
1936 -0.2 -0.2 -0.1 -0.1 -5.3 -0.4 -0.1 -0.0 8.2 6.0 0.1 0.1 0.43
1937 0.2 0.2 0.2 0.3 -5.5 0.0 0.0 0.0 9.2 8.9 0.2 0.2 0.68
1938 0.2 0.1 -2.8 0.2 0.0 0.0 0.0 0.0 -0.5 -0.1 -0.1 -0.1 -0.30
1939 -0.2 0.1 -0.2 0.0 -0.2 0.7 -0.0 -0.1 9.0 4.2 0.1 0.3 1.01
1940 0.4 0.5 0.5 0.4 -2.9 -0.2 0.0 0.0 11.3 0.1 10.1 0.2 1.49
1941 0.3 0.2 0.1 -1.9 -0.0 0.0 0.0 0.0 -0.2 -0.1 0.0 0.2 -0.17
1942 0.0 0.1 -0.2 0.0 0.0 -0.2 0.2 0.0 -0.5 -0.1 -0.1 -0.1 -0.08
1943 -0.0 -0.4 -0.1 0.0 0.0 0.0 -0.0 0.0 20.0 15.5 0.4 0.4 2.69
1944 0.4 0.5 0.4 0.9 -4.8 -0.2 0.2 0.1 7.6 4.1 3.8 0.4 1.23
1945 0.5 0.3 0.2 0.5 -3.4 -0.5 0.0 0.0 6.6 1.7 5.7 0.1 0.79
1946 0.2 0.1 -2.7 0.2 -0.8 -0.9 0.1 0.1 4.9 -0.0 4.9 0.1 0.39
1947 0.2 0.2 0.1 0.4 0.4 0.2 -0.1 -0.2 -0.3 -0.3 -0.1 -0.1 0.08
1948 -0.0 0.0 0.1 -0.0 -0.3 0.2 -0.0 0.0 -0.1 -0.1 -0.1 -0.1 -0.03
1949 -0.0 -0.0 0.0 0.2 0.3 -0.1 -0.2 -0.3 5.7 -0.1 -0.2 -0.1 0.41
1950 -0.0 0.0 0.0 0.1 -4.6 2.6 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.34
1951 -0.1 -0.0 -4.6 -0.0 -0.0 -0.2 -0.0 -0.0 1.8 1.1 -0.0 2.9 -0.02
1952 0.0 0.0 -5.3 -0.1 -0.1 0.0 0.0 0.0 -0.4 -0.1 -0.1 -0.1 -0.61
1953 -0.0 -0.1 -0.5 -0.0 -0.1 -0.2 -0.0 0.0 6.9 11.8 0.1 0.2 1.79
1954 0.2 0.2 0.2 -12.8 -0.2 0.3 -0.0 -0.1 2.4 1.1 -0.1 3.6 -0.47
1955 0.0 0.0 -3.4 -3.8 -1.1 -2.5 -0.2 -0.2 4.3 -0.2 -0.2 -0.1 -0.86
1956 -0.0 0.0 -0.1 10.0 0.1 -0.0 0.1 0.2 0.6 -0.0 -0.0 -0.0 1.18
1957 -0.1 1.5 1.3 -0.1 -0.2 -0.1 -0.0 0.1 11.5 0.1 5.7 6.2 2.20
1958 0.2 0.2 -2.7 -3.6 -0.1 -0.1 0.0 0.0 -0.4 -0.1 -0.1 -0.0 -0.66
1959 -0.1 0.0 -0.0 -0.1 -0.1 1.2 -0.1 -0.1 11.8 7.7 0.1 0.2 1.36
1960 0.3 0.3 0.2 0.6 0.4 0.2 0.0 -0.0 0.0 -0.2 -0.1 -0.0 0.19
1961 0.1 0.1 0.1 0.2 -2.0 2.2 -0.2 -0.3 -0.1 -0.3 -0.1 -0.1 -0.07
1962 0.0 0.0 0.0 0.2 -3.0 -0.0 -0.0 -0.1 11.6 5.3 0.1 3.5 1.29
1963 0.1 0.1 -3.3 -2.7 0.1 0.5 0.1 -0.0 0.7 -0.1 0.2 0.1 -0.39
1964 0.8 -2.5 0.3 -0.1 -0.1 -0.4 -0.2 -0.3 9.0 8.0 0.1 0.1 0.77
1965 0.2 0.2 -0.0 -3.8 0.0 -0.1 0.1 0.1 3.2 0.0 0.0 2.8 0.06
1966 2.5 -3.1 -1.5 0.2 0.1 -0.2 0.0 -0.1 5.6 5.4 0.0 0.1 0.41
1967 0.2 0.1 -7.9 -0.1 -0.1 0.1 0.0 0.0 -0.6 -0.2 -0.1 -0.1 -0.81
1968 -0.1 -0.0 -0.4 -0.1 -0.0 -0.3 -0.1 -0.2 11.2 10.4 0.1 0.2 1.36
1969 0.3 0.2 0.1 -5.3 0.0 0.0 0.0 0.0 0.0 -0.1 -0.0 -0.0 -0.56
1970 -0.0 -0.1 -0.1 0.0 0.0 -0.1 0.0 0.0 9.5 7.9 0.2 0.3 1.46
1971 0.3 0.2 -1.2 0.4 -0.8 -0.3 0.1 0.1 2.8 0.0 0.0 0.0 0.12
1972 0.1 1.5 -1.3 0.7 -0.0 0.2 -0.1 -0.1 9.2 7.8 0.1 0.2 1.22
1973 0.3 0.1 -4.7 -0.2 0.0 0.1 0.0 0.0 4.9 1.0 4.4 0.0 0.33
1974 0.1 -3.1 -0.1 0.1 -0.0 0.1 0.0 0.1 3.0 -0.5 0.1 0.1 -0.04
1975 0.1 0.6 0.0 -1.2 -0.0 0.0 -0.1 -0.0 -0.5 1.6 -0.1 0.2 0.08
1976 -0.1 0.0 0.0 -0.1 -0.6 7.2 -0.1 -0.3 18.4 0.1 0.2 0.3 1.75
1977 0.4 0.5 0.5 1.2 0.2 -1.0 -0.2 -9.8 -0.6 -0.9 -0.6 -0.4 0.05
1978 -0.1 -0.1 -0.0 -0.2 -3.1 -0.9 0.0 0.0 -0.1 -0.3 -0.2 -0.1 -0.60
1979 -0.1 -0.1 -0.1 -0.1 11.6 -0.1 0.1 0.1 0.0 15.6 17.5 0.4 3.23
1980 0.4 0.4 -1.2 -1.2 0.0 0.0 0.1 0.0 4.0 4.9 0.0 0.0 0.42
1981 0.1 0.2 0.1 -11.1 -0.2 0.4 -0.1 -0.3 3.5 3.3 -0.1 -0.0 -0.29
1982 0.0 0.0 -2.1 -0.0 -0.0 0.0 0.0 0.0 -0.4 -0.2 -0.1 -0.1 -0.27
1983 -0.1 -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.2 -0.1 -0.2 -0.08
1984 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.1 14.8 8.1 4.4 0.3 3.16
1985 0.4 0.2 -3.4 1.0 -2.9 1.1 0.0 -0.0 1.7 1.6 -0.0 0.0 -0.16
1986 0.1 0.1 0.1 -7.8 0.0 0.0 0.0 0.0 3.8 5.6 -0.0 0.0 -0.19
1987 0.0 0.1 0.1 0.2 -4.4 0.7 -0.3 -0.5 6.3 -0.2 -0.1 -0.1 0.10
1988 0.0 0.0 0.0 -10.3 -15.4 -8.1 -1.1 -1.4 -0.7 -0.8 -1.1 -0.8 -3.58
1989 -0.5 -0.4 -0.3 -0.3 -1.5 0.1 -0.4 -0.7 -0.5 -0.5 -0.3 -0.3 -0.33
1990 -0.2 -0.2 -0.1 -0.0 0.1 -0.1 -0.5 -0.7 -0.4 -0.6 -0.7 -0.3 -0.23
1991 -0.1 -0.1 -0.1 -0.7 -1.3 0.8 -0.4 -0.9 -1.1 -1.3 -0.9 -0.5 -0.14
1992 -0.2 -0.3 -0.2 -0.1 -0.1 0.8 -0.5 -1.0 -0.6 -1.0 -1.4 -0.6 -0.17
1993 -0.3 -0.3 -0.5 -2.8 -0.2 0.1 -0.0 0.0 -0.4 -0.2 -0.1 -0.1 -0.51
1994 -0.1 -0.1 -0.0 0.0 -2.0 -0.1 -0.3 -0.3 9.4 19.8 0.2 0.3 1.65

Minimum -0.5 -3.1 -7.9 -12.8 -15.4 -8.1 -1.1 -9.8 -1.1 -1.3 -1.4 -0.8 -3.6
Average 0.1 -0.0 -0.7 -1.1 -1.0 0.2 -0.1 -0.3 3.8 2.2 0.8 0.3 0.28

Maximum 2.5 1.5 1.3 10.0 11.6 13.4 0.3 0.2 20.0 19.8 17.5 6.2 3.2

Note: Difference is Proposed Project minus No-Project.



_______________

Note:  S = Significant; SU = Significant and unavoidable; LTS = Less than significant; B = Beneficial.

Table 3C-32.  Comparison between Delta Wetlands Project Impacts on Water Quality
in the 1995 DEIR/EIS and the 2000 REIR/EIS

Page 1 of 5
Impacts and Mitigation Measures of
1995 DEIR/EIS Alternatives 1 and 2 Comparison between 1995 DEIR/EIS and 2000 REIR/EIS

CHAPTER 3C.  WATER QUALITY

Impact C-1:  Salinity (EC) Increase at Chipps Island
during Months with Applicable EC Objectives (S)

C Mitigation Measure C-1:  Restrict DW Diversions to
Limit EC Increases at Chipps Island (LTS)

Salinity Increase at Chipps Island.  As a result of incorporating the FOC terms into
proposed project operations, estimated project effects on EC concentrations at Chipps
Island are less than those reported in the 1995 DEIR/EIS.  Simulated changes in EC
concentrations do not exceed the significance criteria.  Therefore, this impact is
considered less than significant, and no mitigation is required. (LTS)

Impact C-2:  Salinity (EC) Increase at Emmaton during
April-August (S)

C Mitigation Measure C-2:  Restrict DW Diversions to
Limit EC Increases at Emmaton (LTS)

Salinity Increase at Emmaton and Jersey Point.  Estimated effects of project
diversions on EC at these locations are less than those reported in the 1995 DEIR/EIS. 
The EC significance criterion of a 20% change from No-Project Alternative
conditions would still be exceeded; such exceedances would be infrequent.  As
reported in the 1995 DEIR/EIS, this impact is considered significant.  (S)

The same mitigation is recommended to reduce this impact to a less-than-significant
level.  (LTS)

Impact C-3:  Salinity (EC) Increase at Jersey Point
during April-August (S)

C Mitigation Measure C-3:  Restrict DW Diversions to
Limit EC Increases at Jersey Point (LTS)

Impact C-4:  Salinity (Chloride) Increase in Delta
Exports (S)

C Mitigation Measure C-4:  Restrict DW Diversions or
Discharges to Limit Chloride Concentrations in Delta
Exports (LTS)

Salinity Increase in Delta Exports.  As a result of incorporating the FOC terms into
proposed project operations, estimated project effects on EC concentrations at these
locations are less than those reported in the 1995 DEIR/EIS.  Simulated changes in EC
concentrations do not exceed the significance criteria.  Therefore, this impact is
considered less than significant, and no mitigation is required. (LTS)



Table 3C-32.  Continued
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Impacts and Mitigation Measures of
1995 DEIR/EIS Alternatives 1 and 2 Comparison between 1995 DEIR/EIS and 2000 REIR/EIS

_______________

Note:  S = Significant; SU = Significant and unavoidable; LTS = Less than significant; B = Beneficial.

Impact C-5:  Elevated DOC Concentrations in Delta
Exports (CCWD Rock Slough, SWP Banks, CVP Tracy)
(S)

C Mitigation Measure C-5: Restrict DW Discharges to
Prevent DOC Increases of Greater Than 0.8 mg/l in
Delta Exports (LTS)

Increases in DOC Concentrations in Delta Exports.  Changes in DOC
concentrations of greater than 0.8 mg/l were simulated under the initial-fill and long-
term DOC loading assumptions.  As reported in the 1995 DEIR/EIS, this impact is
considered significant. (S)

The same mitigation is recommended to reduce the impact to a less-than-significant
level. (LTS)

Impact C-6:  Elevated THM Concentrations in Treated
Drinking Water from Delta Exports (CCWD Rock
Slough, SWP Banks, CVP Tracy) (S)

C Mitigation Measure C-6:  Restrict DW Discharges
to Prevent Increases of More Than 20 Fg/l in THM
Concentrations or THM Concentrations of Greater
than  90 Fg/l in Treated Delta Export Water (LTS)

Increase in THM Concentrations in Treated Drinking Water.  Where project
operations were simulated to result in monthly increases of THM concentrations in
treated water, the increases were almost always less than the criterion of 16 Fg/l. 
These results are similar to those predicted in the 1995 DEIR/EIS in which the largest
monthly increase was less than the previous criterion of 20 Fg/l.  Effects on THM
concentrations are considered a significant impact because the 20% change threshold
would be exceeded in some months. (S)

The mitigation measure has been revised to reflect the new standards for THM. 
Implementation would be the same as described in the 1995 DEIR/EIS except for the
difference in the numerical thresholds:

C Restrict Delta Wetlands Discharges to Prevent Increases of More Than 16 Fg/l in
THM Concentrations or THM Concentrations of Greater than 72 Fg/l in Treated
Delta Export Water (LTS)

Impact C-7:  Changes in Other Water Quality Variables
in Delta Channel Receiving Waters (S)

C Mitigation Measure C-7:  Restrict DW Discharges
to Prevent Adverse Changes in Delta Channel Water
Quality (LTS)

These effects were not reassessed in the REIR/EIS.  Project effects on temperature
and dissolved oxygen have been addressed through the Endangered Species Act
consultation process, and no new information on other variables (e.g., suspended
sediment and chlorophyll) has been presented.



Table 3C-32.  Continued
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Impacts and Mitigation Measures of
1995 DEIR/EIS Alternatives 1 and 2 Comparison between 1995 DEIR/EIS and 2000 REIR/EIS

_______________

Note:  S = Significant; SU = Significant and unavoidable; LTS = Less than significant; B = Beneficial.

Impact C-8:  Potential Contamination of Stored Water
by Pollutant Residues (S)

C Mitigation Measure C-8:  Conduct Assessments of
Potential Contamination Sites and Rededicate as
Necessary (LTS)

This potential project effect was not reassessed in the REIR/EIS.  The impact and
mitigation remain the same as presented in the 1995 DEIR/EIS.

Cumulative Impacts

Impact C-17:  Salinity (EC) Increase at Chipps Island
during Months with Applicable EC Objectives under
Cumulative Conditions (S)

C Mitigation Measure C-1:  Restrict DW Diversions to
Limit EC Increases at Chipps Island (LTS)

Increase in Salinity under Cumulative Conditions.  The proposed project would be
operated in fewer years under cumulative conditions than under existing conditions
because of limited availability of water for Delta Wetlands diversions.  However, it is
assumed under the cumulative future scenario that export pumping capacity at Banks
Pumping Plant would be greater.  Therefore, simulated exports are greater in several
years than under the proposed project.

Impact C-18:  Salinity (EC) Increase at Emmaton during
April-August under Cumulative Conditions (S)

Changes in water quality conditions under cumulative future conditions would be
similar to those described for the proposed project and therefore would be smaller
than the changes described for cumulative conditions in the 1995 DEIR/EIS.

Changes in project operations resulting from the FOC terms reduce the impact on
salinity at Chipps Island and in Delta exports to less-than-significant levels. (LTS)

Effects on EC at Emmaton and Jersey Point are still considered a significant impact. 
(S)

The same mitigation is recommended to reduce these impacts to less-than-significant
levels.  (LTS)

C Mitigation Measure C-2:  Restrict DW Diversions to
Limit EC Increases at Emmaton (LTS)

Impact C-19:  Salinity (EC) Increase at Jersey Point
during April-August under Cumulative Conditions (S)

C Mitigation Measure C-3:  Restrict DW Diversions to
Limit EC Increases at Jersey Point (LTS)

Impact C-20:  Salinity (Chloride) Increase in Delta
Exports under Cumulative Conditions (S)

C Mitigation Measure C-4:  Restrict DW Diversions or
Discharges to Limit Chloride Concentrations in Delta
Exports (LTS)
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Impacts and Mitigation Measures of
1995 DEIR/EIS Alternatives 1 and 2 Comparison between 1995 DEIR/EIS and 2000 REIR/EIS

_______________

Note:  S = Significant; SU = Significant and unavoidable; LTS = Less than significant; B = Beneficial.

Impact C-21:  Elevated DOC Concentrations in Delta
Exports (CCWD Rock Slough, SWP Banks, CVP Tracy)
under Cumulative Conditions (S)

Increase in DOC Concentrations in Delta Exports under Cumulative Conditions.
Because DOC loads are proportional to period of storage, it is possible that DOC
loads under cumulative conditions could be somewhat less than for the proposed
project because greater export pumping capacity would provide more frequent
opportunities for discharge of Delta Wetlands Project water.  However, as reported in
the 1995 DEIR/EIS, the significance criteria would be exceeded in some years, so the
impact is considered significant.  (S)

C Mitigation Measure C-5:  Restrict DW Discharges
to Prevent DOC Increases of Greater Than 0.8 mg/l in
Delta Exports (LTS)

The same mitigation is recommended to reduce the impact to a less-than-significant
level. (LTS)

Impact C-22:  Elevated THM Concentrations in Treated
Drinking Water from Delta Exports (CCWD Rock
Slough, SWP Banks, CVP Tracy) under Cumulative
Conditions (S)

C Mitigation Measure C-6:  Restrict DW Discharges
to Prevent Increases of More Than 20 Fg/l in THM
Concentrations or THM Concentrations of Greater
than 90 Fg/l in Treated Delta Export Water (LTS)

Increase in THM Concentrations in Treated Drinking Water under Cumulative
Conditions.  Changes would be similar to those described for the proposed project. 
Because DOC loads are proportional to period of storage, it is possible that DOC
loads under cumulative conditions could be somewhat less than for the proposed
project and that changes in THM concentrations in treated water would be less than
for the proposed project.  However, the impact is significant. (S)

C Restrict Delta Wetlands Discharges to Prevent Increases of More Than 16 Fg/l in
THM Concentrations or THM Concentrations of Greater than 72 Fg/l in Treated
Delta Export Water (LTS)

Impact C-23:  Changes in Other Water Quality Variables
in Delta Channel Receiving Waters under Cumulative
Conditions (S)

See discussion of Impact C-7 above.

CCCC Mitigation Measure C-7:  Restrict DW Discharges
to Prevent Adverse Changes in Delta Channel Water
Quality (LTS)
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Impacts and Mitigation Measures of
1995 DEIR/EIS Alternatives 1 and 2 Comparison between 1995 DEIR/EIS and 2000 REIR/EIS

_______________

Notes:

Impacts C-9 through C-16 of the 1995 DEIR/EIS describe impacts of Alternative 3, the four-reservoir-island alternative.  
There is no change to the assessment of Alternative 3; therefore, the impacts and mitigation measures have not changed.  

S = Significant; SU = Significant and unavoidable; LTS = Less than significant; B = Beneficial.
   

Impact C-24:  Increase in Pollutant Loading in Delta
Channels (SU)

No change from 1995 DEIR/EIS.

CCCC Mitigation Measure C-9:  Clearly Post Waste
Discharge Requirements, Provide Waste Collection
Facilities, and Educate Recreationists regarding
Illegal Discharges of Waste (SU)



Figure 3C-1
Agricultural Drainage Returns in the Delta

and MWQI Sampling Locations

Jones & Stokes



Figure 3C-2
D-1485 Water Quality Monitoring LocationsJones & Stokes
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Relationship between Simulated End-of-Month and

Measured Mean Monthly EC at Greene's Landing
and Sacramento River Flow for 1968-1991
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Relationship between EC and Concentrations of Chloride and Bromide in the
Sacramento River at Greene's Landing (1982-1991 MWQI Monthly Samples)
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Relationship between EC and Concentrations of Chloride and Bromide in the
San Joaquin River at Vernalis (1982-1991 MWQI Monthly Samples)
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Figure 3C-8
Potential Contaminant Sites on the Delta Wetlands Project IslandsJones & Stokes
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Comparison of Average Monthly Measured EC
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Comparison of Average Monthly Measured EC

at Emmaton with RMA and DeltaDWQ
Model Simulations for 1968-1991
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Comparison of Average Monthly Measured EC

at Jersey Point with RMA and DeltaDWQ
Model Simulations for 1968-1991
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at the CCWD Rock Slough Diversion with RMA
and DeltaDWQ Model Simulations for 1968-1991
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Comparison of EC at Chipps Island and EC

at Emmaton Simulated for the No-Project Alternative
and for Historical Outflows for 1968-1991
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Comparison of EC at Jersey Point and Chloride in

Delta Exports Simulated for the No-Project Alternative
and for Historical Outflows for 1968-1991
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Simulated End-of-Month EC Values and Predicted

Changes in EC at Chipps Island and Emmaton
under Alternative 1 Operations for 1968-1991
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Concentration in Delta Exports under Alternative 1
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Jones & Stokes Figure 3C-20
Simulated End-of-Month EC Values and Predicted

Changes in EC at Chipps Island and Emmaton under
Alternative 2 Operations for 1968-1991
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Jones & Stokes Figure 3C-21
Simulated End-of-Month Values for and Predicted

Changes in Jersey Point EC and Export Chloride
under Alternative 2 Operations for 1968-1991
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Jones & Stokes Figure 3C-22
Simulated Inflow DOC and Final THM

Concentration in Delta Exports under Alternative 2
Compared with the No-Project Alternative
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Jones & Stokes Figure 3C-23
Simulated End-of-Month EC Values and Predicted

Changes in EC at Chipps Island and Emmaton under
Alternative 3 Operations for 1968-1991
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Jones & Stokes Figure 3C-24
Simulated End-of-Month Values for and Predicted

Changes in Jersey Point EC and Export Chloride
under Alternative 3 Operations for 1968-1991
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Jones & Stokes Figure 3C-25
Simulated Inflow DOC and Final THM Concentration

in Delta Exports under Alternative 3 Compared with the
No-Project Alternative



0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

Water Year

EC
 (µ

S/
cm

)

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sacramento River San Joaquin River SWP Banks

CVP Tracy CCWD Rock Slough

Jones & Stokes Figure 3C-26
1984-1998 MWQI Monthly EC Values from the Sacramento

and San Joaquin Rivers and at Delta Export Locations
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Jones & Stokes Figure 3C-27
Relationship between Measured Mean Monthly EC at Greene's

Landing and Sacramento River Flow for 1968-1998
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Jones & Stokes Figure 3C-28
Relationship between Measured Mean Monthly EC at

Vernalis and San Joaquin River Flow for 1968-1998
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Jones & Stokes Figure 3C-29
1984-1998 MWQI Monthly Cl  Values from the Sacramento

and San Joaquin Rivers and at Delta Export Locations
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Jones & Stokes Figure 3C-30
1984-1998 MWQI Monthly Cl  :EC Ratio Values from the

Sacramento and San Joaquin Rivers and at Delta Export Locations
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Jones & Stokes Figure 3C-31
1984-1998 MWQI Monthly Br  :Cl  Ratio Values from the

Sacramento and San Joaquin Rivers and at Delta Export Locations
--
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Jones & Stokes Figure 3C-32
1984-1998 MWQI Monthly DOC Values from the Sacramento

and San Joaquin Rivers and at Delta Export Locations
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Jones & Stokes Figure 3C-33
DOC and Cl  Compared to EC Values in 1984-1998

Monthly Sacramento and San Joaquin River Samples
-
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Jones & Stokes Figure 3C-34
1984-1998 MWQI Monthly C-THM Values from the Sacramento

and San Joaquin Rivers and at Delta Export Locations
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Jones & Stokes Figure 3C-35
1984-1998 MWQI Monthly C-THM:DOC Ratio Values from the

Sacramento and San Joaquin Rivers and at Delta Export Locations



Figure 3C-36
General THM Prediction ModelJones & Stokes
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Jones & Stokes Figure 3C-37
1984-1998 MWQI Monthly UVA:DOC Ratio Values from the

Sacramento and San Joaquin Rivers and at Delta Export Locations
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Jones & Stokes Figure 3C-38
Simulated No-Project Chipps Island EC Compared to Historical EC Data
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Jones & Stokes Figure 3C-39
Simulated No-Project Emmaton EC Compared to Historical EC Data
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Jones & Stokes Figure 3C-40
Simulated No-Project Jersey Point EC Compared to Historical EC Data
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Jones & Stokes Figure 3C-41
Comparison of Simulated No-Project Export EC

with Historical MWQI Export EC Values
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Estimated Export Cl  Concentration for No-Project

and Historical CCWD Rock Slough Cl  Values
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Note:  CCWD data not available for 1993-1994.
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Jones & Stokes Figure 3C-43
Simulated No-Project Delta Export DOC Concentrations

with MWQI Drainage DOC Measurements
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Jones & Stokes Figure 3C-44
Simulated Treated Water THM Concentration

for the No-Project Condition
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Jones & Stokes Figure 3C-44
Simulated Treated Water THM Concentration

for the No-Project Condition
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Jones & Stokes Figure 3C-45
Simulated Export DOC and Delta Wetlands Reservoir Island Storage

DOC with Assumed Long-Term DOC Load (1 g/m2/mo)



0

5

10

15

20

25

 Water Year

D
O

C
 (m

g/
l)

72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94

Delta Wetlands Island Storage DOC Simulated Export DOC

Jones & Stokes Figure 3C-46
Simulated Export DOC and Delta Wetlands Reservoir Island
Storage DOC with Assumed Initial DOC Load (4 g/m2/mo)
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Jones & Stokes Figure 3C-47
Simulated Export DOC and Delta Wetlands Reservoir Island Storage

DOC with Assumed High Initial DOC Load (9 g/m2/mo)


