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1. Introduction

The proposed River Islands at Lathrop (“River Islands™) Project is located within the City of
Lathrop in San Joaquin County, CA. River Islands is a 5,000 acre mixed-use master planned
community located on Stewart Tract, a high ground island (the interior of the island is above sea
level) located in the Secondary Zone of the San Joaquin/Sacramento Delta. Stewart Tract is
adjacent to the Paradise Cut Flood Bypass (“Paradise Cut”) which was designed to divert flood
waters away from urban areas along the San Joaquin River to the San Francisco Bay. Paradise
Cut is part of the San Joaquin River Flood Control Project levee system. The flow split between
the San Joaquin River and the Paradise Cut is not functioning as envisioned by the original
design by the United States Army Corps of Engineers (USACE). The existing channel
configuration sends more water down the San Joaquin River to the urban areas than the original
design intent of the federal project. The federal project is not functioning as intended by the
USACE design. This condition is attributable to the limited hydraulic modeling capabilities at
the time of the project design and/or changes in the channel geometry that may have occurred
since the project was constructed. This issue is discussed in greater detail in Section 4.

The proposed project would enlarge and improve portions of Paradise Cut by setting back the
right bank levee and excavating a portion of the floodway just downstream of the Paradise Weir.
These features would improve the hydraulic efficiency of the Paradise Cut, allowing additional
flood flows through the channel, which will help to restore the original design flow split.

River Islands is divided into two phases. Phase 1 includes approximately 40% of the
development area and is not subject to any additional Federal actions. Infrastructure for Phase 1
is currently under construction. Phase 2 requires a Section 404 permit for the fill of wetlands and
waters of the United States, Section 10 Rivers & Harbors Act approvals (e.g. bridges), and
authorization under 33 U.S.C. 408 for the approval of alterations to the Federal Project Levees.

The USACE is currently preparing an Environmental Impact Statement (EIS) for River Islands
that will include a hydraulic impact analysis associated with the proposed project. This analysis
will include both a traditional deterministic analysis, as well as a Risk Analysis, as required by
the USACE to support the Section 408 Summary Report. The “Ground Rules” for the Risk
Analysis are included as Attachment A; documentation of the Risk Analysis is included in
Attachment B (River Islands at Lathrop, Hydraulic Analysis in Support of Risk Based Hydraulic
Impact Analysis) and Attachment C (Conditional Risk Analysis for the River Islands at Lathrop
Project).

2. Hydraulic Simulation Model

A HEC-RAS computer simulation model of the lower San Joaquin River (LSJR Model) was
used to perform hydraulic analyses. HEC-RAS is a computer program developed by the USACE
Hydrologic Engineering Center that performs one-dimensional steady and unsteady hydraulic
calculations for a full network of natural and constructed channels. Version 4.1 of HEC-RAS
was used for this analysis. The LSJR Model was calibrated using the January 1997 flood event
and the February 1998 high flow event. The development, calibration, and verification of the
model are described in detail in the MBK Engineers report “Lower San Joaquin River (LSJR)
HEC-RAS Hydraulic Computer Simulation Model Development, Calibration and Verification”,
dated January 27, 2006 (MBK 2006a). MBK 2006a presents a calibration simulation and results
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from the HEC-RAS version 3.1.3 version of the LSJR model and has not yet been updated to
incorporate the current HEC-RAS version 4.1 model. However, maximum water surface
elevation profiles have been prepared showing the HEC-RAS version 4.1 model results and
comparing these to the version 3.1.3 model. These updated calibration water surface elevation
profiles are provided in Attachment D.

The LSJR Model study area includes the San Joaquin River from Vernalis to the Stockton Deep
Water Channel; Old River from the San Joaquin River to the west end of Fabian Tract near
Clifton Court Forebay; Middle River from Old River to Highway 4; and the entirety of Paradise
Cut, Salmon Slough and Grant Line Canal. A schematic of the LSIJR Model river reaches is
provided in Figure 1.

The vertical datum used for the hydraulic model is National Geodetic Vertical Datum of 1929
(NGVD29). All elevation results presented herein have been converted to North American
Vertical Datum of 1988 (NAVDA88) by adding 2.4 feet to the NGVD29 elevation. The
conversion factor was determined by Carlson, Barbee and Gibson, Inc., as documented in
Attachment E.
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3. Hydrology

The hydrologic data used for the analysis consists of flow data at the upstream model boundary
and stage data at the downstream boundaries. The upstream boundary flow data was extracted
from hydraulic simulations of the San Joaquin River and tributaries UNET model developed by
USACE as part of the Sacramento and San Joaquin River Basin Comprehensive Study (Comp
Study) (USACE 2002). USACE performed simulations for two levee performance scenarios: 1)
levees overtop without failing, and 2) levees fail when water reaches the “Likely Failure Point,”
which is defined by USACE as the 50% probability of failure elevation. The upstream boundary
flows used in LSJR Model simulations were selected from Comp Study San Joaquin River
UNET Model simulations with similar levee performance assumptions. That is, the upstream
boundary flows in LSJR Model simulations in which levees are assumed to overtop without
failing came from Comp Study San Joaquin River UNET Model simulations that assumed levees
overtop without failing. Since USACE did not simulate a top of levee failure scenario, MBK set
up and ran simulations of the “Likely Failure Point” Comp Study UNET model with levee
failure trigger elevations changed to the top of levee elevation to produce upstream flow
hydrographs for the LSJR Model top of levee failure simulations. The first scenario provides the
basis for the risk based hydraulic impact analysis as outlined in Attachment A. This scenario is
an extreme, deterministic assumption preferred by many design engineers and routinely used
prior to the development of Risk Analysis procedures. The second scenario as modified by MBK
provides a realistic analysis of the impacts levee failures have on the system hydraulics. For
example, during the 1997 flood over 30 levee failures occurred in the San Joaquin River levee
system. The 1997 flood has a probability slightly greater than a 100-year flood (also known as
the 1-in-100 annual exceedance probability (AEP) flood). The levee system is essentially the
same now as it was in 1997, therefore a significant number of levee failures can be expected for
floods equal to or greater than the 100-year flood because the levee system was designed for a
50-year flood.

The Comp Study hydraulic analysis included simulations of a number of storm centerings that
were designed to stress the flood control system at specific locations. The River Islands
hydraulic analysis used flow data from the Comp Study simulation of the San Joaquin River
Mainstem at Latitude of Vernalis storm centering

The San Joaquin River Comp Study hydrologic data set contains flow data for the following
flood frequencies: 10-year (1-in-10 AEP), 25-year (1-in-25 AEP), 50-year (1-in-50 AEP), 100-
year (1-in-100 AEP), 200-year (1-in-200 AEP), and 500-year (1-in-500 AEP).

Simulation results for the 50-year, 100-year, 200-year, and 500-year flood events are presented
in this report. A summary table of the peak flows at the latitude of Vernalis for the simulated
flood events is provided in Table 1. For comparison, peak flows from a table provided by
USACE from the draft Lower San Joaquin River Feasibility Study are also included.

MBK Engineers 3
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



Table 1. Summary and Comparison of Peak Flows at Latitude of Vernalis

Peak Flow at Latitude of Vernalis (cfs)
Source Levee Scenario 50-year 100-year 200-year 500-year
River Is_Iar_1ds Tpp of levee failure 43,600 71,000 110,300 162.800
hydraulic impact | trigger
analysis Overtop without failure 47,700 78,100 144,400 224,000
Infinite Levee 58,400 90,800 145,500 233,700
Overtop without failure 47,700 78,200 144,500 224,100
USACE “Likely failure point”
trigger 50,300 77,300 113,300 166,600

4. Paradise Weir Deficiencies

The Paradise Weir does not currently function as originally intended. The original design
(USACE 1955) indicated that 15,000 cubic feet per second (cfs) of the design flow of 52,000 cfs
in the San Joaquin River would be diverted to Paradise Cut. Simulation of the 52,000 cfs design
flow with the LSJIR HEC-RAS model indicates that approximately 13,400 cfs will be diverted to
Paradise Cut. This deficiency appears to be due to differences in the San Joaquin River stage at
Paradise Weir and not due to any maintenance issues in Paradise Cut. The design flood plane
elevation at Paradise Weir is 25.0 ft. (NGVD29) (USACE 1955); whereas, the water surface
elevation at Paradise Weir computed by the LSIJR HEC-RAS model is 23.3 ft. (NGVD29) (see
Figure 2). Itis stated in USACE 1955 that water begins to flow into Paradise Cut when the flow
in the San Joaquin River is about 14,000 cfs. Recent observations of actual flood flows,
supported by LSJR model simulations, indicate that flow into Paradise Cut does not start until
the flow in the San Joaquin River is closer to 18,000 cfs.

The actual system performance has shown that river stages have been significantly lower than
was anticipated by the USACE design engineers in 1955. It is possible that the San Joaquin
River thalweg has lowered over time due to scour. It is also possible that the Manning’s n
roughness coefficients assumed in the 1955 analysis were too high, resulting in an over-
estimation of the water surface elevation in the San Joaquin River at the Paradise Weir. In
addition, the 1955 analysis was likely based on hand calculated step-backwater calculations with
limited geometric (i.e., cross-section) data and limited observed flood stage data for calibration.
The LSIR HEC-RAS model includes detailed geometric data as well as streamgage and high
water mark data from multiple flood events that are the basis for calibration of the model.
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Figure 2. San Joaquin River Profile, Federal Project Design Discharge

5. Study Scenarios

The analysis was performed for four scenarios:

1)

2)

3)

4)

MBK Engineers

Base Condition (“Base”): System prior to construction of the River Islands interior levees
that form the Phase 1 protected area shown in Figure 3.

Existing Condition (“Existing”): This scenario includes the existing levee alignments and
channel geometry for Stewart Tract and the surrounding area, as shown in Figure 3.
Approximately 25% of the project area has already been removed from the 100-year
floodplain to allow for development. This Phase 1 levee system was constructed in 2006
and recently accredited by FEMA.

Modified Condition, Cumulative with No Federal Action (“No Action™): This scenario
evaluates hydraulic impacts for flood protection which could be built without triggering a
Federal action. This scenario consists of a FEMA accredited interior levee that does not
come in contact with Federal Project levee or any waters of the U.S., as shown in Figure 4.
Urban levees are assumed to have a minimum of three feet of freeboard on the 200-year
flood event.

Modified Condition, Cumulative With Project (“With Project”): This scenario includes the
improvements for River Islands, as described in “Lower San Joaquin River HEC-RAS
Model, Modeling of River Islands at Lathrop Post-Project Conditions”, dated May 10, 2006
(MBK 2006b), with the following changes: the proposed “back-bays” on Old River,
designated as OR1 through OR7 in MBK 2006b, have been removed: a setback of the Old
River left levee between Middle River and Paradise Cut has been added. The “With
Project” alternative is shown in Figure 5. Urban levees are assumed to have a minimum of
three feet of freeboard on the 200-year flood event.

River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



In all scenarios, it is assumed that all of the San Joaquin River Flood Control Project (SJRFCP)
levees are in compliance with minimum design freeboard requirements. That is, if existing top
of levee elevation data indicated that a levee is freeboard deficient relative to the SJRFCP design
flood plane (1955 Profile), the hydraulic model was modified to increase the top of levee to meet
the minimum authorized height. The USACE requires the local sponsors to maintain the original
design levee profile. Therefore any levee elevation deficiencies will be rectified during the
normal maintenance activities.

Figure 3. Existing Scenario

Figure 4. No Action Scenario
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Figure 5. With Project Scenario
6. Analysis

All of the reaches in the Lower San Joaquin River HEC-RAS model have levees on both sides of
the river. The levees on the San Joaquin River, Paradise Cut, and Old River above Sugar Cut are
Federal Project levees and have a design elevation that is based on a flood event with an
estimated recurrence interval of approximately 50 years (1955 Profile) or a 1-in-50 AEP. In the
hydraulic analysis, an assumption had to be made with regard to how levees will perform when
subjected to flood events greater than the system design, which in this analysis are the 100-year,
200-year, and 500-year flood events. USACE guidance for risk analysis (e.g. EM 1110-2-1619
and ER 1105-2-101) does not specify levee performance criteria for risk analysis. A
demonstration application of risk based hydraulic impact analysis performed by West
Consultants, Inc. for the USACE (WEST 2009) used the assumption that levees would fail if
overtopped by 1 foot of water for 3 hours. However, the procedure developed in coordination
with the USACE for the risk based hydraulic impact analysis for the Natomas Levee
Improvement Project, which is the basis of the procedure outlined in Attachment A, specified
that the analysis would assume that levees overtop without failing. Based on hydraulic model
simulations with Comp Study hydrology, the lower San Joaquin River levees do not overtop in
the 50-year flood event, experience some overtopping in the 100-year event, and experience
significant overtopping in the 200-year and 500-year flood events. There are approximately 52
miles of levee on the San Joaquin River, Old River, and Paradise Cut at and upstream of Stewart
Tract. Almost 20 out of the 52 miles of levee are overtopped in the 200-year flood event and 29
miles of levee are overtopped in the 500-year flood event. The extent of overtopping, along with
maximum depth of overtopping, are summarized in Tables 2 and 3. Maps showing the extent of
overtopping are provided in Attachment F. Clearly numerous levee failures would result from
such massive levee overtopping. Given these conditions, increases in water surface elevations
within the river channels for the 200-year and 500-year flood events are not the primary indicator
of the change in flood risk, especially when the floodplain adjacent to the levees is already
inundated from upstream levee overtopping and/or failures.
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Deterministic hydraulic analysis results are presented herein for both a likely condition that
levees will fail when water reaches the top of levee and the condition that levees will overtop
without failing as outlined in the risk analysis Ground Rules in Attachment A. The hydraulic
impacts for NEPA purposes are based on the assumption of that levees will fail when water
reaches the top of levee. This has been selected as the “most likely” levee failure assumption.
Historically, levees failures in the study area have occurred below the top of levee. These
failures have been due to geotechnical modes of failure and have occurred with water surface
elevations at varying distances from the top of levee with no documented system wide trends
correlating elevation from top of levee to likely failure. For these reasons, top of levee is
selected as a conservative estimate of when the levee would likely fail based on a geotechnical
mode of failure. In the hydraulic analysis, it is assumed that a levee failure occurs at every
location where the water surface reaches the prescribed failure trigger.

The information on the overtopping without failure analysis is presented for informational
purposes.

Table 2. Length and Depth of Levee Overtopping - Left Levee

Total Length of Overtopped Levee (Maximum Depth of Overtopping)
Reach Reach
Length 50-year 100-year 200-year 500-year
San Joaquin River
. . . 4.4 mi. 6.8 mi.
Vernalis to Paradise Cut 11.4 mi. 0 0 (1.0t (L5 ft.)
. . . 1.5 mi. 1.6 mi.
Paradise Cut to Old River 5.0 mi. 0 0 (3.0t (4.8t
Paradise Cut
. . . 0.6 mi. 1.1 mi.
Paradise Weir to I-5 1.2 mi. 0 0 (2.1 ft) (4.0 ft.)
. <0.1 mi. 0.6 mi.
I-5 to UPRR 0.6 mi. 0 0 (0.3 ft) (2.4 ft)
UPRR to Old River 4.0 mi. 0 0 0 0
Old River
. . . 0.5 mi.
San Joaquin R. to Middle R. 4.1 mi. 0 0 0 (2.0 ft)
Notes:

Side of river is referenced to looking downstream.
From hydraulic model simulations of existing conditions with levees allowed to overtop without failing.
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Table 3. Length and Depth of Levee Overtopping - Right Levee

Total Length of Overtopped Levee (Maximum Depth of Overtopping)
Reach Reach
Length 50-year 100-year 200-year 500-year
San Joaquin River
. . . 0.5 mi. 9.5 mi. 10.6 mi.
Vernalis to Paradise Cut 11.4 mi. 0 (0.3 1t) (2.8 1t) (4.6 ft)
. . . 0.8 mi. 1.0 mi. 1.2 mi.
Paradise Cut to Old River 5.0 mi. 0 (14 1t) (4.4 1t) (6.2 ft)
Paradise Cut
. . . 0.9 mi. 1.2 mi.
Paradise Weir to I-5 1.2 mi. 0 0 (1.4 1t) (3.2 ft)
. 0.2 mi.
I-5 to UPRR 0.6 mi. 0 0 0 (0.6 ft)
. . 1.3 mi. 3.8 mi.
UPRR to Old River 4.0 mi. 0 0 (16 ft) (4.2 1t)
Old River
. . . 0.6 mi. 1.6 mi.
San Joaquin R. to Middle R. 4.1 mi. 0 0 (L4 1t) 2.4 1)
Notes:

Side of river is referenced to looking downstream.
From hydraulic model simulations of existing conditions with levees allowed to overtop without failing.

7. Results

Hydraulic impacts to peak water surface elevations in the river channels were determined at the
Index Points shown in Figure 6. The computed peak water surface elevations and impacts for
the three simulated scenarios are summarized in Table 4 for the assumption that levees will fail
when water reaches the top of the levee and peak water surface elevation profile plots are
provided in Attachment G. Attachment G also includes profile plots of the changes in the
maximum water surface elevations for Existing to With Project and for No Action to With
Project. The peak water surface elevations and water surface elevation profile plots from the
sensitivity analysis that assumed that levees will overtop without failing are provided in Table 7
and in Attachment H.
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Figure 6. Index Point Locations

As previously noted, significant levee overtopping occurs in the 200-year and 500-year flood
simulations resulting in the inundation of adjacent agricultural areas. Under this condition, the
traditional approach of measuring impacts in the river channel needs to be supplemented with an
assessment of impacts in the floodplains. When land adjacent to the channel, but separated from
the channel by a levee, is flooded from either upstream levees overtopping or from an upstream
levee failure, the risk of flooding is no longer related to the adjacent stage in the river channel.
For this reason, changes to peak water surface elevations and flooded area in the floodplain areas
shown in Figure 7 are also presented herein. The peak water surface elevations in the floodplain
and maximum inundation areas for the likely condition, in which levees fail when water reaches
the top of the levee, are summarized in Tables 5 and 6. Study area maps showing inundation
areas for the Existing, With Project, and No Action conditions are provided in Figures 8, 9, and
10, respectively. More detailed inundation maps for the 200-year flood event comparing
Existing and No Action conditions with the With Project condition, with close-up details of areas
with structures, are provided in Attachment . The peak water surface elevations in the
floodplain and maximum inundation areas for the sensitivity analysis in which levees are
assumed to overtop without failing are provided in Tables 8 and 9.
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Table 4. Impact on Maximum Water Surface Elevations in RIVER (Levees Fail When Water Reaches Top of Levee)

Max. Water Surface Elevation (ft. NAVD88?) Change (ft.)
No Cumulative
Existing | Actionto | Existing Base to Base to
No With to No With to With No With
Index Flood Base Existing Action Project Action Project Project Action Action
Point Event [1 [2 [3] [4] [31-[2] [4]-[3] [41-[2] [31-[1] [41-[1]
SJR1 50-yr 28.06 28.06 28.06 27.99 0 -0.07 -0.07 0 -0.07
(RM 100-yr 33.12 33.12 33.12 33.11 0 -0.01 -0.01 0 -0.01
63.24) 200-yr 34.42 34.42 34.42 34.39 0 -0.03 -0.03 0 -0.03
500-yr 34.60 34.60 34.60 34.59 0 -0.01 -0.01 0 -0.01
SJIR2 50-yr 23.49 23.49 23.49 23.35 0 -0.14 -0.14 0 -0.14
(RM 100-yr 28.05 28.05 28.04 28.02 -0.01 -0.02 -0.03 -0.01 -0.03
57.81) 200-yr 30.25 30.25 30.25 30.23 0 -0.02 -0.02 0 -0.02
500-yr 31.06 31.06 31.08 31.38 +0.02 +0.30 +0.32 +0.02 +0.32
SJR3 50-yr 15.39 15.39 15.39 15.33 0 -0.06 -0.06 0 -0.06
(RM 100-yr 17.98 17.98 17.97 17.98 -0.01 +0.01 0 -0.01 0
47.80) 200-yr 19.38 19.38 19.38 19.39 0 +0.01 +0.01 0 +0.01
500-yr 19.70 19.71 19.70 19.99 -0.01 +0.29 +0.28 0 +0.29
PC1 50-yr 20.81 20.81 20.81 20.81 0 0 0 0 0
(Sta. 100-yr 24.49 24.49 24.48 24.49 -0.01 +0.01 0 -0.01 0
267.9) 200-yr 27.71 27.73 27.70 28.03 -0.03 +0.33 +0.30 -0.01 +0.32
500-yr 28.75 28.75 28.77 28.72 +0.02 -0.05 -0.03 +0.02 -0.03
PC2 50-yr 18.00 18.00 18.00 17.65 0 -0.35 -0.35 0 -0.35
(Sta. 100-yr 20.48 20.48 20.48 20.22 0 -0.26 -0.26 0 -0.26
239.3) 200-yr 23.91 23.92 24.23 25.47 +0.31 +1.24 +1.55 +0.32 +1.56
500-yr 24.96 24.97 25.06 26.05 +0.09 +0.99 +1.08 +0.10 +1.09
PC3 50-yr 15.30 15.30 15.30 14.95 0 -0.35 -0.35 0 -0.35
(Sta. 100-yr 17.98 17.98 17.97 17.78 -0.01 -0.19 -0.2 -0.01 -0.2
115.7) 200-yr 20.96 20.95 22.80 22.23 +1.85 -0.57 +1.28 +1.84 +1.27
500-yr 23.47 23.50 24.24 23.81 +0.74 -0.43 +0.31 +0.77 +0.34
OR1 50-yr 16.49 16.49 16.49 16.43 0 -0.06 -0.06 0 -0.06
(Sta. 100-yr 20.04 20.04 20.04 20.06 0 +0.02 +0.02 0 +0.02
142.0) 200-yr 21.62 21.62 21.62 21.64 0 +0.02 +0.02 0 +0.02
500-yr 22.85 22.90 22.86 22.95 -0.04 +0.09 +0.05 +0.01 +0.10
OR2 50-yr 12.65 12.65 12.65 12.67 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 15.31 15.31 15.31 15.39 +0.08 +0.08 0 +0.08
-70.4) 200-yr 18.89 18.93 19.17 19.37 +0.24 +0.20 +0.44 +0.28 +0.48
500-yr 21.26 21.30 21.34 21.37 +0.04 +0.03 +0.07 +0.08 +0.11
OR3 50-yr 10.84 10.84 10.84 10.85 0 +0.01 +0.01 0 +0.01
(Sta. 100-yr 12.95 12.95 12.95 13.01 0 +0.06 +0.06 0 +0.06
-314.3) 200-yr 15.96 15.99 16.20 16.37 +0.21 +0.17 +0.38 +0.24 +0.41
500-yr 17.65 17.69 17.75 17.94 +0.06 +0.19 +0.25 +0.10 +0.29
MR1 50-yr 13.74 13.74 13.74 13.71 0 -0.03 -0.03 0 -0.03
(RM 100-yr 15.95 15.95 15.95 15.98 0 +0.03 +0.03 0 +0.03
26.251) 200-yr 17.21 17.21 17.37 17.43 +0.16 +0.06 +0.22 +0.16 +0.22
500-yr 18.13 18.14 18.21 18.34 +0.07 +0.13 +0.20 +0.08 +0.21
SS1 50-yr 12.44 12.44 12.44 12.46 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 15.06 15.06 15.06 15.14 0 +0.08 +0.08 0 +0.08
146.8) 200-yr 18.61 18.65 18.89 19.09 +0.24 +0.20 +0.44 +0.28 +0.48
500-yr 20.97 21.01 21.05 21.08 +0.04 +0.03 +0.07 +0.08 +0.11
GLC1 50-yr 11.27 11.27 11.27 11.29 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 13.29 13.29 13.28 13.35 -0.01 +0.07 +0.06 -0.01 +0.06
23.6) 200-yr 16.12 16.15 16.34 16.50 +0.19 +0.16 +0.35 +0.22 +0.38
500-yr 18.07 18.10 18.13 18.16 +0.03 +0.03 +0.06 +0.06 +0.09

! Elevations in hydraulic model are referenced to NGVD29 vertical datum and have been converted to NAVD88 vertical datum for this report

by adding 2.4 ft. as determined by Carlson, Barbee and Gibson, Inc.

MBK Engineers
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Table 5. Impact on Maximum Water Surface Elevations in FLOODPLAIN (Levees Fail When Water Reaches Top of Levee)

Max. Water Surface Elevation (ft. NAVD88") Change (ft.)
Storage Cumulative
Area
Name No

(approx. Existing | Actionto | Existing Base to Base to

ground No With to No With to With No With

elevation Flood Base Existing Action Project Action Project Project Action Action

range) Event [1 [2] [3] [4] [31-[2] [41-[3] [41-[2] [3]-[1] [41-[1]

Al 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(22 ft. to 200-yr 35.03 35.03 35.03 35.03 0 0 0 0 0
HG) 500-yr 35.34 35.34 35.34 35.38 0 +0.04 +0.04 0 +0.04
A2 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(17 ft. to 200-yr 35.02 35.02 35.02 35.02 0 0 0 0 0
HG) 500-yr 35.33 35.34 35.33 35.37 -0.01 +0.04 +0.03 0 +0.04
96 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(19 ft. to 200-yr nla nla nla n/a nla n/a n/a n/a n/a
HG) 500-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
B 100-yr 27.75 27.75 27.75 27.61 0 -0.14 -0.14 0 -0.14
(12 ft. to 200-yr 30.27 30.27 30.27 30.24 0 -0.03 -0.03 0 -0.03
HG) 500-yr 31.13 31.13 31.14 31.44 +0.01 +0.30 +0.31 +0.01 +0.31
C 100-yr 27.75 27.75 27.75 27.61 0 -0.14 -0.14 0 -0.14
(12 ft. to 200-yr 30.26 30.26 30.25 30.23 -0.01 -0.02 -0.03 -0.01 -0.03
HG) 500-yr 31.09 31.09 31.11 3141 +0.02 +0.30 +0.32 +0.02 +0.32
D 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(16 ft. to 200-yr 26.96 26.98 27.09 27.17 +0.11 +0.08 +0.19 +0.13 +0.21
HG) 500-yr 28.43 28.44 28.45 28.47 +0.01 +0.02 +0.03 +0.02 +0.04
E 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(12 ft. to 200-yr 25.44 25.46 25.6 24.8 +0.14 -0.8 -0.66 +0.16 -0.64
HG) 500-yr 28.33 28.33 28.34 28.31 +0.01 -0.03 -0.02 +0.01 -0.02
F 100-yr n/a n/a n/a n/a nla n/a n/a n/a n/a
(12 ft. to 200-yr 21.17 21.17 21.19 21.54 +0.02 +0.35 +0.37 +0.02 +0.37
HG) 500-yr 23.85 23.86 24.04 24.04 +0.18 0 +0.18 +0.19 +0.19
G 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(7 ft. to 200-yr 21.10 21.09 21.12 21.48 +0.03 +0.36 +0.39 +0.02 +0.38
HG) 500-yr 22.55 22.55 23.09 23.20 +0.54 +0.11 +0.65 +0.54 +0.65
K 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(11to 19 200-yr 26.65 27.05 24.83 28.52 -2.22 +3.69 +1.47 -1.82 +1.87
ft.) 500-yr 26.58 26.98 25.33 28.76 -1.65 +3.43 +1.78 -1.25 +2.18
L 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(11to 19 200-yr 28.91 28.91 28.91 29.02 0 +0.11 +0.11 0 +0.11
ft.) 500-yr 29.55 29.55 29.55 30.01 0 +0.46 +0.46 0 +0.46
M 100-yr nla nla nla n/a nla n/a n/a n/a n/a
(11to21 200-yr 29.14 29.14 29.13 29.17 -0.01 +0.04 +0.03 -0.01 +0.03
ft.) 500-yr 29.72 29.72 29.72 30.09 0 +0.37 +0.37 0 +0.37
4 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(2ft. to 200-yr 2.94 2.93 2.99 3.95 +0.06 +0.96 +1.02 +0.05 +1.01
HG 500-yr 17.60 17.63 18.07 18.10 +0.44 +0.03 +0.47 +0.47 +0.50
Upper 100-yr n/a n/a n/a n/a n/a n/a nla n/a n/a
Roberts 200-yr 12.78 12.77 12.77 12.39 0 -0.38 -0.38 -0.01 -0.39
(6to 13 ft.) 500-yr 16.79 16.78 16.52 16.60 -0.26 +0.08 -0.18 -0.27 -0.19

! Elevations in hydraulic model are referenced to NGVD29 vertical datum and have been converted to NAVD88 vertical datum for this report

by adding 2.4 ft. as determined by Carlson, Barbee and Gibson, Inc.

MBK Engineers
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Table 6. Impact on Maximum Inundation Areas in FLOODPLAIN (Levees Fail When Water Reaches Top of Levee)

Max. Inundation Area (acres) Change (acres)
No Cumulative
Existing | Actionto | Existing Base to Base to
Storage No With to No With to With No With
Area Flood Base Existing Action Project Action Project Project Action Action
Name Event [1] [2] [3] [4] [3]-[2] [41-[3] [41-[2] [3]-[1] [4]-[1]
Al 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 2680 2680 2680 2680 0 0 0 0 0
500-yr 2764 2764 2764 2775 0 +11 +11 0 +11
A2 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 1917 1917 1917 1917 0 0 0 0 0
500-yr 1937 1937 1937 1939 0 +2 +2 0 +2
96 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
500-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
B 100-yr 3,161 3,161 3,161 3,116 0 -45 -45 0 -45
200-yr 3,971 3,971 3,971 3,962 0 -9 -9 0 -9
500-yr 4,248 4,248 4,251 4,347 +3 +96 +99 +3 +99
C 100-yr 2,634 2,634 2,634 2,617 0 -17 -17 0 -17
200-yr 2,952 2,952 2,951 2,948 -1 -3 -4 -1 -4
500-yr 3,057 3,057 3,060 3,098 +3 +38 +41 +3 +41
D 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 2,174 2,175 2,180 2,184 +5 +4 +9 +6 +10
500-yr 2,229 2,229 2,230 2,230 +1 0 +1 +1 +1
E 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 709 709 710 704 +1 -6 -5 +1 -5
500-yr 731 731 731 731 0 0 0 0 0
F 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 491 491 492 506 +1 +14 +15 +1 +15
500-yr 579 580 585 585 +5 0 +5 +6 +6
G 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 6,798 6,797 6,800 6,834 +3 +34 +37 +2 +36
500-yr 6,937 6,937 6,996 7,008 +59 +12 +71 +59 +71
K 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 396 398 392 404 -6 +12 +6 -4 +8
500-yr 395 398 393 405 -5 +12 +7 -2 +10
L 100-yr n/a n/a n/a n/a n/a nla n/a n/a nla
200-yr 432 432 432 432 0 0 0 0 0
500-yr 433 433 433 434 0 +1 +1 0 +1
M 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 198 198 198 198 0 0 0 0 0
500-yr 198 198 198 198 0 0 0 0 0
z 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 66 65 67 198 +2 +131 +133 +1 +132
500-yr 6,437 6,440 6,505 6,508 +65 +3 +68 +68 +71
Upper 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
Roberts 200-yr {1} {1} {1} {1} {1} {1} {1} {1} {1}
500-yr {1} {1} {1} {1} {1} {1} {1} {1} {1}

{1} Elevation-area curve not developed for Storage Area Upper Roberts.
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Table 7. Sensitivity Analysis — Impact on Maximum Water Surface Elevations in RIVER (Levees Overtop Without Failing)

Max. Water Surface Elevation (ft. NAVD88?) Change (ft.)
No Cumulative
Existing | Actionto | Existing Base to Base to
No With to No With to With No With
Index Flood Base Existing Action Project Action Project Project Action Action
Point Event [1 [2 [3] [4] [31-[2] [4]-[3] [41-[2] [31-[1] [41-[1]
SJR1 50-yr 28.98 28.98 28.98 28.91 0 -0.07 -0.07 0 -0.07
(RM 100-yr 34.50 34.50 34.50 34.46 0 -0.04 -0.04 0 -0.04
63.24) 200-yr 35.38 35.38 35.38 35.38 0 0 0 0 0
500-yr 35.83 35.83 35.83 35.83 0 0 0 0 0
SJIR2 50-yr 24.35 24.35 24.35 24.21 0 -0.14 -0.14 0 -0.14
(RM 100-yr 29.49 29.49 29.49 29.43 0 -0.06 -0.06 0 -0.06
57.81) 200-yr 32.57 32.57 32.58 32.56 +0.01 -0.02 -0.01 +0.01 -0.01
500-yr 34.35 34.35 34.35 34.35 0 0 0 0 0
SJR3 50-yr 15.89 15.89 15.89 15.83 0 -0.06 -0.06 0 -0.06
(RM 100-yr 18.99 18.99 18.99 18.97 0 -0.02 -0.02 0 -0.02
47.80) 200-yr 20.96 20.97 21.04 21.04 +0.07 0 +0.07 +0.08 +0.08
500-yr 21.58 21.58 21.59 21.59 +0.01 0 +0.01 +0.01 +0.01
PC1 50-yr 21.53 21.53 21.53 2151 0 -0.02 -0.02 0 -0.02
(Sta. 100-yr 25.63 25.63 25.63 25.58 0 -0.05 -0.05 0 -0.05
267.9) 200-yr 28.36 28.44 28.50 28.82 +0.06 +0.32 +0.38 +0.14 +0.46
500-yr 30.71 30.72 30.73 30.67 +0.01 -0.06 -0.05 +0.02 -0.04
PC2 50-yr 18.47 18.47 18.47 18.17 0 -0.3 -0.3 0 -0.3
(Sta. 100-yr 21.35 21.35 21.36 21.08 +0.01 -0.28 -0.27 +0.01 -0.27
239.3) 200-yr 23.92 2431 25.33 26.05 +1.02 +0.72 +1.74 +1.41 +2.13
500-yr 26.09 26.24 26.70 27.56 +0.46 +0.86 +1.32 +0.61 +1.47
PC3 50-yr 15.80 15.80 15.80 15.48 0 -0.32 -0.32 0 -0.32
(Sta. 100-yr 19.00 19.00 19.00 18.81 0 -0.19 -0.19 0 -0.19
115.7) 200-yr 22.51 22.23 2411 23.09 +1.88 -1.02 +0.86 +1.60 +0.58
500-yr 24.94 24.93 26.00 25.59 +1.07 -0.41 +0.66 +1.06 +0.65
OR1 50-yr 17.15 17.15 17.15 17.09 0 -0.06 -0.06 0 -0.06
(Sta. 100-yr 21.31 21.31 21.31 21.32 0 +0.01 +0.01 0 +0.01
142.0) 200-yr 23.56 23.43 23.85 23.72 +0.42 -0.13 +0.29 +0.29 +0.16
500-yr 24.66 24.66 24.63 24.59 -0.03 -0.04 -0.07 -0.03 -0.07
OR2 50-yr 13.13 13.13 13.13 13.15 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 16.36 16.36 16.36 16.43 0 +0.07 +0.07 0 +0.07
-70.4) 200-yr 19.80 19.45 20.50 19.93 +1.05 -0.57 +0.48 +0.70 +0.13
500-yr 22.82 22.83 22.84 22.88 +0.01 +0.04 +0.05 +0.02 +0.06
OR3 50-yr 11.16 11.16 11.16 11.18 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 13.81 13.81 13.81 13.86 0 +0.05 +0.05 0 +0.05
-314.3) 200-yr 16.74 16.45 17.33 16.86 +0.88 -0.47 +0.41 +0.59 +0.12
500-yr 21.25 21.32 21.80 22.18 +0.48 +0.38 +0.86 +0.55 +0.93
MR1 50-yr 14.25 14.25 14.25 14.22 0 -0.03 -0.03 0 -0.03
(RM 100-yr 17.53 17.53 17.53 17.54 0 +0.01 +0.01 0 +0.01
26.251) 200-yr 19.09 19.02 19.24 19.14 +0.22 -0.1 +0.12 +0.15 +0.05
500-yr 19.71 19.71 19.69 19.66 -0.02 -0.03 -0.05 -0.02 -0.05
Ss1 50-yr 12.91 12.91 12.91 12.93 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 16.10 16.10 16.10 16.17 0 +0.07 +0.07 0 +0.07
146.8) 200-yr 19.51 19.17 20.22 19.64 +1.05 -0.58 +0.47 +0.71 +0.13
500-yr 22.52 22.53 22.54 22.58 +0.01 +0.04 +0.05 +0.02 +0.06
GLC1 50-yr 11.60 11.60 11.60 11.62 0 +0.02 +0.02 0 +0.02
(Sta. 100-yr 14.09 14.09 14.09 14.14 0 +0.05 +0.05 0 +0.05
23.6) 200-yr 16.85 16.57 17.42 16.96 +0.85 -0.46 +0.39 +0.57 +0.11
500-yr 19.37 19.38 19.39 19.42 +0.01 +0.03 +0.04 +0.02 +0.05

! Elevations in hydraulic model are referenced to NGVD29 vertical datum and have been converted to NAVD88 vertical datum for this report

by adding 2.4 ft. as determined by Carlson, Barbee and Gibson, Inc.

MBK Engineers
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Table 8. Sensitivity Analysis — Impact on Maximum Water Surface Elevation in FLOODPLAIN (Levees Overtop Without
Failing)

Max. Water Surface Elevation (ft. NAVD88") Change (ft.)
Storage Cumulative
Area
Name No

(approx. Existing | Actionto | Existing Base to Base to

ground No With to No With to With No With

elevation Flood Base Existing Action Project Action Project Project Action Action

range) Event [1] [2] [3] [4] [3]-[2] [4]-[3] [41-[2] [3]-[1] [41-[1]

Al 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(22 ft. to 200-yr 36.63 36.63 36.63 36.63 0 0 0 0 0
HG) 500-yr 37.60 37.60 37.60 37.60 0 0 0 0 0
A2 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(17 ft. to 200-yr 36.62 36.62 36.62 36.62 0 0 0 0 0
HG) 500-yr 37.57 37.57 37.57 37.57 0 0 0 0 0
96 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(19 ft. to 200-yr 34.50 34.50 34.50 34.50 0 0 0 0 0
HG) 500-yr 35.38 35.38 35.38 35.38 0 0 0 0 0
B 100-yr 13.45 13.45 13.45 12.66 0 -0.79 -0.79 0 -0.79
(12 ft. to 200-yr 32.64 32.64 32.64 32.63 0 -0.01 -0.01 0 -0.01
HG) 500-yr 34.49 34.49 34.49 34.49 0 0 0 0 0
C 100-yr 19.33 19.33 19.32 17.95 -0.01 -1.37 -1.38 -0.01 -1.38
(12 ft. to 200-yr 32.63 32.63 32.63 32.62 0 -0.01 -0.01 0 -0.01
HG) 500-yr 34.46 34.46 34.47 34.46 +0.01 -0.01 0 +0.01 0
D 100-yr n/a nla nla n/a nla nla n/a nla n/a
(16 ft. to 200-yr 21.98 22.38 22.51 24.2 +0.13 +1.69 +1.82 +0.53 +2.22
HG) 500-yr 29.46 29.46 29.47 29.51 +0.01 +0.04 +0.05 +0.01 +0.05
E 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(12 ft. to 200-yr 21.23 21.75 22.38 2477 +0.63 +2.39 +3.02 +1.15 +3.54
HG) 500-yr 29.06 29.08 29.13 29.20 +0.05 +0.07 +0.12 +0.07 +0.14
F 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(12 ft. to 200-yr 17.44 17.67 17.94 19 +0.27 +1.06 +1.33 +0.50 +1.56
HG) 500-yr 25.41 25.49 25.65 25.84 +0.16 +0.19 +0.35 +0.24 +0.43
G 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(7 ft. to 200-yr 13.25 13.80 14.17 17.09 +0.37 +2.92 +3.29 +0.92 +3.84
HG) 500-yr 2531 25.35 25.58 25.78 +0.23 +0.20 +0.43 +0.27 +0.47
K 100-yr nla n/a n/a n/a n/a n/a n/a n/a n/a
(11to 19 200-yr 27.03 27.46 25.26 28.84 -2.2 +3.58 +1.38 -1.77 +1.81
ft.) 500-yr 27.36 27.77 26.85 29.83 -0.92 +2.98 +2.06 -0.51 +2.47
L 100-yr n/a n/a nla nla nla nla n/a nla n/a
(11to 19 200-yr 28.88 28.94 28.87 29.51 -0.07 +0.64 +0.57 -0.01 +0.63
ft.) 500-yr 31.26 31.26 31.27 31.68 +0.01 +0.41 +0.42 +0.01 +0.42
M 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(11to21 200-yr 29.14 29.18 29.14 29.6 -0.04 +0.46 +0.42 0 +0.46
ft.) 500-yr 31.42 31.43 31.43 31.76 0 +0.33 +0.33 +0.01 +0.34
V4 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
(2ft. to 200-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
HG 500-yr 21.36 21.43 21.89 22.25 +0.46 +0.36 +0.82 +0.53 +0.89
Upper 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
Roberts 200-yr 8.17 8.10 8.88 8.49 +0.78 -0.39 +0.39 +0.71 +0.32
(6to 13 ft.) 500-yr 12.19 12.11 12.28 12.00 +0.17 -0.28 -0.11 +0.09 -0.19

! Elevations in hydraulic model are referenced to NGVD29 vertical datum and have been converted to NAVD88 vertical datum for this report
by adding 2.4 ft. as determined by Carlson, Barbee and Gibson, Inc.
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Table 9. Sensitivity Analysis - Impact on Maximum Inundation Areas in FLOODPLAIN (Levees Overtop Without Failing)

Max. Inundation Area (acres)

Change (acres)

No Cumulative
Existing | Actionto | Existing Base to Base to
Storage No With to No With to With No With
Area Flood Base Existing Action Project Action Project Project Action Action
Name Event [1] [2] [3] [4] [31-[2] [4]-[3] [4]-[2] [31-[1] [4]-[1]
Al 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 3,115 3,115 3,115 3,115 0 0 0 0 0
500-yr 3,378 3,378 3,378 3,378 0 0 0 0 0
A2 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 2,017 2,017 2,017 2,017 0 0 0 0 0
500-yr 2,077 2,077 2,077 2,077 0 0 0 0 0
96 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 1,422 1,422 1,422 1,422 0 0 0 0 0
500-yr 1,486 1,486 1,486 1,486 0 0 0 0 0
B 100-yr 27 27 27 7 0 -20 -20 0 -20
200-yr 4,716 4,716 4,716 4,714 0 -2 -2 0 -2
500-yr 5,182 5,182 5,182 5,182 0 0 0 0 0
C 100-yr 936 936 933 621 -3 -312 -315 -3 -315
200-yr 3,252 3,252 3,252 3,251 0 -1 -1 0 -1
500-yr 3,484 3,484 3,485 3,484 +1 -1 0 +1 0
D 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 1,815 1,949 1,961 2,042 +12 +81 +93 +146 +227
500-yr 2,263 2,263 2,263 2,265 0 +2 +2 0 +2
E 100-yr n/a n/a n/a n/a n/a nla n/a n/a nla
200-yr 669 676 685 703 +9 +18 +27 +16 +34
500-yr 737 737 737 738 0 +1 +1 0 +1
F 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 344 353 364 406 +11 +42 +53 +20 +62
500-yr 622 624 628 634 +4 +6 +10 +6 +12
G 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 4,533 4,787 4,958 6,307 +171 +1349 +1520 +425 +1774
500-yr 7,240 7,245 7,270 7,292 +25 +22 +47 +30 +52
K 100-yr nla nla nla nla n/a n/a nla n/a n/a
200-yr 398 401 392 405 -9 +13 +4 -6 +7
500-yr 400 402 397 407 -5 +10 +5 -3 +7
L 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 432 432 432 433 0 +1 +1 0 +1
500-yr 439 439 439 440 0 +1 +1 0 +1
M 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
200-yr 197 197 197 198 0 +1 +1 0 +1
500-yr 198 198 198 198 0 0 0 0 0
z 100-yr n/a n/a n/a n/a n/a nla n/a n/a nla
200-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
500-yr 7,021 7,034 7,115 7,176 +81 +61 +142 +94 +155
Upper 100-yr n/a n/a n/a n/a n/a n/a n/a n/a n/a
Roberts 200-yr {13 {13 {13 {13 {13 {13 {13 {13 {13
500-yr {13 {13 {13 {13 {13 {13 {13 {13 {13
{1} Elevation-area curve not developed for Storage Area Upper Roberts.
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In the 50-year flood event, which is closest in size to the system design flood event', the “With
Project” scenario shows a reduction in the maximum WSE of up to 0.14 ft. in the San Joaquin
River and a reduction of up to 0.35 ft. in Paradise Cut. In Old River and Grant Line Canal, the
“With Project” scenario shows a WSE increase of up to 0.02 ft. No levees are overtopped in the
50-year flood event simulation so there are no impacts in the floodplains.

In the 100-year flood event, the “With Project” scenario shows a reduction in the maximum
WSE of up to 0.03 ft. in the San Joaquin River and a reduction of up to 0.27 ft. in Paradise Cut.
In Old River and Grant Line Canal, the “With Project” scenario shows a WSE increase of up to
0.08 ft. In the 100-year flood event simulation, the only levee overtopping occurs on the right
bank of the San Joaquin River primarily opposite of Paradise Cut resulting in some inundation of
Storage Areas B and C. The slight decrease water surface elevation in the “With Project”
scenario translates to a slight decrease in the depth and extent of inundation in Storage Areas B
and C.

In the 200-year flood event, the “With Project” scenario shows a reduction in the maximum
WSE of up to 0.03 ft. in the San Joaquin River and an increase of up to 1.55 ft. in the Paradise
Cut. In the 200-year flood event simulations, there is significant levee overtopping throughout
the system. The impacts to floodplain depths and areas are shown in Tables 5 and 6,
respectively. As shown in Table 5, the project has minimal impact on the maximum water
surface elevation in the floodplain with the exception of Storage Areas E (-0.66 ft.), F (+0.37 ft.),
G (+0.39 ft.), K (+1.47 ft.) and Z (+0.76 ft.). However, with the exception of Storage Area Z,
these water surface elevation changes have corresponding inundation area changes ranging from
approximately -1% to +3%. In Storage Area Z, the inundation area increases from 74 acres to
450 acres. The maximum depth of flooding increases from approximately 0.5 ft. in the Existing
scenario to just over 1 ft. in the With Project scenario for 200-yr flood event. To put the Storage
Area Z inundation area into perspective, in the 500-year flood event simulation the inundation
area is approximately 6,800 acres, with a maximum depth of approximately 16 ft., for both
scenarios.

In the 500-year flood event, the “With Project” scenario shows an increase in the maximum
WSE of up to 0.32 ft. in the San Joaquin River and an increase of up to 1.08 ft. in the Paradise
Cut. In the 500-year flood event simulations, there is significant levee overtopping throughout
the system. The impacts to floodplain depths and areas are shown in Tables 5 and 6,
respectively. As shown in Table 5, the project has minimal impact on the maximum water
surface elevation in the floodplain with the exception of Storage Areas B (+0.31 ft.), C (+0.32
ft.), G (+0.65 ft.), K (+1.78 ft.), L (+0.46 ft.), M (+0.37 ft.) and Z (+0.45 ft.). However, for all of
these storage areas the change in inundation area is less than 2.3%.

It is important to note that in the more frequent large flood events, 100-year and smaller, the
project either reduced or did not change water surface elevations in the San Joaquin River,
Paradise Cut, and upper Old River with increases of less than a tenth of a foot west of Stewart
Tract. Itis in the much less frequent events, which are significantly larger than the San Joaquin
River Flood Control System design flood (approximately 1 in 50 AEP, or 50-year), where the
proposed project results in increased water surface elevations. It is also important to note that the
proposed project would not have increased water surface elevations in the channels or

! The system design flow in the San Joaquin River above Paradise Weir is 52,000 cfs (USACE 1955). The 50-year
flood event peak flow is 47,400 cfs.
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floodplains for any of the floods that have occurred within the period of record, which includes

over 100 years of recorded flood data.

The results of the risk-based hydraulic impact analysis performed by David Ford Consulting
Engineers (Ford 2010) are summarized in Tables 10, 11, and 12. The risk analysis computed

impacts of the “With Project” and “No Action” scenarios on the Conditional Annual Exceedance

Probability (C-AEP) and on the Conditional Conditional Non-exceedance Probability, or

Conditional Assurance (C-A). The maximum changes in C-AEP occur at index points PC2 and

PC3 as shown in Table 10. The maximum changes in C-A also occur at index points PC2 and
PC3 as shown in Tables 11 and 12. All of the risk-based impact analyses are based on the no

levee failure scenario described in Attachment A.

Table 10. Change in Conditional Annual Exceedance Probability (C-AEP)
ncoxpom [ Esingoto. | Esipgiowin | Gunatvel | i
Project
SJR1 0.0000 -0.0003 0.0000 -0.0003
SJIR2 0.0000 -0.0003 0.0000 -0.0003
SJR3 0.0001 0.0001 0.0001 0.0001
PC1 0.0000 0.0002 0.0000 0.0002
PC2 0.0012 0.0020 0.0015 0.0023
PC3 0.0015 0.0007 0.0014 0.0006
OR1 0.0000 -0.0001 0.0000 -0.0001
OR2 0.0008 0.0003 0.0006 0.0001
OR3 0.0005 0.0002 0.0004 0.0001
MR1 0.0002 0.0002 0.0001 0.0001
SS1 0.0002 0.0002 0.0002 0.0002
GLC1 -0.0001* 0.0001* -0.0001* 0.0001*
! Computed C-AEP is beyond the 0.002 exceedance probability, so differences exceed precision of models.
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Table 11. Change in Conditional Assurance (C-A)1 from Existing Condition

p=0.10 p=0.01 p=0.004 p=0.002

Index Existing Exist!ng Existing Existi_ng Existing Existi_ng Existing Exist[ng
Point to No to Wlth to No to Wlth to No to Wlth to No to Wlth
Action Project Action Project Action Project Action Project

SJR1 0.0000 0.0000 0.0000 0.0336 0.0000 0.0060 0.0000 0.0028
SJIR2 0.0000 0.0000 0.0000 0.0345 0.0000 0.0109 -0.0002 0.0057
SJR3 0.0000 0.0000 -0.0007 -0.0011 -0.0189 -0.0215 -0.0032 -0.0044
PC1 0.0000 0.0000 0.0000 0.0010 -0.0034 -0.0123 0.0000 -0.0001
PC2 0.0000 0.0000 0.0000 0.0000 -0.3366 -0.5251 -0.1009 -0.1492
PC3 0.0000 0.0000 0.0000 0.0000 -0.4103 -0.1787 -0.2675 -0.1715
OR1 0.0000 0.0000 0.0000 0.0079 0.0000 0.0015 0.0000 -0.0004
OR2 0.0000 0.0000 -0.0014 -0.0006 -0.1886 -0.0876 -0.0088 -0.0046
OR3 0.0000 0.0000 -0.0001 -0.0001 -0.1765 -0.0733 -0.0491 -0.0302
MR1 0.0000 0.0000 -0.0169 -0.0216 -0.0107 -0.0045 -0.0002 0.0004
SS1 0.0000 0.0000 0.0000 0.0000 -0.0785 -0.0383 -0.0425 -0.0387
GLC1 0.0000 0.0000 0.0000 0.0000 -0.0013 -0.0015 0.0405 -0.0015

1 C-A can also be referred to as Conditional Conditional Non-exceedance Probability (C-CNP)

Table 12. Change in Conditional Assurance (C-A)1 from Base Condition for Cumulative Analysis

p=0.10 p=0.01 p=0.004 p=0.002

Index Base to Bas_e to Base to Bas_e to Base to Bas_e to Base to Bas_e to

Point No Action W'.th No Action W'.th No Action W'.th No Action W'.th
Project Project Project Project

SJR1 0.0000 0.0000 0.0000 0.0336 0.0000 0.0060 0.0000 0.0028
SJIR2 0.0000 0.0000 0.0000 0.0345 0.0000 0.0109 -0.0002 0.0057
SJR3 0.0000 0.0000 -0.0009 -0.0013 -0.0221 -0.0247 -0.0039 -0.0051
PC1 0.0000 0.0000 0.0004 0.0014 -0.0039 -0.0128 -0.0001 -0.0002
PC2 0.0000 0.0000 0.0000 0.0000 -0.4420 -0.6305 -0.1277 -0.1760
PC3 0.0000 0.0000 0.0000 0.0000 -0.3789 -0.1473 -0.2667 -0.1707
OR1 0.0000 0.0000 -0.0001 0.0078 -0.0002 0.0013 -0.0001 -0.0005
OR2 0.0000 0.0000 -0.0013 -0.0005 -0.1201 -0.0191 -0.0044 -0.0002
OR3 0.0000 0.0000 -0.0001 -0.0001 -0.1378 -0.0346 -0.0358 -0.0169
MR1 0.0000 0.0000 -0.0114 -0.0161 -0.0040 0.0022 0.0001 0.0007
SS1 0.0000 0.0000 0.0000 0.0000 -0.0659 -0.0257 -0.0383 -0.0345
GLC1 0.0000 0.0000 0.0000 0.0000 -0.0013 -0.0015 0.0240 -0.0180

1 C-A can also be referred to as Conditional Conditional Non-exceedance Probability (C-CNP)
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8. Determination of Significance of Impacts

To determine whether an increase in stage is significant, the following factors have been taken
into consideration:

e How much of the change in stage is associated with restoring the design flow split and does
the modification result in a flow split that exceeds the 1955 design?

e What is the change in stage for the design flood event?

e What are the changes in stage for events that exceed the design event?

¢ Are adjacent areas urban or non-urban?

e Are the adjacent agricultural areas that experience increases in stage in the river channel
already flooded due to upstream levees overtopping? If the adjacent agricultural areas are
flooded due to upstream levee overtopping, what is the change in floodplain depth with the
proposed project?

e Does the duration of flooding change as a result of the proposed project?

The following is an analysis of the impacts of the proposed project based on an evaluation of the
factors cited above.

How much of the change in stage is associated with restoring the federal levee system design
flow in Paradise Cut. The design flow in the Paradise Cut is 15,000 cfs, 28.8% of the upstream
design flow of 52,000 cfs in the San Joaquin River. Under existing conditions, with the design
flow of 52,000 cfs in the San Joaquin River, the computed flow into Paradise Cut is 13,400 cfs,
25.8% of the San Joaquin River flow. The hydraulic computations indicate that the proposed
project would increase the flow into Paradise Cut to 13,900 cfs, 26.7% of the San Joaquin River
flow. This increase in flow in Paradise Cut partially restores the design flow split. The
proposed project would have a positive effect on restoring the design flow condition.

What is the change in stage for the design flood event? The proposed project generally results
in a decrease in flood stages for the design event for the surrounding river system. There are
very small stage increases (0.02 ft.) downstream of the Paradise Cut along the agricultural areas
on Old River and Grant Line Canal. The proposed project lowers the stage at the San Joaquin
River at Mossdale Bridge gage (Index Point SJR2) by 0.14 ft.

What are the changes in stage for events that exceed the design event? Tables 4 and 5
summarize the change in flood stage for the flood control system.

Are adjacent areas urban or non-urban? The nearby urban areas are downstream along the San
Joaquin River (Lathrop and Stockton) and southwest of the Project (Tracy). The proposed
project has very small effects on the downstream urban areas which are protected with urban
levees (slight decrease to no change in the maximum water surface elevation up through the
200-year flood event and increase of 0.28 ft. in the 500-year flood event at Index Point SJIR3).
The analysis shows a small area within the Tracy city limits in inundated in the 200-year flood
event, with an increase of 0.39 ft. due to the proposed project (see Figure 11), however this
impacted area is zoned as Commercial and Industrial. The remaining adjacent and downstream
areas are in agriculture.
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Figure 11. Project impacts within city limits, 200-year flood event

Are the adjacent agricultural areas that experience increases in stage in the river channel
already flooded due to upstream levees failing? If the adjacent agricultural areas are flooded
due to upstream levee failures, what is the change in floodplain depth with the proposed project?
Yes, the floodplains on both sides of the river adjacent to these impact locations are already
flooded due to upstream levee failures in the 200-year and 500-year flood event simulations.
Tables 5 and 6 show how the maximum water surface elevation and area in the adjacent
floodplains change with the proposed project. In storage area E the ground elevation ranges
from about 12 ft. (NAVDB88) to the flood elevation, so the 200-year flood depth ranges from 0 to
13.5 ft. for Existing and 0 to 12.8 for With Project and the 500-year flood depth ranges from 0 to
16.3 ft. for both Existing and With Project. The maximum inundated area decreases 5 acres
(0.7%) in the 200-year flood and in unchanged in the 500-year flood. In storage area G the
ground elevation ranges from about 7 ft. (NAVDB88) to the flood elevation, so the 200-year flood
depth ranges from 0 to 14.1 ft. for Existing and 0 to 14.5 for With Project and the 500-year flood
depth ranges from 0 to 15.6 ft. for Existing and 0 to 16.2 for With Project. The maximum
inundated area increases 37 acres (0.5%) in the 200-year flood and 71 acres (1.0%) in the 500-
year flood. In storage area K the ground elevation ranges from about 11 to 19 ft. (NAVDS88),
so the 200-year flood depth ranges from 8.1 to 16.1 ft. for Existing and 9.5 to 17.5 for With
Project and the 500-year flood depth ranges from 8.0 to 16.0 ft. for Existing and 9.8 to 17.8 for
With Project. The maximum inundated area increases 6 acres (1.5%) in the 200-year flood and 7
acres (1.8%) in the 500-year flood. Damage to crops is not typically associated with changes in
depth when depths exceed 1 foot as they are more sensitive to changes in duration and/or
frequency of flooding. There are also isolated structures in the floodplain. Since these areas are
already flooded, the changes in depth are at extremely rare events (increases in stage only occur
at the 200 and 500 year events) and the change in flood depth is moderate as compared to the
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actual depth, the impacts are not significant. The area of inundation was only increases 60 acres
out of over 7,000 acres inundated for the 200-year and 500-year floods.

Does the duration of flooding change as a result of the proposed project? The duration of
flooding does not change as a result of the proposed project.

9. Summary/Conclusion

The proposed project will alter the flows in the surrounding levee system for the full range of
flood events. These changes are generally beneficial for the frequent flood events (50 and 100
year), with increases in stage for the adjacent agricultural areas for the less frequent extreme
flood events (200 and 500 year). The adjacent and downstream urban areas are not impacted by
the proposed project. The adjacent urban areas and non-urban areas do not experience an
increase in flood risk as a result of the proposed project as demonstrated in the Risk Analysis.

The January 1997 storm is the flood of record for this region, with the estimated recurrence
interval of 100-year for the 1-day duration flood volume (USACE 2002). Levee performance in
the California Central Valley for main-stem system levees has generally been that levees fail
before they overtop. During the January 1997 flood event, the largest event in recorded history
on the San Joaquin River, 14 levee breaches occurred upstream of the Stewart Tract. Therefore,
the primary failure mechanism used in this analysis assumes that levees will fail when the water
reaches an elevation equal to the top of the levee. Results from an analysis that assumed that
levees would overtop without failing are also included to demonstrate the sensitivity of the levee
performance assumption.

Taking into consideration the factors sighted in Section 8 of this memo and the Risk Analysis
evaluation (Attachment C), the hydraulic impacts of the proposed project are less than
significant. This finding is consistent with the fact that the proposed project would not have
increased flood stages for any of the historic recorded floods (over 100 years of record) on the
San Joaquin River.
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Attachment A

Proposed Ground Rules for Section 408 Risk Analysis of
Potential Hydraulic Impacts of River Islands at Lathrop Project






July 19, 2010

Proposed Ground Rules for Section 408 Risk Analysis of Potential Hydraulic Impacts of
River Islands at Lathrop Project

1. Levee Performance
a. Levees overtop without failing.
2. Evaluation Scenarios

a. Base Condition — system prior to construction of the River Islands interior levees
that form the Phase 1 protected area shown in Figure 1. In addition:

i. If levees do not meet the minimum project standard they would be raised
in the hydraulic model to meet the minimum authorized levee height
(1955 Profile); and

ii. Where existing top of levees heights exceed the authorized height, they are
modeled as such.

b. Existing Condition — Base Condition plus existing Phase 1 protected area, which
was completed in 2006 (see Figure 1).

c. Modified Condition, Cumulative with no Federal Action (No Action) — Base
Condition plus FEMA certifiable interior levee constructed for entire project site
(see Figure 2). The interior levee does not come in contact with Federal Project
levee or required levee easements. This scenario represents the River Islands
Project that would be constructed absent federal permits. Urban levees
(Reclamation District 17) raised (if necessary) to have 3 feet of freeboard on 200-
year flood event.

d. Modified Condition, With Project — Base Condition plus addition of proposed
River Islands Project and Paradise Cut Improvement Project (see Figure 3).
Urban levees (Reclamation District 17) raised (if necessary) to have 3 feet of
freeboard on 200-year flood event.

3. Hydrology

a. Sacramento and San Joaquin River Basins Comprehensive Study San Joaquin
River mainstem at VVernalis storm centering.

4. Risk Analysis Procedures

MBK Engineers A-1
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



System input flow-frequency curves derived using the same procedures as in the
HEC Section 408 risk analysis demonstration project (June 2009) will be used.
These curves represent the summation of regulated flow hydrographs at hydraulic
model boundary conditions upstream of a given Index Point.

Inflow-Outflow relationships derived using the same procedures as in the
demonstration project will be used. These relationships will be used to account
for system routing and loss of flow due to spills over levees. This relationship
translates the system input flow to a regulated flow at each of the Index Points.

Flow-discharge Transform Functions at Index Points will be based on an infinite
levee scenario (no spills). This is a maximum flow versus maximum stage
relationship.

The inflow-outflow relationship should be based on sensitivity analysis of
Manning’s n-value roughness coefficients and levee overtopping weir flow
coefficients. The Manning’s n-value uncertainty range will be determined
recognizing model calibration variability at the index points. The levee
overtopping weir coefficient is not a calibrated parameter so its uncertainty range
will be based on the typical coefficient range for broad crested weirs of 2.6 to 3.1
as defined in the HEC-RAS Hydraulic Reference Manual, CPD-69, March 2008
(Table 8-1).

5. Analysis of Conditional Annual Exceedance Probability

MBK Engineers

a. The procedures being utilized will not produce a level of protection evaluation for

each index point in the system. This is because of the necessity to make
simplifying assumptions concerning levee performance and hydrologic inputs.
The assumption of no levee failures will result in AEPs that are conditioned on
that assumption and will thereby overestimate the level of protection provided
throughout the system. Therefore for this analysis a Conditional Annual
Exceedance Probability (C-AEP) will be calculated for each index point. All of
the factors governing the “Conditional” aspect of the AEP will be documented.

“Conditional” Conditional Non-Exceedance Probabilities (C-CNP) shall be
reported, too.

The target levee elevations used to compute Without Project Condition C-AEP
and C-CNPs shall be consistent with the levee elevations used to establish the
Base Condition (see item 2.a).
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d. For Index Points controlled by backwater such that stage-discharge relationships
do not exist, the analysis will be based on stage-frequency and not flow-frequency
methodology. In these same areas the C-AEPs and C-CNPs will be based on the
authorized levee elevation as shown on the 1955 Design flood profiles.

6. Index Point Locations

a. A list of index points is provided in Table 1. A map showing the index point

locations is shown in Figure 4.

Table 1. Index Points

Fed Project

Design Top
of Levee, Top of
Channel 1955 Levee
Invert Elev. Profile Elevation
Location Index (ft. (ft. (ft. Top of Levee Elevation

Reach ! Point ID | NGVD29) NGVD29) NGVD29) | Source
San Joaquin River

Vernalis to Paradise Cut 63.24 SJR1 -19 321 31.8 CA Levee Database *

Paradise Cut to Old River 57.81 SJR2 -14 26.8 25.8 CA Levee Database *

Old River to model 47.80 SIR3 -15 18.1 18.4 CA Levee Database 2
boundary
Paradise Cut

San Joaquin R. to Old R. 267.9 PC1 7 23.8 23.9 CA Levee Database *

San Joaquin R. to Old R. 239.3 PC2 -1 22.9 21.6 CA Levee Database *

San Joaquin R. to Old R. 115.7 PC3 -5 19.8 22.2 CA Levee Database *
Old River |

San Joaquin R. to Middle R. 142.0 OR1 -8 19.6 19.6 CA Levee Database *

Middle R. to Paradise Cut 172.06 OR2 -20 14.8 175 CA Levee Database *

Paradise Cut to model 1005 OR3 8 na 15.6 DWR bathymetry
boundary survey, 1997
Middle River

OId R. to model boundary | 26251 | MR1 4 na 15.6 tCO%’;‘prEhe”S“’e Study
Salmon Slough

All 146.81 SS1 -14 14.4 19.4 CA Levee Database “
Grant Line Canal

Al 236 GLCl 13 na 18.1 DWR bathymetry

survey, 1997

Carlson, Barbee, Gibson.

1 Hydraulic model cross-section ID. San Joaquin River and Middle River are referenced to Comp Study River Mile. Paradise
Cut, Old River and Grant Line Canal are based on individual reach stationing on 100 foot increments.
2 Converted from vertical datum NAVD88 to NGVD29 based on relationship of 0 ft. NGVD29 = 2.4 ft. NAVDS8 as per
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Figure 1. Existing Condition Scenario

Figure 2. No Action Scenario
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Figure 3. With Project Scenario

Figure 4.
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1. Introduction

A process for using risk analysis for determining the potential hydraulic impacts of the River
Islands at Lathrop Project was developed in cooperation with the U8, Army Corps of Engineers
(USACE). This procedure is outlined in the document “Proposed Ground Rules for Section 408
Risk Analysis of Potential Impacts of the River Islands at Lathrop Project” which is provided in
Appendix A. 'This procedure will be referred to herein as the Ground Rules. The procedure was
hased on a similar process developed and used for the Natomas Levee Improvement Program
being undertaken by the Sacramento Area Flood Control Agency, which relied heavily on a
demonstration of a process for risk analysis performed for USACE hy WEST Consultants
(WEST 2009) .

This report documents the hydraulic analysis outlined in the Ground Rules. The hydraulic
analysis was used to produce the Inflow-Outtlow Relationships as per Section 4b of the Ground
Rules and the Flow-Discharge Translorm Functions as per Section 4¢ ol the Ground Rules,

The Risk Analysis utilizes the hydraulic uncertainty described herein along with the hydrologic
uncertainty to calculate an annual probability of levee avertopping under the study scenarios
specified in the Ground Rules, This caleulation is thought to provide a more complete view of
the risks of a proposed project than a less complex deterministic analysis that would only address
changes in water surface elevation for a particular flood event,

2. Hydraulic Simulation Model

A HEC-RAS computer simulation model of the lower San Joaquin River (LSJR Model) was
used to perform hydraulic analyses. TTEC-RAS is a computer program developed by the ULS,
Army Corps of Engineers Hydrologic Engineering Center that performs one-dimensional steady
and unsteady hydraulic calculations for a full network of natural and constructed channels.
Version 4.1 of HEC-RAS was used for this analysis. The LSJR Model was calibrated using the
January 1997 flood event and the February 1998 high flow event, The development. calibration
and verification of the model are described in detail in the MBK Engineers report “Lower San
Joaquin River (LSTR) HEC-RAS Hydraulic Computer Simulation Model Development,
Calibration and Verification™, dated January 27, 2006 (MBK 20064).

The LSJR Model study area includes the San Joaguin River from Vernalis to the Stockton Deep
Water Channel, Old River lrom the San Joaquin River to the west end of Fabian Tracl near
Clifton Court Forebay. Middle River from Old River to Highway 4. and the entirety of Paradise
Cut, Salmon Slough and Grant Line Canal. A schematic of the LSJR Model river reaches is
provided in Figure 1.

The upstream boundary condition for the LSIR Model is the San Joaquin River basin flow at the
latitude of Vernalis. The downstream boundary condition is the river stage at the following
locations;

o San Joaquin River at Stockton Deep Water Ship Channel

« Middle River at Victoria Canal

s  Grant Line Canal at Old River

s Old River near Delta Mendota Canal above Barrier
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Figure 1. Lower San Joaquin River HEC-RAS Model River Reach Schematic

3. Hydrology

The hydraulic analysis used flows computed by the USACE for the Sacramento and San Joaquin
River Basin Comprehensive Study (Comp Study) (USACE 2002) using a UNET model of the
San Joaquin River basin. UNET is the predecessor of the unsteady flow routine in HEC-RAS.
The flows used for this analysis were from San Joaquin River UNET model sirmulations that
assumed that levees would overtop without failing.

The Comp Study hydrology was developed for a number of storm centerings that were designed
to stress the flood control systemn at specific locations. As specified in Section 3a of the Ground
Rules, the San Joaguin River mainstem at Vernalis storm centering was used for this analysis.

The hydrologic data set contains flow data for the following flood frequencies: 2-year (50%),
10-vear (10%), 25-vear {4%), 50-year (2%), 100-vear (1%o), 200-year (0.5%) and 500-year
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(0.2%). The 200-vear and 500-year inflow data sets include {low that enters the LSJR Maodel
study arca by way ol the [loodplain on that east side of the San Joaquin,

4. Index Points

The Flow-Stage Transform Functions and Inflow-Outflow Relationships are developed for
specified locations referred to as Index Points. [lach Index Point represents a river reach. The
location of most of the Index Points is the location in the representative reach with the least
amount of levee freeboard. that is, the location of the low point in the levee crown relative to the
river stage. Additional Index Points. namely PC2 and PC3, were added because they represent
locations with greater deterministic water surface elevation impacts. A total of twelve Index
Points have been defined for this project as summarized in Table 1 and shown in Figure 2.

Table 1. Index Points

Foidags Dar_sign Top Exi:fl.ing Top
: 1 of Levee of Levee
Point | Reach Location Elevation® levals
1D. ¢valion ) E lT‘\ralIOl'l
(tt. NAVDEE) | (ft NAVDEE)
San Joaquin River
SIR1 | Vernalis to Paradise Cut (RM 69.8 to RM 584) 63.24 34.5 342°
SIR2 | Paradise Cut to OId River (RM 38 4 to RM 53.3) 57 81 292 2827
SIR3 | Old River 1o model boundary (RM 333 to RM 39.7) 47.80 2005 208"
Paradise Cul
PC1 All 2679 26,2 263"
PC2 | All 2393 253 2407
PC3 | Al 115.7 22.2 2467
Old River
OR1 | San Joaquin B to Middle R (Sta. 301 4 to Sta, 85.5) 1420 220 22,07
OR2 | Middle R to Paradise Cul (5ta, 85.5 1o Sta. -10.4] 704 172 1003
OR3 | Paradise Cut to model boundary (Sta, <70 .4 to Sta. -588) -314.3 na " 18.0"
Middle River
MR | All 26251 na® 18.0°
Salmon Slough
351 All 146.8 16.8 LB
Grant Line Canal
GLC1 [ Al 36 na © 205"
1

Hydraulic model cross-section ID. San Joaquin River and Middle River are referenced to Comp Study River
Mile. Paradise Cut, Old River and Grant Line Canal/Salmon Slough are based on mdividial reach stationing
on 100 foot ncrements

From San Joaguin River Fload Control Project Design Memorandum No. 1 (1955 profiles). Converted from
vertical datum NGVD 1929: 0 ft. NGVD 1929 = 2.4 fi. NAVL) 1988 (Carlson, Barbee and Gibson survey).

Source; California Levee Database,

Source: DWR hathymetry survey. 1997, Converted from vertical datum NGV 1929 Ot NGV 1929 = 2.4
i, NAVD 1988 (Carlson, Barbee and Gibson survey).

Bource: Comp Study lopography, Converted [rom vertical datum NG VD 1929: 0 [t WGVD 1929 - 2.4 11
MNAVID 1988 (Carlson, Barbee and Gibson survey).

Mot a Federal Project levee,
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Figure 2. Index Point Location Map

5. Hydraulic Uncertainty

The calibrated hydraulic model computes a “best estimate™ of flows and stages, but there is a
potential range of flows and stages due to uncertainty in the hydraulic parameters that the model
uses. In order to test the sensitivity of the model results to these parameters, an uncertainty
analysis was performed as per Section 4d of the Ground Rules. The parameters used in
hydraulic modeling that have the most uncertainty are the Manning’s roughness coefficients (n-
values) and the weir coefficients for levee overflow weirs (weir C). In order to quantify the
hydraulic uncertainty related to these hydraulic parameters, the following simulations were
made:
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Hydraulic Uncertainty n-value (change [rom Levee weir C
Sinulation best estimate value) (best estimate C=2.8)
HU1 +20% 26
HUZ2 -20% 2.6
HU3 120% 31
HU4 -20% 31

The 20% variation in n-values was arrived at [rom sensitivity simulations of the model
calibration. Simulations of the calibration model were made with n-values varied plus and minus
10% and 20%. Review of the results of the sensitivity analyses indicated that 20% is a
conservative variation for n-value unceitainty, as illustrated by the maximum water surface
profiles plots provided in Appendix B. The weir C range 1s based on the “typical range™ for
broad crested weirs from Table 8-1 in the HEC-RAS Hydraulic Reference Manual (USACE
2010).

The hydraulic uncertainty range is defined by the maximum and minimum values computed by
the hydraulic uncertainty simulations. Hydraulic uncertainty ranges were computed for the
Flow-Stage Transtorm Functions (see Section 7) and Index Point Outflow (see Section 8.2).

6. Study Scenarios
The analysis was performed for four scenarios as specified in Section 2 of the Ground Rules:

1) Base Condition (“Base™): System prior to consiruction of the River Islands interior levees
that form the Phase 1 protected arca shown in Figure 3.

2) Euisting Condition (“Ixisting™); Base Condition plus existing Phase 1 protected area as
shown in igure 3. The Phase 1 protected area. which covers about 25% of the
development area, 18 protected by levees completed in 2006 and acceredited by FEMA.

3) Modified Condition, Cumulative with No Federal Action (**No Action’): This scenario
evaluates hydraulie impaets for flood protection which could be built without triggering a
Iederal action. This scenario consists ol a FEMA accredited interior levee that does not
come in contact with Federal Project levee or any waters of the 1.8., as shown in Figure 4,
Urban levees are assumed to have a minimum of three feet of freeboard on the 200-year
flood event.

4) Modified Condition. Cumulative With Project (“With Project™): This scenario includes the
improvements for River Islands as described in “Lower San Joaquin River HEC-RAS
Model, Modeling of River Islands at Lathrop Post-Project Conditions™ dated May 10, 2006
(MBK 2006h), with the following changes The proposed “back-bays™ on Old River.
designated as OR1 through OR7 in MBK 2006b, are no longer part of the *With Project”
condition. The “With Project” alternative & shown in Figure 5. Urban levees are assumed
to have a minimum of three feet of freeboard on the 200-year flood event.

In all scenarios it is assumed that all of the San Joaquin River Flood Control Project (SJRFCP)
levees are in compliance with minimum design [reeboard requirements. That is, if existing lop
of levee elevation data indicated that a levee is [rechoard deficient relative Lo the STRICP design
flood plane (1955 Profile), the hydraulic model was modilied to increase the top of levee 1o meet
the minimum authorized height.

Ln
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e

Figure 5. With Project Scenario

7. Flow-Stage Transform Functions

The Flow-Stage Transform Function for a given Index Point is defined by a set of maximum
stages and flows computed by the hvdraulic moedel at that Index Point. As specified in the
Ground Rules the hydraulic analysis used for this purpose assumes “infinite levees”. The
purpose of this is to ensure that the Flow-Stage Transform Function extends above the top of the
levee.

Hydraulic model simulations were run with the seven flood events described in Section 3; 2-,
10-, 25-, 50-, 100-, 200- and 500-year. The maximum flow and stage computed for each flood
event defines a point on the Flow-Stage Transform Function. The Flow-Stage Transform
Function was extended below the 2-year flood maximums through the use of rating curves
derived from the hydraulic model sirmilations. In spite of the “infinite levees™ assumption the
Flow-Stage Transform Functions for Index Point GLC1 did not extend above the top of levee for
the Best Estimate and Hydraulic Uncertainty Bound 2 scenarios. These finctions were
extrapolated above the top of levee based on the slope of the function between the 200-year and
500-year points. Flow-Stage Transform Functions were not developed for the Paradise Cut
Index Points (PC1, PC2 and PC3) because reliable Inflow-Qutflow Relationships do not exist
due to backwater conditions caused by floodplain flows returning to the river channel. An
alternative method based on Stage-Frequency relationships was employed as described in
Section 9 of this report.
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The final Flow-Stage Transform Function data points ar¢ tabulated in Tables 2 and 3. Plots of
the final Flow-Stage Transform Functions with hvdraulic uncertamty bounds are provided in

Appendix C.

Table 2. Flow-Stage Transforin Functions: Base, Ixisting and No Action.

Best Estimate

Hydmulic Uncertainty Bound |

Hydraulic Unecerfainty Bound 2

MBK Engingers 82510

River 1slands Hydraulic Analysis for Boand U 2010-08-25 docx

Stuge = Shige = Slage
Index Point Flow 5) | 5 wavpesy | OV | g navose | POVES | NA%’?}&S)
SJR1 0 2.4 [0 2.4 {) 2.4
(RM63.24) 11.260 17.0 11.260 17.7 11,280 16.2
- 17.300 20.1 17,300 208 17,300 19.4
Top of Levee - - - =
— 3420, 35.100 26. 1 35,100 269 35100 252
NAVDEER 42.300 27.8 42,300 287 12,300 26.9
47.500 29.0) 47,500 209 47,500 28.0
77100 34.6 77300 356 77,400 334
122.200 1.1 122 300 2.4 122900 397
163,300 16.6 163,100 48.2 163,600 45,0
SJR2 0 2.4 i 2.4 I 2.4
(RMS7.81) 10.970 142 11.020 14.8 10,970 13.6
sl 15.800 16.7 15,300 17.2 16,400 16.2
l'op of Lever = - o =
3811t 27.900 21.7 27,200 27 .4 28,600 20,9
NAVDER 32,500 233 31700 2440 33,400 22.5
35,700 24.4 34,900 25.1 36,700 23.5
54,300 29,7 53,100 30.6 55,700 28.8
R2.400 36.3 81,000 37.5 84,600 35.1
107,900 41 8 105,800 30 110,800 10,6
SIR3 0 2.4 0 2.4 0 2.4
(RM47.80) 4,560 10,1 1670 10.3 4470 9.y
— 7,060 11l 6.900) 114 7.200 1.9
I'op of Levee : < g
“0R 12,600 14.1 12.400 14.6 12,900 13.6
MAVDER 14,600 152 14,200 15.7 14,200 14.6
15,800 50 15,400 16.3 16,200 15.3
22,500 19 | 22,400 20.1 22.700 18.2
34,200 24.0 34,100 25.1 34,300 22.7
44,900 2178 44,600 29/ 45,100 26,4
OR1 0 2.4 [i 2.4 [0 2.4
(Sta. 142.0) 6.250 10.0 6,250 10.3 6,290 0.8
Top of Levee 8.800 115 R.400 I 1 u @-,2 0o 11, |
O 15.200 15.0 14,900 15.6 15.700 14.5
NAVDESR 17,900 16.3 17,500 16.9 18,400 5.6
19,000 17.2 19,500 17.8 20,500 16.5
31,700 21.5 30,000 22.2 32,900 20.7
48,000 26.5 46,500 274 50,100 25.6
62,900 30.4 61,000 als 65,500 293
8
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Table 2. Flow-5tage Transform Funclions: Base, Ixisting and No Aclion.

Bast Estimate Hydraulic Tpeerfainty Bound | Hydrawlie Uneertainty Bound 2
Index Point Hlow (cfe) | r?.-?%%ss; ow el | id \JTS‘??:NS) Flow el | ¢ rf‘fu\l%%ssa
OR2 U 2.4 i 2.4 i 2.4
(Sta. -70.4) 5710 £4 5720 a0 3,750 8.8
i 9400 0.4 9.500 9.5 9300 9.2
Top.of Levee =
1900 20,500 115 20,800 1149 20,300 110
NAVDSS 25300 124 25,600 129 24,900 [0
28,900 13.1 29.200 13.7 28400 12.6
49400 16.5 49,200 17.2 49500 15.8
78.900 20.6 78,000 2] .5 70,000 19.6
106000 23R 105800 248 106000 22.7
OR3 0 2.4 i 2.4 i 24
(Sta. -314.3) 1.280 8.7 1,280 8.7 1.290 8.7
g 2y = 2100 8.9 2.200 8.9 2,100 fs
Top of Levee o
SIRO 4 800 90 4.900) 10.1 4,700 9.7
NAVDSR 6,200 10.5 6,400 109 6,000 10.2
7,300 112 7,500 11.6 7,100 10,8
13.600 13,9 13,600 14.5 13,500 13.4
22.900 17:4 23.000 182 22,900 16.6
31.700 203 31600 21.2 31,700 19,3
MR1 il 2.4 i 2.4 [i 24
(RM 26.251) 520 92 530 2.3 520 9.1
= 900 10.0 310 103 8O0 08
Top of Laves
IR0 R | 940 125 1,950 13.0 1.940 121
NAVDER 2.390 13.5 2,390 1.0 2.380 13.0
2.720 1422 2.730 14.8 2.720 13.7
4,840 178 4,790 184 4,880 171
8.230 22.0 8180 22.8 8300 21.1
11.440 253 11,450 20.3 11,610 24.3
S81 0 2.4 [i 2.4 0} 2.4
(Sta. 146.8) 1430 89 L0 8.9 1450 88
-9 7.260 u3 7.320 U4 7,150 9.1
['op of Leves ~ . = ¥
186 15,730 1.3 15,830 11.7 15,540 10.8
NAVDES 19_100 12.2 19,240 123 18.950 112
21,560 2.9 21,720 135 21,360 12:4
35,800 162 35,600 16.9 35,930 15.5
55,050 203 55,890 21.2 56,000 19.3
233 71,000 24.5 74,160 22.3
GLC1 0 2.4 i 2.4 [i] 2.4
(Sta. 23.6) 4,430 8.8 4440 8.8 4,450 8.7
e 7.260 0.0 7.320 9.1 7.150 R.9
['op of Levee - £ -
=305 1. 15,730 103 15,830 10.6 15,540 10.1
NAVDRE 19,100 11.0 19,240 114 | 8,950 1.7
116 21,720 12.0 21.360 11.2
142 33,590 14.7 35,420 13.6
17.5 55,880 183 55,000 16.6
30.2 71,380 21.2 75.070 193
9
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Table 3. Flow-Stage Transform Functions, With Project.

MBK Enginsers 82510
River 1slands Hyvdraulic Apalysis for Roand U 2010-08-25 docx

Bast Estimate Hydmulic Tpeertainty Bound | Hydrawlie Uncertainty Bound 2

Index Point Rlow (efe) | r?.i!%%ss; Flow (e | (4 yavpsgy | POV E® | @ o
SJR1 0 2.4 0 2.4 [i 7.4
(RM63.24) 11.260 17.0 | 1260 17.7 11,280 16.2
. 17.300 20.1 17300 208 17.300 19.4

Top.of Leves > : -
T 35,100 26.0 35,100 26.8 35100 25.1
NAVDER 42.300 278 42 300 8.6 42,300 26.8
47500 280 A7.500 298 17.500 27.9
77.100 4.5 TT.000 15.6 77,400 334
122,200 41.0 122,200 423 123,100 30 G
163,100 6.5 163,100 12,1 163.500 14,9
SIR2 0 2.4 i 2.4 0 24
(RMS7.81) 10.990 14.2 11.040 14.8 10,980 13.7
T Tl 15.800 16.7 15200 17.1 16,400 16.2
R 27.400 215 26,700 222 28.100 20 8
NAVDSS 32.000 231 31.200 230 32,800 22.3
35.200 1.2 31,400 254 36,200 23.4
$3.700 296 52400 30.4 55,100 28.7
21,600 36.1 80,300 373 £3.900 35,0
107.000 41.6 104,800 420 110,100 40.5
SJR3 0 2.4 [0 2.4 i 24
(RM47.30) 4,570 10.1 1680 10,3 1,180 9,0
oo e 7.000 11.1 6,800 114 7200 10.9
BT 12.500 14.0 12200 145 12,700 13.5
MAVDER 14,400 151 11,100 15.6 14,800 14.5
15.700 158 15.300 16.4 16,100 153
22 400 19| 22 300 20.0 22600 182
34,100 239 33,900 25.1 34.200 22.7
44,700 1.7 44,400 29.1 45,000 26.3
OR1 0 24 [i 2.4 0} 24
(Sta. 142.09 6.250 10.0 6,260 103 6200 9.8
Top of Levee §.700 1.3 8300 1.9 5200 11.1
2204 14,200 15.0 14,500 15.5 15,400 14.4
NAVDER 17.600 16.2 17.200 16.8 18.000 15.6
19,600 17.1 10,100 17.7 20,100 16.4
31200 214 30,000 22,1 32,500 20.7
47,400 26,5 45,800 274 49,600 25.5
62.100 30.4 50,100 311 64,900 20.3
OR2 0 2.4 0 2.4 [i] 2.4
(Sta. -70.4) 5710 89 5740 9.0 5.740 8.8
S & 9400 9.4 9500 9.3 9.300 92
'op of Leves
—109 20,700 115 20,900 1o 20,400 111
NAVDRS 25,400 12.4 25,800 129 25,100 [1.0
20.000 13.2 20300 13.7 28.600 126
40600 16.5 49,400 17.2 49 600 15.8
79.000 20.6 79,000 21 5 70,000 (9.6
106,100 238 105900 248 106.000 22.7
10
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Table 3. Flow-Stage Transform Functions, With Project.

Rest Estimate Hydmaulic Tncerfainty Bound | Hydraulie Uncertainty Bomund 2
o ; - Stage -
Index: Point Flow (¢f) | (g, r?.?%%ss; Flow (o) | (4 yavpsey | FOWER | r??%‘%sm
OR3 0 2.4 0 3.4 0 24
(Sta. -314.3) 1.280 87 1.200 87 1,280 B7
. = 2,100 g0 2200 8.9 2100 i8]
Top of Levee - = S
~18.0 . 4,800 99 5,000 101 4,800 9.7
NAVDRR 6200 106 o400 10.9 6.000 10.2
T304 112 7,500 116 7.100 10.8
13,600 139 13,700 14.5 13,600 13.4
23.000 17.4 23,000 182 22,900 16.6
31,700 20.3 31.700 212 31_800 19.3
MR1 0 24 0 2.4 0 24
(RM 26.231) 520 9.2 530 0.3 520 9.l
| . 900 10.0 10 103 800 98
Top of Levee =
“1R.0 1,930 125 1.940 13.0 1,940 12.1
NAVDSR 2370 13.5 2,380 14.0 2.370 13.0
2,710 112 2710 14.7 2,700 13.7
4.820 178 4770 18.4 4,860 171
8.200 22.0 8150 228 8.200 2.1
11,430 352 11.440 20.3 11.600 24.3
S81 0 2.4 0 2.4 0 2.4
(Sta. 146.8) 44130 g.a L450 8.0 1,450 8.8
Top of Levee T_,zoo a3 7j3o0 0.4 7:1 §0 0
o 15,850 113 15940 1.7 15,670 109
NAVDER 19200 12.2 19340 12.7 19,060 11.7
21.650 12.9 21.810 13,5 21460 12.4
15910 163 35.710 170 36,000 155
56.010 203 35.970 21.2 56,040 19.3
74,270 23.5 74,150 246 74,170 22.3
GLC1 0 2.4 0 2.4 0 24
(Sta. 23.6) 1,430 88 4450 88 1450 87
Top of Levee 7.260 9.0 7.360 9.1 7,150 8.0
2056 15,850 103 15.940 10.6 15,670 10.1
NAVDES 19200 1.0 19340 114 19060 10.7
21.650 1.6 21810 12.0 21.460 11.2
35910 142 35,700 148 36,000 13.6
56.000 17.5 55.060 18.3 56,030 (6.6
- 20.1 73,150 21.0 74,400 19.2

B. Inflow-Outflow Relationships

Intlow-Outflow Relationships were developed for each of the Index Ponis except for those on
Paradise Cut due to backwater atfects as noted carlier. The Inflow-Outflow Relationship defines
the relationship of the system inflow above a given Index Point and the resultant flow at that
Index Point for cach study scenario,

11
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8.1 Inflow

The “Inflow™ for a given Index Point is the maximum flow from a summation of all of the

hydraulic model inflow hydrographs upstream of thai Index Point. The LSJR model has a single

upstream boundary (Figure 1). The “Inflow™ for all index points is therefore defined as the
flow of the inflow hydrographs. The “Inflow™ for each flood frequency is listed in Table 4.
Inflow hydrographs are shown in Figure 6.

Table 4. Inflows.
Flood Frequency (vears) Peak Flow (cfs)
2 17,320
10 35110
25 42310
0 47.660
100 78,100
200 144,390
500 223,990
240 +— e — . - e
| | | | | | | | | | | ‘ |
220 4+— P | : - S .
i ﬁ \ | l L L =savs 1
200 1 T T 1 aew T
| \ | | | - = 10Year |
180 4—. e ! | e 25 Year
l | ! l \ | | ! - 50-Year |
160 7777 T 1 T —T| —--100vear [T
- | | ol \ | = 200-Year |
n o | |
:' HU [ 1 i‘-\ ‘\ | —— 500-Year |
g 120 4— - B - : -
= [ | I i [ |
= | I hr ] | \ | | | .
Sl S g 1 T
PRl I Oty T AL b . Lol
[ i TS _'[."'_--:w. | | |
80 121 O > \F ~ | | i
7 .:’. T =1 ~ ‘.‘_“::"t'."- :-'""""'---.._‘ T
Pra i h, P28 et s i it =t L 10 2 B = = S D — |
Zﬁ,— ,--L R |- ; .} S I T i _""‘I:"T‘* f--...._!__.:_'.'.’.'..‘:'_u.l.a:-
20 o | ﬁ ' Bt ke - S O VS
T o T i [ ] 3 L e
i 1 | i e e s
1171900 0:00 1/22/1800 0:00 1/27/1900 0:00 211900 0:00 2/6M900 0:00 211 8000:00
Date/Time

Figure 6. Inflow llydrographs

8.2 Outflow

peak

The “Outflow” for a given Index Point is the maximum flow computed by the hydraulic model at

that Index Point. Outflows were computed for each of the scenarios described in Section 6.

The

hydraulic simulations assumed that levees would overtop without failing, as specified in Section

l1a of the Ground Rules.
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The Inflow-Qutflow Relationships are provided in Table 5. Plots of the Inflow-Outflow
Relationships are provided in Appendix D. The hydraulic uncertainty bounds shown are the
result of the hvdiaulic uncertainty simulations described in Section 5.

9. Stage-Frequency Functions

The peak flows at Index Points PC1. PC2 and PC3 are affected by backwater conditions in the
200-year and 500-year simulations due to floodplain flows returning to the Paradise Cut channel.
This condition leads to inconsistencies between the Inflow-Outflow Relationship and the Flow-
Stage Transform Functions since the Flow-Stage Transform Functions are based on infinite levee
conditions which would not account for the effects of the return flows. For these Index Points
stage-frequency functions were developed and are provided in Table 6. Plots of the stage-
frequency functions are provided in Appendix E.

10. Deterministic Impact Resnlts
The computed maximum water surface elevations and [lows al each of the Index Poinls are

provided in Table 7 and Table 8, respectively, This data is not part of the risk analysis but is
provided for information only,
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MBE Engineers B
River Istumnds Hydrm

10
Anitlysis for B and 17 200 0-08-25.docy

Table 5. Inflow-Outflow Relationships,
Quttlow (cfs)
Hase Existing No Action With Project
Index Fre Inflow
Polnt uency (efs) HU = Best HU = Best nu- | HU- Best HE - Best HU -
Min. Est, Max. Est. Max. Min. Est. Max. Est. Max.
3 = - —=
SIR1 347 17320 1 7,280 17300 17310 17.280 17.300 17310 17280 1 7300 L1310 17200 17.300 17,300
L] 147 35110 350180 35 091 15060 35,080 35,4080 35 00 35,080 35,0600 35,090 15480 35,000 5.6190
63.24) 2541 42310 43360 42,250 02360 42270 42,350 42,260 42,250 42260 12,370
Siyr AT, 660 AT AT A0 TA40 AT AS0 ATATO A Tudan
1iiyr T8.100 71330 12340 1T.330 o0 J2.340 771330 T AN 77300 77510
20ikyr 144340 G1Lu80 | 1neso | ka0 grss0 | iwozdo | iAo 91950 | 10230 | ckda0 | w2000 | dlezte
Siifr 273 Y90 srsgo | ovissio | oszoeo | ovase ) ovigsio | owoome | oeveso | oviesw |osaess | oo7gso |opissss
SIR2 ¥t 11,420 15,020 15750 L6470 15,0020 18,750 16870 13,020 15,750 16,970 14, 70D 16,971
M 35,010 26,040 20450 26 0) AT0 24,430 26,600 27,870 294560 26,1600 28,930
5781 31,050 A1.0850 32484 34320 31050 30,550 31,450 33 80
01 34,070 170 35740 37780 34170 33630 35,241 37260
L00-Ye s4830 | sT1s0 47,560 47010 sl
200-Ye 144,350 45,7000 15320 | 59700 15070 45,320 s | seas0
-V 223 550 A0, M G180 1,600 3] ﬂ ] 70 ﬁl,a (1] 50,1350 61410
SIR3 P s 17320 5320 TN 280 6.820 7000 T.I80 7,000 7280 6,730 7010 7,280
(HM HYr 35,110 12,630 13,1641 12120 12,630 13,160 12,530 13,160 LLo80 12.890
17.80) 35¥r 12,310 13,900 14,560 15,300 14,560 I 13770 14420 15,140
S0-¥r 16, 700 15,070 15754 16700 ST 15,780 L6 T L4 15,660 16,45
100-¥r 78,100 12180 | 23130 14,550 22080 | 23130 19,550 22180 73,120 15,560 12140 3,000
200-¥r 144490 23010 | 26680 29.720 2430 | 26710 | 2075 23,560 26870 | 9000 23550 26,880 20900
Si0-Y7 223,940 0 ECT 32,540 H1a0 | 38150 31540 20090 | 28190 12,630 2200 | 28160 32,600
QR 2N 17.320 $.200. £.750 9,600 8200 8,750 9640 8,200 8,750 9,641 000 H.740 4680
(Sta LT EEA R L8520 15,350 16,290 14,520 15350 16,290 14,520 16,290 (ENR 1890 15,930
42,0 25K 42,310 17040 17u30 19020 17,440 1420 L7140 17930 15020 16,770 17.560 18650
0¥t 17,660 19,070 1940 | 31070 14,070 15,840 21,070 19,070 19,940 21070 18,660 19560 201,650
L-Yr 78,160 25,980 31,220 34010 15 Uil b0 | s 25,550 31,220 3L 25,720 3410 33,560
200-%T 144, du0 30780 36930 45330 41, 76l 36430 4534 30,760 16930 45320 0470 36640 A8.030
S00-YE 223 G40 1530 | 3zao | asoso 1} 530 38040 | 48070 31 540 38240 48,070 3260 | 38030 17880 |
14
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Table 5. Inflow-Outflow Relationships.

Outflow (cfs)
Hase Existing No Action With Project
Inlex Fre Inflow
Polnt queney (efs) Best HU = HU - Best no- HUT = Best HE - HU - Best HU -
Est. Max. Min. Est. Max. Min. Est. Max. Min. Est. Max.
—_— = — — - —
OR2 2-YT1 17,330 S.A00 4530 o160 9.3h0Hp 9,530 4. et 9400 49,530 AT 2,000 30
|5t 0¥ 35110 20514 21010 14,580 20510 21010 14580 20,510 I RULE 21684 21150
-704) 154 42310 252290 35920 24,580 252910 25920 24,580 25260 15,920 15430 2600
S0-YT AT 660 28850 20,510 27,990 28.850 28,510 27950 28.350 3 28090 249,650
LU0- ¥y 78,100 48540 49,140 12,360 48540 19,140 42360 | | 49000 12,950 18970 5. 240
200-Yr 144300 73130 73130 i1 0200 10,510 71470 AR010 82,000 G430 14,040 #0861
S00-Yr 273 90 99,174 {08700 | 113,160 LENTI) 108970 ) tiasan | ogoesid | wegso | oaesare | ororgod | onicasn | 117340
OR3 ¥t 11420 2,080 2140 2170 2.Ut 2170 3,080 2,140 2170 2,080 2130 21
15t 35110 4470 LT8O 5.070 A.L70 5070 1.670 A, 780 5070 4710 A820 5120
343 5.780 180 6.550 5780 6550 5,780 4,180 6,580 5830 6,230 Aie0
0T h.830 165 f.8310 TASD 683 7200 T.H50 #8370 7,330 7400
L00-Ye 11,580 13,330 11,580 13,330 11,580 13,330 13,330 11,770 13460 13,450
200-Y'r 144390 19,330 21010 18.510 20400 19.690 22,800 3810 18,450 21330 23,440
3000-Vr 233 550 22,9580 20 32:620 23,040 323 37,740
MR1 YT 17320 9301 0 a0 0 3n S0l 934
(EM 1Y 35,110 1.950 L2 1950 Ly Lusa 1,930 T
26.251) 35-¥r 42.310 400 2381 2350 210 2370 2380
S0-¥r AT 660 2740 p i) 1740 rAul) 1700
100-¥r T8 100 1,900 1,120 4.820 1900 4120 {900 4150 1K30 ABRD
200-Vr 14430 7,230 560 a4l 7320 ST70 1790 5,580 G0 740
S00-Vr 223900 6,670 9470 6670 7,060 9470 6.540 5480 £.580 7850 9490
551 ¥ 17.320 7,080 7360 7080 7.260 7a60 g0 1360 7080 7,260 TA30
iS5t [LEN 3510 15,310 15530 15310 15,730 15.930 15,310 15,930 L5440 15,850 16,0410
1463} 25¥y 42310 18,794 19.100 19,370 18,790 191100 19.570 18750 (EA L] 19370 18610 19.200 19470
S0YT V76600 20460 21360 21850 2], 160 21,5611 21,850 20,160 21,560 21.850 2,270 11650 31450
Lui-yr 78,160 30780 35200 35,790 1. THD 33300 35,700 37RO 3Lz 35490
200 ¥ 144 8 47 4l 1,880 S1.880 Ha,.59) S0.020 S50 A8 S5 400 ST AU 53,580
S00-Yr 223 490 58650 67210 74,9100 54,53 #7271 4570 40,000 H7AT0 75400 il 1500 47,200
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Table 5. Inflow-Outflow Relationships.

MBK Emgineers 82510

River Tslimds Hydmalic Amlvsis for 1 and U7 2000-08-25 docy

Outflow (cfs)
Hise Existing Ne Action With Project
Tndes Fre Inflow
Polnt Juency {cfs) HU - Best HU = HU - Best - HUT - Best HIG - - Best HU -
Min. Est, Max. Min. Est. Max. Min. Est. Max. Min. Est, Max.
= —-t =

GLCY 2yt 17,320 7,0 7,260 7.360 7,080 =080 7260 7360 ) 7,260 7430
[5ta. 10-Y7 35110 15,310 15,730 | 3,930 15,310 15,730 15310 15730 13,930 LS, 440 15850 L5040
21.6) 25T 42340 18,790 19700 19370 |8, 790 19,100 12,370 18,790 19,100 18900 19204 19470

S04 AT 660 21,060 21.560 21850 21, |6t 21.850 21 16U 21,5A0 21,850 21,27 e KR

L= 18000 30,780 352000 35,780 30,7810 35,780 30,780 35200 35,780 31210 35450
200-¥s 144 3690 47.940 SR80 L850 46,470 S0 S, 910 48,830 557 57,960 45090 | 82530 $5.200
S00-YF 273 Y90 sy | 67200 74,901 sgsm | erae0 | 7m0 [ AT A5 75 390 G130 | 67796 756000

I Hydraulic Unceramty
(14

MBK Engineers

River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx

B-20




Table 6. Stage-Frequency Relationships for Index Points PC1, PC2 and PC3

Maximum Witer Surface Elevation ([t NAVDES)

MBK Emgineers 82510
River Iskimids Hydmulic Amulysis for I U 2010:08-25 docy

Base Existing No Action With Project
Index Fre-
Paint quency HU - Best HU — HU - Best Hu - H— Best HU- HU - Best HU-
Min. Est. Max. M. Esl. Max. Min. Est. Max. Min Lst. Max.
- e —— e - — - ——— ———— - — - —

Py g1 11.3 13.8 153 1.3 13.8 15.3 1.3 138 153 11.3 138 156
(Blg, 267 9) | Oyt 17.1 19.2 208 171 192 0.8 17.1 192 208 17.3 19.2 2018
25y IB.6 206 223 186G 206 223 186 2.6 223 18.7 206 222
Alkyr 196 2L 233 19.6 215 33 196 215 233 19.5 215 232
1N byr 235 256 264 235 256 164 235 256 264 235 256 263
20Kyt 263 284 29.1 26.7 284 200 26.7 283 292 276 248 294
S(0-yr 31 307 311 301 ang 3R 301 307 311 301 3.7 314
pc2 2-yr 97 116 13.0 9.7 11.6 13.0 a7 116 13.0 97 11.4 129
{Sta. 239.3) 1i-yr 14.8 16.9 18.00 14.8 16.9 1810 148 1649 18.0 145 162 176
2541 163 175 19.0 16,3 |79 190 16,3 179 190 1538 I3 187
Slyr 171 18.5 187 171 18.5 1.7 171 185 197 166 18:2 194
Ty 19.7 214 22.0 19.7 214 2 197 214 230 19.4 21.1 21.7
200y 219 239 240 224 243 252 231 253 2o 24.0 26.1 26.7
SNyt 254 261 26,5 256 262 267 2610 267 Ee ] 270 215 280
PC3 2-yr 8.6 10.5 11.5 9.6 105 11.5 9.6 105 11.5 9.6 e 112
(St LI5T) 1iyr 13.1 142 15.2 13.1 142 152 131 14.2 152 17 13.8 14.7
25-y1 4.0 15.1 16.2 14.0 151 16.2 14.0 15.1 16.2 136 14.8 159
Alyr 146 15,8 1700 14.6 15,8 170 146 15.8 17.01 14.2 155 16.6
1k-yT 175 19.0 194 175 190 194 175 180 19.4 17.3 18.8 192
2Ky 19.9 2y 234 203 Ta.2 233 220 241 248 21.7 231 235
SO0yt 24.0 248 253 24.0 248 253 251 259 262 246 255 2600

HU' HUydraulic Uncertamty

17

MBK Engineers

River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx

B-21




Table 7. Deterministic Hydraulie Impacts, Maximum Water Surface Elevation
(Best Estimate Simulation)
Max. Water Surface Elevation (ft. NAVDES) Change (IL)
Cumul. — Cumul.-
Existing ixisting Base to Base to
Index Fre- No With to No to With No With
Point quency Base Existing Action Project Action Proj. Action Project
SIR1 2-yr 2013 2013 20,13 20,13 () () () 0
(M 10-yr 26407 26.07 26.07 25.99 1) .08 1 1008
63.24) 251 2782 27.82 27 82 2743 {) L1607 1) 1007
SO-yr 28.98 28 08 2898 28.91 i) .07 1) (.07
100-yr 34.50 34.50 34,50 34.46 0 004 [t} -4
200-yT 3538 3538 3538 35.38 {) 1] 4] 0
SO0-yT 3583 35.83 3583 35.83 8] 8] 1 ¥
SIRZ 2-y1 16.71 1671 16.71 16.71 ) ] 0 0
(RM 10-yT 21.66 21.66 21.66 21.5 t) .16 t) =0, 16
57.81) 25y 2326 23.26 23.26 23.12 { ) 14 t -014
St-yr 24.35 24,35 2435 2421 () -1 14 {1 -0.14
100-yr 29.49 29.49 29.49 2943 () A106 () 006
200-yr 3257 3257 32 58 3057 +H1.01 ! +(.01 8]
SO0-yT 34.35 34.35 34,35 34.35 0 4] 0 0
SIR3 2-y1 11.15 11.15 11.15 11.15 4] 8] 2] ¥
(RM 10-yr 1412 14.12 14,12 14.04 0 -0.08 0 .08
47.80) 25-y1 1518 1518 1518 15.11 0 -0.07 8] -0.07
St-yr 1589 15.89 1589 15.83 i) {06 () 0,06
100-y1 18.99 18.99 18.99 18.97 0 -(L02 0 -0.02
200-yr 20,96 20,97 21,04 21.04 H0.07 10.07 10.08 10,08
SUO-yr 2157 2157 21.59 2] 59 +H).02 +0.02 +0.02 H1.02
FC1 2-v1 13.78 13.78 13,78 13,75 0 -(1.03 0 -0.03
(Sta. 10-yr 1921 19.21 19,21 19,19 0 (.02 0 =002
267.9) 25-yr 20062 2062 20.62 2061 i) -(1.11] ] (101
S0-yr 2153 21.53 FAEY 21.51 0 02 0 -2
100-yr 25.63 25,63 25.63 25.58 U -1.03 1] -(.05
200-yT 28.36 28.44 28.50 28.82 +H1.06 +(),38 +{).14 -+, 46
S00-yr 30,71 30,72 30,73 30.66 +0,01 -L.06 +0,02 -0.05
PC2 2-yr 11.60 11.60 11.60 11.42 0 018 0 -0 1§
(Sta. 10-yr 16,87 16,87 16.87 16,21 3] ) 66 0 -0.66
239:3) 25-yr 17.87 17.87 17.87 17.48 0 0,39 0 -39
S0-yr 18.47 15.47 15.47 18.17 0 -0.30) 8] -0.30)
100-yr 21.36 2136 21.36 21.08 0 .28 0 .28
200-yr 2392 2431 2533 26.05 #1.02 .74 11.41 213
S{Kl-yr 26.06 2622 26.67 27 54 1045 +1.32 H.61 I'1.48
PC3 2-yr 1050 10.50 10,50 10.36 0 ) 14 0 -0.14
(Sta. 10-yr 14.22 14.22 14.22 13.78 0 -0.44 0 -0.44
L15.7) 25-y1 1514 15.14 1514 14.78 0 036 1] -0.36
S0-yr 15.80 15.80 15.80 15.48 0 -(0.32 0 NI
100-yr 16,00 19.00 19,00 15.81 0 -0.19 0 -(,10
200-yr 22,51 2223 24 11 23.09 1188 H).BH +1.60 1058
S00-yr 24 85 24 83 2595 25.50 1,12 +0.67 +1,10 10,65
18
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Table 7. Deterministic Hydraulie Impacts, Maximum Water Surface Elevation
(Best Estimale Simulation)
| Max. Water Surface Elevation (ft. NAVDES) Change (L)
Cumul. — Cumul.-
Existing ixisting Base to Base to
Index Fre- No With to No o With No With
Point quency Base Existing Action Project Action Proj. Action Project
OR1 2-vr 1149 1149 1149 11.49 () (] i) (0
(Sta. 10-yr 15.03 1503 15,03 14.97 () L1 0N6 {) =00 Uiy
142.00 25-yr 1627 16.27 16.27 16.21 () L1006 1) S
St-yr 1715 17.15 17.15 17.09 1) L6 1) 1106
100-yr 2131 2131 21.31 21.32 8] +0.01 1] +0,01
2060-y1 23.56 2343 23,85 23.72 +),42 +),29 +1,29 -+ 16
SO0-yT 24.61 24.61 24.60 24 56 -00.0] - 05 -0.01 -5
OR2 2.1 9.35 9,335 D.35 933 1) 1] i) 0
(Sta. 10-yt 11.46 11.46 11.46 1149 {) +.03 t) +H1.03
-70.4) 25T 12,40 12.40 12,40 12.43 0 +(),003 1] +),03
St-yr 1313 15313 1313 13.15 i) +3,02 1) +0.02
100-yr 16.36 16.36 16.36 16,43 i) +().07 ) H1.07
200-yr 1930 1945 20,50 19.93 +1,05 +{) 48 +0.70 +1.13
SUK-yT 22.60 22.61 22,64 22.70 +0.03 +).09 +0.04 +0.10
OR3 2-y1 885 ] B85 L] 8] ) 1) 8]
(Sta. 10-yr 9,85 0,835 9.85 9.86 0 +0.01 0 +0.01
-314.3) 25-yr 10,54 10.54 10.54 10.56 0 0,02 8] 10,02
Slleyr 11.17 11.17 11.17 11.18 0 +0.01 0 +.01
100-yr 13.81 1381 13,81 13.80 0 +0.05 0 +0.05
200-yr 16.74 16.45 17.34 16.56 0,89 H0.41 1060 10,12
SO0y 18.53 18.33 18.55 1558 +H).02 +() ()5 +0.02 H1.05
MR1 2-y1 16,01 10.01 10.01 10.01 0 0 Al 0
(RM 10-y1 1254 12.54 12,54 12,52 0 02 0 (.02
26.251) 25-yr 1353 1333 1353 13 50 i) (403 i} 03
S0-yr 14.25 14.25 14.25 1422 0 U035 1] -L.03
100-vr 17.53 17,33 17,53 17.54 0 .01 1] H0.01
200-yT 19.08 19.02 19.24 19.14 +H).22 +0,12 +0.15 1,05
S00-yr 19.68 19,68 19,67 19.65 -0,01 -0.03 -0 -0.03
551 2-yr 9.29 829 9.29 9.29 i 1] 1] 4]
(Sta. 10-yr ¥1.27 1127 1127 113 0 13,03 0 10,03
146.8) 15-yr 12,19 13,19 12,19 1223 0 10,03 0 10,03
SO0-yr 1291 12.91 1291 12.93 0] (0.02 0 10.02
1 00-vr 16.11 1611 16.11 1617 0 10.06 0 10.06
200-yr 19.52 19.17 20,22 19.65 11.05 F0.48 10.70 013
SO0-yr 22.30 22.31 22,35 22,40 10,04 0,09 105 1010
GLC1T 2-vr 9.00 9 00 900 9.00 0 0 0 0
(Sta. 10-vr 10,32 10.32 10,32 10,34 0 10,02 0 +0.02
23.6) 25-y1 11.01 1101 11.01 11.03 0 .02 1] 10,02
S0-yr 11.60 11.60 11.60 11.62 0 +0.02 0 10.02
100-y1 14.00 14.09 14.00 14.14 U (.05 1] +0.05
200-yr 1685 16,57 17.42 16.96 H1.85 .39 +0.57 H0.11
S00-yr 1919 19.19 1922 19.27 10,03 10.08 10,03 10,08
19
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Table 8. Deterministic Hydraulie Impacts, Maximum Flow
(Best Estimate Simulation)
' Maximum Flow (cf's) Change (%)
Cumul. — Cumul.-
Existing I xisting Base to Base to
Index Fre- No With to No fo With No With
Point guency Base Existing Action Project Action Proj. Action Project
SIR1 2-yr 17,300 17.300 17.300 17,300 0% (1% 0% 0%
(KM 10-yr 35,090 35000 35,090 35,000 0% 0% 0% 0%
653.24) 25-vr 42,260 42,260 12,260 12.260 0% 0% 0% 0%
SU-yr 4T AT0 47,470 47A70 17,470 0% 0% 0% 0%
1001 77,330 77,330 77,330 77,300 0% 0% (% 0%
200-yr | 91950 | 91,950 91,950 92,000 0% +0.1% 0% +0,1%
SUE-yr 97 680 97 680 97680 07,750 %% +0.1% 0% +0,1%
SIR2 2yt 15,750 15,750 15,750 15,750 0% (% 0% 0%
(RM 10-yr 27.870 17,870 27870 27,370 0% -1:8% 0% -1.8%
ST.81) 25-yr 32,490 32 490 32490 31,990 0% -1 5% 0% -1.5%
St-vr 35,740 35,740 35,740 35.240 0% -1 4% 0% -1 A%
100-y1 54.830 34,830 54,830 54.120 0% -13% 0% -1.3%
200)-y1 59.700 59.700 59.700 59 180 0% -[) 8% 0% -0 fog
00-yi ol 810 6l.810 6l.810 al,410 0% <)% 0% 1.6%
SIR3 2-yr 7,000 7,000 7.000 7.010 0% +0.1% 0% H).1%
(RM 10-vr 12,6030 12,630 12,030 12,470 0% -1 3% (% -1 3%
47.80) 23-yr 14,500 14,560 14,500 14,420 0% -1.0% 0% 1.0%
Stl-yr 15,780 15.780 15,780 15.660 0% =(1.8% 0% -{).B%
100-yr 22,180 22,180 22,180 22,140 0% -0,2% 0% -0.2%
200-yr 260080 26,710 26,870 26880 10.6% H),6% +0, 7% ), 7%
SOy 28,150 28,150 28,190 28.190 10.1% +0.1% 1. 1% 0.1%
PC1 2-y1 1,560 1,560 1,560 1,560 0% 0% 0% 0%
(Sta. 10-yr 7,210 7,210 7,210 1,720 0% +7.1% 0% +7.1%
267.9) 25-yr Y9 760 9.760 9. 700 10.230 (% +5{% 0% +5.0%
S0-yr 11,650 11,650 11,650 12,150 0% +4.3% 0% 4. 3%
100-yr 22,180 22,180 22,180 22 960 0% +3.5% 0% 3 3%
200-yr 27,660 27,660 27,600 28,920 (%0 +4.6% 1% +4.6%
SO0-yr 28,920 28,920 28920 30,620 0% +5.9% (0% +5,9%
PCZ 2-v1 1,560 1.560 1,360 1,560 1% (L2 0% 1%
(Sta 10-yr 7,210 7.210 7,210 7720 0% +7.1% 0% +7:1%
2393 25-yr 9760 9,760 9,760 10,250 0% +5.0% 0% 15.0%
SO-yr 11,650 11,650 11,650 12,150 (1% L4 3% 0% 14.3%
100-yr 21,180 22,180 22,180 22,960 (% +3.5% 0% 13.5%
200-y1 31,700 31,170 31,110 30,540 =) 2% -2.0% =1 9% -3 7%
SO0-yr 41.830 41,140 39,290 37650 -} 5% -8 5% &, 1% -1 0.0%%
PC3 2-yr 1,560 1.560 1,560 1,560 0% (% 0% 0%
(Sta. 10-yr 7.210 7.210 7210 7720 0% 1% 0% +7.1%
1157) 25T 9,750 U750 9750 10,250 0% +5.1% )% 15 1%
Sl-yr 11,650 I 1.650 11,650 12,150 (o +4,.3% 0% 14 3%
100-y1 22 160 22,160 22,160 22,0850 %% +3.6% 0% +3.0%
200-vr 33800 36,140 38,870 49,620 +7.6% 137.3% F14 8% H46.3%
S00-yr 44,050 45,240 48,430 57.830 +7.1% 1-27.8% FO, 9% 31 3%
20
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Table 8. Deterministic Hydraulie Impacts, Maximum Flow
(Best Estimate Simulation)
' Maximum Flow (cf's) Change (%)
Cumul. — Cumul.-
Existing I xisting Base to Base to
Index Fre- No With to No o With Nao With
Point guency Base Existing Action Project Action Proj. Action Project
OR1 2-yr 8,730 8.750 8.750 8.740 0% -0.1% 0% -0 1%
(Sta. 10-yr 15250 15,250 15,250 14,890 0% -2 4% 0% -2 4%
142.0) 25-yr 17.930 17,930 17,930 17.560 0% -2.1% 0% -2.1%
St-yr 12,940 19940 19,940 19,560 0% -1.9% 0% -1 9%
100-y1 31,220 31,22 31220 30,910 0% -1 (0% 0% -1 %
2060-y1 36,930 36,930 36.930 36,640 0% -0.8% 0% -0.8%
SOO-yr 38240 38.240 38,240 38,030 0% -0.5% 0% -0.5%
ORrR2 2yt 9400 9,400 9400 9400 0% 0% 0% 0%
(Sta 10-yT 20,510 20,510 20,510 20,680 L) +0.8% 0% +0,8%
-70.4) 25T 25,290 25290 25,290 25,430 % +0.6% 0% +0.6%
St-vr 28,850 218,850 28,850 28,990 0% +0,5% 0% +.3%
100-y1 48.540 48.540 48,510 48.970 % +0.9% 0% +(),9%
2M-yT 73,130 70,510 78,630 74,040 +11.5% +5.0% +7.5% +1.2%
00-y1 108,700 108,970 109 850 111,450 +0 8% +2,3% +1.1% +2.5%
OR3 2y 2,140 2,140 2.140 2,130 0% -0.5% 0% i 5%
(Sta. 10-yr 4,780 4,780 4,780 4,820 0% +.8% 0% +0.8%
-3 14.3) 25-y1 0,190 6,190 6.190 6,230 0% ).6% 0% 10.0%
St-yr 7.290 7.290 7.290 7.330 0% +0.5% 0% +).5%
100-yr 13.330 13,330 13,330 13,460 % +1.0% 0% +1.0%
200-yr 21,010 20,180 22,800 21,330 +13.0% +5 7% 8 5% +1.5%
S(K)-yr 27,510 27,530 27610 27.740 1).3% H0.8% H).4% 10.8%
MR 2-v1 200 900 900 Q00 0% 0% 0% 0%
(R 10-yr 1,940 1,940 1,940 1,930 0% -0.5% 0% () 5%
26.251) 25-yr 2,390 2,340 2,390 2370 0% -(1.%% 0% LE%
50-}‘1’ 2,720 2,720 2,720 2,710 0% -0.4% 0% I
100-yr 4,820 4820 4.820 4830 0% +10.2% 0% 0.2%
200-yr 6,530 6,410 65,830 6,64() 6,6% +3,6% 14, 6% #1,7%
SO0-yr 7,960 7.960) 7.920 7.850 -0.5% -14% -(1.5% -1 A%
551 2-vr 7,260 7,260 7,260 7,260 (% (0% 0% (1%
(Sta 10-yr 15,730 15,730 15,730 15,850 (%4 +0, 8% 0% () B0
146.8) 15-yr 19,100 15,100 19,100 18,200 0% h0.5% 0% 10.5%
SO-yr 21,560 21,560 21,560 21,650 (1% 0. 4% 0% ).4%
100-yr 35,200 35,200 35200 35,490 % H0.8% 0% I),8%
200-y1 51.880 50,120 55,590 52,550 +10.9% 4 8% 1'7.2% 1. 3%
S500-yr 67,210 67,270 67,470 67800 1),3% ) 8% 0. 4% 1{).9%
GlLel 2-yr 7,260 7,260 7.260 7.260 0% % 0% 0%
(=t 10-vr 15,730 15.730 15,730 15,850 % +(.8% 0% +1L.E%
23.6) 25-y1 19,100 19,100 19100 19,200 0% #{1.5% )% (). 5%
50—3T 21,560 21,560 21,560 21,650 (% H 4% 0% 10, 4%
1 00-yr 35200 35,200 35200 35,490 % +(.8% 0% +0.8%
200-yr 51,850 50,090 55,370 52,530 F10.9% F L% 17.2% +1,3%
S00-yr 67.200 07,260 67450 67,790 +0.3% H0.8% 1. 4% +),9%
21
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Appendix A

Proposed Ground Rules for Section 408 Risk Analysis of Potential Impacts
of River Islands at Lathrop Project
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July 19, 2010

Proposed Ground Rules for Section 408 Risk Analysis of Potential Hydraulic Impacts of
River Islands at Lathrop Project

1. Levee Performance
a. Levees overtop without [ailing.
2. Evaluation Scenarios

a. Base Condition — system prior to construction of the River [slands interior levees
that form the Phase 1 protected area shown in Figure 1. In addition:

1. Il levees do not meet the minimum project siandard they would be raised
in the hydraulic model to meet the minimum authorized levee height
(1955 Profile); and

ii. Where existing 1op of levees heights exceed the authorized height, they are
modeled as such.

b. Existing Condition — Base Condition plus existing Phase | protected area. which
was completed in 2006 (see Figure 1).

¢. Modified Condition, Cumulative with no Federal Action (No Action) — Base
Condition plus FEMA certifiable interior levee constructed for entire project site
(see Figure 2). The mterior levee does not come 1n contact with Federal Project
levee or required levee easements. This scenario represents the River Islands
Project that would be constructed absemt federal permits. Urban levees
(Reclamation District 17) raised (if necessary) to have 3 feet of freeboard on 200-
year flood event.

d. Modified Condition, With Project — Base Condition plus addition of proposed
River Islands Project and Paradise Cut Improvement Project (see ligure 3).
Urban levees (Reclamation District 17) raised (if necessary) 1o have 3 feet of
lrecboard on 200-year flood event.

3. Hydrology

a. Sacramento and San Joaquin River Basins Comprehensive Study San Joaquin
River mainstem at Vernalis siorm centering,
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4. Risk Analysis Procedures

3.

ia.

System input [low-frequency curves derived using the same procedures as in the
HEC Section 408 risk analysis demonstration project (June 2009) will be used.
These curves represent the summation of regulated flow hydrographs at hydraulic
model boundary conditions upstream of a given Index Point.

Inflow-Outflow relationships derived using the same procedures as in the
demonstration project will be used. These relationships will be used to account for
system routing and loss of low due to spills over levees. This relationship
translates the system input flow to a regulated flow at each of the [ndex Points.

Flow-discharge Transform Funclions al Index Points will be based on an infinite
levee scenario (no spills). This is a maximum flow versus maximum stage
relationship.

The inflow-outflow relationship should be based on sensitivity analysis of'
Manning’s n-value roughness coelficients and levee overtopping weir [low
coefficients. The Manning’s n-value uncertainty range will be determined
recognizing model calibration variability at the index points. The levee
overtopping weir coafficient is not a calibrated parameter so its uncertainty range
will be based on the typical coelficient range for broad crested weirs o 2.6 to 3.1
as defined in the HEC-RAS Hydraulic Reference Manual, CPD-69, March 2008
(Table 8-1).

Analysis of Conditional Annual Exceedance Probability

a.

The procedures being utilized will nol produce a level of protection evaluation for
each index point in the system. This is because of the necessity 1o make
simplifying assumptions concerning levee performance and hydrologic inputs.
The assumption of no levee failures will result in AEP’s that are conditioned on
that assumption and will thereby overestimate the level of protection provided
throughout the system. Therefore lor this analysis a Conditional Annual
Exceedance Probability (C-AEP) will be calculated for each index point. All of
the factors governing the “Conditional™ aspect of the AEP will be documented.

“Conditional™ Conditional Non-Exceedance Probabilities (C-CNP) shall be
reporied. too,
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c. The target levee elevations used to compute Without Project Condition C-AEP
and C-CNP’s shall be consistent with the levee elevations used to establish the

Base Condition (see item 2.a).

d. For Index Points controlled by backwater such that stage-discharge relationships
do not exist, the analysis will be based on stage-frequency and not flow-frequency
methodology. In these same areas the C-AEP’s and C-CNP’s will be based on the
authorized levee elevation as shown on the 1955 Design flood profiles.

6. Index Point Locations

a. A list of index points is provided in Table 1. A map showing the index point
locations is shown in Figure 4.

Table |. Index Points

Fed Project
Design Top
of Levee, Top of
Channel 1955 Levee
Invert Elev. Profile Elevation
Location Index (ft. (ft. (ft. Top of Levee Elevation

Reach ? Point 1D NGVD29) NGVD29) NGVD29) | Source
San Joaquin River

Vernalis to Paradise Cut 63.24 SIRI -19 321 318 CA Levee Database

Paradise Cut to Old Raver 57.81 3JR2 -14 26.8 258 CA Levee Database *

Ol Moweripamodd 478 | sIR3 15 18.1 184 | CA Levee Database 2
boundary
Paradise Cut S | E—

San Joagquin R. to Old R. 267.9 PC1 7 238 239 CA Levee Datahasc_?

San Joaquin R. to Old R 23923 PC2 -1 229 21.6 CA Levee Database *

San Joaguin R, to Old R 115.7 PC3 -5 19.8 22.2 CA Levee Database *
0Old River ) ) )

San Joaquin R. to Middle R. 142.0 ORI -8 19.6 19.6 CA Levee Database *

Middle R. to Paradise Cut 172.06 OR2 -20 14.8 17.5 CA Levee Database *

Paradise Cut to model 1005 OR3 2 4 156 DWE. bathymetry
boundary survey, 1997
Middle River

OldR. tomodel boundary | 26.251 | MRI 4 na 156 | Comprehensive Study

topo

Salmon Slough
All 146.81 551 -14 14.4 19.4 C'A Levee Database ©
Grant Line Canal

DWR bathymetry
survey, 1997

" Hydraulic model cross-section ID. San Joaquin River and Middle River are referenced to Comp Study River Mile. Paradise
Cut, Old River and Grant Line Canal are based on individual reach stationing on 100 foot increments.

? Converted from vertical datum NAVDES to NGVD29 based on relationship of 0 ft. NGVD29 = 2.4 ft. NAVDSR as per
Carlson, Barbee, Gibson.

All 23.6 GLCI -13 na 181
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S

River Islands at Lathrop
Risk Analysis of Potential Hydraulic Impacts
Index Point Locations

Figure 3. With Project Scenario

® indexPoint
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Figure 4.
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Figure B-1.
Figure B-2.
Figure B-3.

Figure B-4.
Figure B-5.

Figure B-6.
Figure B-7.
Figure B-8.
Figure B-9.

Figure B-10.

Appendix B
Calibration Sensitivity Profiles

Calibration Sensitivity Maximum Water Surface Profiles, San Joaquin River above
Paradise Weir, January 1997 Event

Calibration Sensitivity Maximum Water Surface Profiles, San Joaquin River above
Paradise Weir, January 1997 Event

Calibration Sensitivity Maximum Water Surface Profiles, Paradise Cut, January 1997
Event

Calibration Sensitivity Maximum Water Surface Profiles, Old River, January 1997 Event
Calibration Sensitivity Maximum Water Surface Profiles, Grant Line Canal, January
1997 Event

Calibration Sensitivity Maximum Water Surface Profiles, San Joaquin River above
Paradise Weir, February 1998 Event

Calibration Sensitivity Maximum Water Surface Profiles, San Joaquin River below
Paradise Weir, February 1998 Event

Calibration Sensitivity Maximum Water Surface Profiles, Old River, February 1998
Event

Calibration Sensitivity Maximum Water Surface Profiles, Grant Line Canal, February
1998 Event

Calibration Sensitivity Maximum Water Surface Profiles, Middle River, February 1998
Event
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Figure B-1. Calibration Sensitivity Maximum Water Surface Profiles, San Joaquin River above
Paradise Weir, January 1997 Event
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Figure B-2, Calibration Sensitivity Maximum Water Surface Profiles, San Joaquin River above
Paradise Weir, January 1997 Event
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Figure B-3. Calibration Sensitivity Maximum Water Surface Profiles, Paradise Cut, January
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Figure C-1.
Figure C-2.
Figure C-3.
Figure C-4.
Figure C-5.
Figure C-6.
Figure C-7.
Figure C-8.
Figure C-9.

Appendix C
Plots of Flow-Stage Transform Functions

Flow-Stage Transform Function, Index Point SJR1 (RM 63.24)
Flow-Stage Transform Function, Index Point SJR2 (RM 57.81)
Flow-Stage Transform Function, Index Point SIR3 (RM 47.80)
Flow-Stage Transform Function, Index Point OR1 (Sta. 142.0)
Flow-Stage Transform Function, Index Point OR2 (Sta. -70.4)
Flow-Stage Transform Function, Index Point OR3 (Sta. -314.3)
Flow-Stage Transform Function, Index Point MR1 (RM 26.251)
Flow-Stage Transform Function, Index Point SS1 (Sta. 146.8)
Flow-Stage Transform Function, Index Point GLC1 (Sta. 23.6)
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Figure D-1.
Figure 1D-2.
Figure D-3.
Figure D-4.
Figure D-5.
Figure D-6.
Figure ID-7.
Figure D-§.
Figure D-9.

Appendix D

Plots of Inflow-Outflow Relationships

Inflow-Outflow Relationship. Index Point STR1 (RM 63.24)
Inflow-Outflow Relationship, Index Point STR2 (RM 57.81)
Inllow-Outllow Relationship, Index Point STR3 (RM 47.80)
Inflow-Outflow Relationship, Index Point OR1 (Sta, 142.0)
Inflow-Outflow Relationship, Index Point OR2 (Sta, -70.4)
Inflow-Outllow Relationship, Index Point OR3 (Sta. -314.3)
Inflow-Ouiflow Relationship, Index Point MR1 (RM 26.251)
Inflow-Outflow Relationship, Index Point S51 (Sta. 146.8)
Inflow-Outflow Relafionship, Index Point GLC1 (Sta, 23.6)
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Appendix E

3

-

Plots of Stage-Frequency Relationships for PC1. PC2 and PC

Figure E-1. Stage-Frequency Relationship, Index Point PC1 (Sta. 267.9)
Figure E-2. Stage-Frequency Relationship, Index Point PC2 (Sta. 239.3)
Figure L-3. Stage-Frequency Relationship, Index Point PC3 (Sta. 115.7)
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Internal Quality Control Certification

MBK Engineers has completed an analysis to produce hydraulic parameters for the
Conditional risk analysis for the River Islands at Lathrop project, The undersigned
verifies that the work performed complies with established policy, principles and
procedures, and reflects the use of justified and verified assumptions. The technical
review included verification of project criteria; review of assumptions, methods,
procedures, and material used in analyses: review of the appropriateness of data used; and
reasonableness of the results, including whether the product meets the needs of River
Islands at Lathrop consistent with State and federal laws and regulations.

All concerns resulting from internal technieal revie roject have been addressed.

R (Y (- ' % 25 z20/)0

5 r-.*})h . (j‘ummjw;um. P.E;‘ff). WRE

BK Engineers

MBK Engineers

River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx

B-65






Attachment C

Conditional Risk Analysis for the River Islands at Lathrop Project






Conditional risk analysis
for the River Islands at
Lathrop project

August 2010

Prepared for:
Califia

«

F
r

v‘n Fﬂﬂn David Ford Consulting Engineers, Tnc.

e —— 2015 ] Street, Suite 200
Sacramento, CA 95811

CONSULTlNG Ph. 916.447 .8779

ENG!NEERS Fx. 916.447.8780

MBK Engineers
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx

C-1




Engineer’s certification
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engineer licensed in the state of California and that the accompanying report
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List of revisions

The purpose of this list is to track changes to this document. All submittals
and revisions are listed below.

Page
Date issued number Revisions since last submittal
(1) (2) (3)
June 3, 2010
August 25, 2010 Throughout | Removed DRAFT from header.
Papaik Incorporated comments from LS Army

Corps of Engineers (Corps).

Added a base scenaric and changed
hydraulic Input based on Corps comments
on Draft report.
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Situation

Construction of the River Islands at Lathrop project (RILP) requires approval
by the Chief of Engineers US Ammy Corps of Engineers (Corps) under 33
United States Code (U.S.C.) 408. Under the terms of 33 U.S.C. 408, any
proposed levee modification to a federal project must not be harmful to the
public interest and must not impair the usefulness of the levee,

In June 2009, the Corps’ Hydrologic Engineering Center (HEC) published
Documentation and demonstration of a process for risk analysis of proposed
madifications to Sacramento River flood control project levees, which
describes a process for system-wide risk analysis. This analysis is an
application that follows HEC's system-wide risk procedure.

Tasks

We followed Corps risk and uncertainty analysis procedures ta determine the
impacts of RILP. Impacts of the RILP were evaluated by computing (1)
conditional annual exceedence probability (C-AEP) and (2) conditional
conditional non-exceedence probability, or conditional assurance (C-A). We
define C-AEP and C-A as “conditional” because our computed annual
exceedence values are conditioned on the following:

« Only a Sacramento and San Joaquin River Basins Comprehensive Study
(Comp study) San Joaguin River mainstem at Vernalis (San Joaquin
Centering) storm centering is used.

« No levees fail, they only overtop.

As part ot the Comp study the Corps developed hydrolegic input data for a
UNET hydraulic computer model of the Sacramento River and San Joaquin
River basins. The hydrology is based on hypothetical storm “centerings” using
historical flood patterns to define the shape and magnitude of the flow
contributions from each of the basins. The centerings were designed to stress
specific locations in the river system. The San Joaquin Centering, designed to
stress the system far beyond system design levels at Vernalis, was used in
this analysis,

For the computations, we used procedures from the June 2009 report from
the Corps’ HEC, referred to hersin as the Documentation and demonstration
report, as guidance for system-wide risk analysis. In addition to the
procedures described in the Documentation and demonstration report, the
Corps’ Sacramento District and Califia agreed to “ground rules” for this
specific application. These ground rules are additional details and
refinements; they are included in this report as Attachment B,

We evaluated 4 scenarios as described in Table 1 to assess the impacts of the
RILP. The existing, no action, and with-project scenarios are shown in Figure
1, Figure 2, and Figure 3, respectively. The base scenario is similar to
exlsting, however it does not include the project levee widened in Phase 1,
and highlighted in yellow in the figures below.

MBK Engineers
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Table 1. RILP evaluation scenarios: C-AEP and C-A calculated for each
evaluation scenario

Evaluation
scenario

(1)

Description

(2)

Base

System prior to construction of the River Islands interior levees that
form the Phase 1 protected area, shown in Figure 1.

Existing

Base scenario plus existing Phase 1 protected area. The Phase 1
protected area, which covers about 25% of the study area, is
protected by levees completed in 2006 and accredited by FEMA.

If levees do not meet the minimum project standard they were
raised in the hydraulic model to mest the minimum authorized leves
height (1955 profile).

Where exxisting top-of-leves heights excesd the authorized height,
they are: modeled as such.

MNo action

Evaluates hydraulic impacts for flood protection which could be built
without triggering a Federal action. This scenario consists of a FEMA
accredited interior levee that does not come in contact with Federal
Project levees or any waters of the U.S. Represents RILP that would
be constructed absent federal permits.

With-
project

Includes RILP improvements as described in Lower San Joaqguin
River HEC-RAS model, modeiing of River Isiands at i athrop post-
project conditions (MBK 2006).

Figure 1. Features of existing scenario (courtesy MBK Engineers)
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Figure 2. Features of no action scenario (courtesy MBK Engineers)}
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Actions

We computed and compared the C-AEP and C-A at 12 index locations for 4
evaluation scenarios as described above, We used the Corps’ HEC-FDA
version 1.2.5 software for the computations. Uncertainty model parameters
for the system input flow-freqguency functions are calculated using procedures
consistent with the Documentation and demonstration report. Uncertainty
model parameters for the inflow-outflow relationship and stage-flow
transform use a normal distribution and are developed using methods
described in the Documentation and demonstration report, The C-AEP values
that we computed are valid for assessment of hydraulic impacts, but they are
not intended to represent our apinion of the level of flood protection provided
by the system at the index points. The C-A values are included here for
reference as an additional statistic from the analysis. However, these values
are not used for assessment of impacts.

All HEC-FDA hydraulic input was developed and provided by MBK Engineers.
Their hydraulic analysis is described in detail under separate cover, River
Islands at Lathrop, Hydraulic analysis in support of risk based hydraulic
impact apalysis (MBK 2010).

To complete the conditional risk analysis, we followed the step-by-step
procedure outlined in the Documentation and demonstration report as
described below, We have numbered the steps to our analysis to be
consistent with Appendix A of that report.

Define analysis conditions.
1.a. Define study area.

The study area includes the San Joaquin River at Vernalis downstream to
Stockton. It also includes tributaries Paradise Cut, Old River, Middle River,
and Grant Line Canal as shown in Figure 4.

1.b. Define index locations.

We computed and compared the C-AEP and C-A at 12 index locations shown
in Figure 4 and defined in Table 2. The index locations represent the levee low
point in each of the specified reaches, based on the available top-of-levee
profile data. We refer to index locations using the identifier as specified in
column 4 of Table 2.

11
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River Islands at Lathrop

Risk Analysis of Potential Hydraulic Impacts

Index Point Locations

J
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Figure 4. RILP study area with index point locations (courtesy MBK Engineers)

Table 2. RILP Index point locations for hydraulic impact conditional risk

analysis
Index point Identifier
used for
River Location River mile | index point
(1) (2) (2) {4)
Vernalis to Paradise Cut 63.24 SJR1
San Joaquin River Paradise Cut to Old River 57.81 SJR2
Old River to model boundary 47.80 SIR3
San Joaquin River to Old River 267.9 PC1
Paradise Cut San Joaquin River to Old River 239.3 PC2
San Joaquin River to Old River 115.7 PC3
San Joaquin River to Middle
) River 142.0 OR1
Bl Fver Middle River to Paradise Cut 172.06 OR2
Paradise Cut to model boundary -100.5 OR3
Middle River Old River to model boundary 26.251 MR1
Salmaon Slough All 146.81 Ss1
Grant Line Canal All 23.6 GLC1
12
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2. Identify analysis criteria.

2.a. Determine agency policy and guidance.

The risk analysis approach used here follows guidance in EM 1110-2-1619
(USACE 1996) and the Documentation and demonstration report, This
conditional risk analysis was completed in accordance with 33 U.5.C. Section
408. The ground rules in Attachment B clarified or modified other guidance.

2.b. Define criteria for levee breach.

Based on the agreed upon ground rules, we assumed that levees will not fail.
Rather, levees are allowed to overtop and spill water to the storage areas
adjacent to the |levees,

2.c. Define potential impact.

Potential impacts are assessed based upon changes in the C-AEP, At present,
guidance has not been set differentiating between a hydraulic impact or
changes in C-AEP due to model computational tolerances.

Steps 3 through 8 of the Documentation and demonstration procedure were
developed and documented under separate cover by MBK Engineers (MBK 2010},

9. Evaluate alternative hydraulic conditions.

9.1. Evaluate baseline condition.

To evaluate the baseline condition as defined by step 9.1 of the
Documentation and demonslration report, we analyzed the existing
condition. As noted in Table 1, the existing condition is a without-
project condition which includes currently constructed levees. Included
in the existing condition is the Phase 1 widened levee.

To comply with the Corps’ need to assess cumulative impacts, we have
added a base scenario. The base scenario is an historical without-
project condition. It is similar to the existing condition, minus the
Phase 1 widened levee. Results from the base condition will be used to
measure potential cumulative impacts.

MBK Engineers provided us flow-frequency curves, inflow-outflow
relationships, and stage-flow transforms at each of the index points for
all flood frequencies analyzed.,

9.1.a. Develop hydrology at inflow lacations.

MBK Engineers developed the hydrology at inflow locations. That is
documented elsewhere (MBK 2010).

9.1.b. Define inflow discharge at index locations.

MBK Engineers provided us existing and base scenario flow-frequency
curves at each of the index points for all flood frequencies analyzed.
The flow-frequency curves include the maximum values from the
summation of all the hydraulic model input flow hydrographs that
occur upstream from each index point. This is consistent with the
Documentation and demonstration procedure, We extrapolated an
inflow discharge for the 0.999 and 0.001 exceedence probabilities as
specified in the Documentation and demonstration report, Values were
extrapolated by converting probabilities to standard normal deviates.

i3
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If the extrapolated value for 0.999 exceedence probability was
negative, a value based on judgment was used. Flow-frequency curves
for all index points are included in Attachment A.

3 index points are controlled by backwater conditions: Paradise Cut at
RM 267.9 (PC1), Paradise Cut at RM 239.3 (PC2), and Paradise Cut at
RM 115.7 (PC3). For these locations a stage-frequency function was
provided by MBK Engineers. We extrapolated a stage for the 0.999 and
0.001 exceedence probabilities as specified in the Documentation and
demonstration report,

9.1.c. Define inflow-outflow relationship at index locations.

MBK Engineers provided an inflow-outflow relationship at all index
points for the existing and base scenarios. This relationship translates
the system input flow to a requlated flow at each of the index points.
Inflow-outflow relationships for all index points are included in
Attachment A.

9.1.d. Adjust inflow-outflow relationship at index locations.
Adjustment to the inflow-outflow relationship was not needed,

9.1.e. Estimate stage-outflow discharge relationship at index
locations.

MBK Engineers provided an existing stage-flow transform at each
index point. This is a maximum flow verses maximum stage
relationship. To develop this relationship, an infinite levees scenario
was analyzed. Extending the levee height ensured that the stage-flow
transform would encompass the top-of-levee elevation. Stage-flow
transforms for all index points are included in Attachment A.

9.1.f. Adjust stage-outflow discharge relationship at index
locations,

Adjustment to the stage-flow transform was not needed.
9.2. Evaluate proposed condition.

In addition to the existing and base conditions analyzed in section 9.1, MBK
Engineers provided flow-frequency curves, inflow-outflow relationships, and
stage-flow transforms for a with-project condition and a no action plan. The
no action plan is not a “proposed condition” as step 9.2 is titled. Rather, the
no action plan is a FEMA certifiable plan that is an alternative to construction
of a federal levee. We evaluated the with-project and no action scenarios
similar to step 9.1.

HEC-FDA requires that a stage-damage function be defined even if the user is
only interested in evaluating project performance. We used placeholder
values,

10. Describe uncertainty.

10.1. Describe uncertainty for the base condition.
10.1.a. Describe uncertainty at inflow discharge locations.

Uncertainty in inflow discharge was described at the index locations for
the existing and base scenarios as defined below,

14
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10.1.b. Estimate uncertainty of the inflow discharge at index
locations.

We described the uncertainty about the system input flow-frequency
functions using equivalent years of record, combining the uncertainty
of the unrequlated and regulated flow conditions. Our calculations are
consistent with the Documentation and demonstration report. The
length of period of record (N) is from the Comp study, Appendix B
Computed and Adopted Statistics, San Joaquin River at Vernalis,
where N is 82, We computed confidence limits and standard deviation
for the unregulated and regulated flow conditions. We then computed
a standard deviation for the combined flow condition. We used a trial-
and-error procedure called out in the Documentation and
demonstration report for the equivalent years of record computation,
yielding a value equal to 77. The same equivalent years of record
values were used for all index points and all evaluation scenarios.

For the 3 index points that used a stage-frequency function (PC1, PC2,
and PC3), we described the uncertainty using equivalent years of
record using the procedure as described above.

10.1.c. Estimate uncertainty in outflow discharge relationships
at index locations.

MBK completed a sensitivity analysis to estimate the hydraulic input
uncertainty. The sensitivity analysis included Manning's n values and
levee weir coefficients. The Manning’s n value uncertainty range was
plus and minus 20 percent from the best estimate value. Uncertainty
in levee weir coefficients and lengths ranged from 2.6 to 3.1 as
defined in the HEC-RAS hydraulic reference manual (USACE 2010).

Results from the sensitivity analysis allowed us to describe the
uncertainty in the HEC-FDA configuration file about the inflow-outflow
relationship using a normal probability distribution. The standard
deviation calculations are consistent with those in the Documentation
and demonstration report. For each quantile, an upper and lower
bound of outflow was found. We calculated a standard deviation of
error in discharge by taking the difference in flows and dividing by 4,
consistent with the Documentation and demonstration report and EM
1110-2-1619,

10.1.d. Estimate uncertainty of stage-outflow discharge
relationship at index locations.

We described the uncertainty about the stage-flow transform using a
normal probability distribution. The sensitivity analysis included
uncertainties in Manning’s n values and levee weir coefficients as
described above. However, a separate set of hydraulic model
simulations using an infinite levee assumption was required. This
assumption restricts all flow to the channel and ensures the
relationships extend above the top-of-levee elevation at each index
point. The standard deviation was calculated by plotting the maximum
stage and discharge values for all the simulations, taking the
difference In maximum and minimum stages for a given outflow, and
then dividing by 4.

15
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10.2. Describe uncertainty in proposed condition.

Steps 10.1.a - d. were completed for the with-project and no action
scenarios.

11. Analyze risk.

11.a. Develop HEC-FDA model for the base condition.

We created and configured an HEC-FDA database with version 1.2.5 of the
computer program using the inputs described for the existing and base
conditions,

For each index point, we specified the target elevation for which an expected
C-AEP was to be computed, Here, we use the 1955 levee design elevations or
existing top-of-levee elevations, whichever is greater, These target elevations
were provided by MBK Engineers and are listed in Table 16 of Attachment A,
Using HEC-FDA we computed project performance statistics, specifically the
expected C-AEP and C-A.

11.b. Evaluate HEC-FDA results for the base condition.

HEC-FDA results for the existing and base conditions are presented in the
Results section below,

11.c, Develop HEC-FDA model for the proposed condition.

With-project and no action conditions were configured in an HEC-FDA
database for our computations.

The existing, base, no action, and with-project conditions use the same target
elevations (top-of-levee elevations). To identify off-site impacts due to the
RILP, we compare existing and with-project C-AEP using the same target
elevation as a basis for comparison. The target must remain the same to
compare the different scenarios.

11.d. Evaluate HEC-FDA results for the proposed conditions.

HEC-FDA results for the with-project and no action conditions are presented
in the Results section below.

Results

Computed C-AEP values are shown in Table 3. The impact of RILP is the
difference of the with-project and existing evaluation scenarios. Table 4
shows these. Table S shows the impact of the no action plan, the difference of
the no action and existing evaluation scenarios. To determine the cumulative
impacts of the with-project and no action plans, we compare their results with
the base scenario. The difference of the with-project and base scenario is
shown in Table 6 and the no-action plan potential cumulative impact is shown
in Table 7.

C-A for the with-project, no action, existing and base scenarios are shown in
Table 8, Table 9, Table 10, and Table 11, respectively.

As seen in column 2 of Table 4, which shows the impact of RILP, 3 of the 12
index points show no change in C-AEP, and 7 index points have a change in
C-AEP of 0.0003 or less. Finding no appreciable difference in C-AEP is
reasonable for these index points because at the target stage, there is no
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scenarios.

Table 3. C-AEP results of conditional risk analysis with uncertainty

appreciable difference in the input functions for the existing and with-project

C-AEP* | C-AEP*
with- no C-AEP" | C-AEP!
Index point project action | existing base
(1) (2) (3) (4) (5)
SIR1 0.0093 0.0096 0.0096 0.0096
San Joaguin River SIRZ 0.0093 0.0096 0.00%6 0.0096
SIR3 0.0043 0.0043 0.0042 0.0042
PC1 0.0088 0.0086 0.0086 0.0088
Paradise Cut PC2 0.0053 0.0045 0.0033 0.0030
PC3 0.0030 0.0038 0.0023 0.0024
OR1 0.0069 0.0070 0.0070 0.0070
Old River OR2 0.0049 0.0054 0.0046 0.0048
OR3 0.0031 0.0034 0.0029 0.0030
Middle River MR1 0.0093 0.00983 0.0091 0.0092
Salmon Slough 551 0.00286 0.0026 0.0024 0.0024
Grant Line Canal GLC1 0.0004 0.0002 0.0003 0.0003

Table 4. Change in C-AEP due to RILP

1. (C-AEF values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.

Change in

Index point C-AEP*
(1) (2)

SIR1: Vernalis to Paradise Cut -0.0003
San Joaguin River €IRZ: Paradise Cut to Old River -0.0003
SIR3: Old River to model boundary 0.0001
PC1: San Joaquin River to Old River 0.0002
Paradise Cut PC2 0.0020
pPC3 0.0007
OR1: San Joaguin River to Middle River -0.0001
Old River OR2: Middle River to Paradise Cut 0.0003
OR3: Paradise Cut to model boundary 0.0002
Middle River MFE1: Old River to model boundary 0.0002
Salmon Slough 551; All 0.0002
Grant Line Canal GLC1: All 0.00017

precision of models,

1. Change in C-AEP is computed as with-project minus existing.
2. Computed C-AEF is beyond the 0.002 excesdence probability, so differences excead

As seen in column 2 of Table 5, which shows the impact of the no action
scenario, 5 of the 12 Index points show no change in C-AEP, and 5 index
points have a change in C-AFP of 0.0008 or less. Finding na appreciahle

17

MBK Engineers

River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx

C-17




Table 5. Change in C-AEP due to no action

difference in C-AEP is reasonable for these index points because at the target
stage, there is no appreciable difference in the input functions for the no
action and existing scenarios.

Change in

Index point C-AEP*

(1) (2)
SIR1: Vernalis to Paradise Cut 0.0000
San Joaguin River SIR2: Paradise Cut to Old River 0.0000
SJR3: Old River to model boundary 0.0001
PC1: San Joaguin River to Qld River 0.0000
Paradise Cut PC2 0.0012
PC3 0.0015
OR1: San Joaguin River to Middle River 0.0000
Old River OR2: Middle River to Paradise Cut 0.0008
OR3: Paradise Cut to model boundary 0.0005
Middle River MR1: Old River to model boundary 0.0002
Salmon Slough Ss1: All 0.0002
Grant Line Canal GLC1: All -0.00017

precision of models.

L. Change in C-AEP is computed as no action minus existing.
2. Computed C-AEP is beyond the 0.002 exceedence probability, so differences exceed

We also compared the with-project and no action scenarios to the base
condition. Recall the base and existing conditions are similar except the base
does not include Phase 1 of the RILP. Therefore, the base condition is truly an
historical without-project condition. Comparison of RILP and no action C-AEP
results to the base scenario are shown in Table 6 and Table 7 below.
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Table 6. Change in C-AEP due ta RILP compared to base

Change in

Index point C-AEP?

(1) (2)
SIR1: Vernalis to Paradise Cut -0.0003
San Joaquin River SIR2: Paradise Cut to Old River -0.0003
SIR3: Old River to model boundary 0.0001
PC1: San Joaguin River to Old River 0.0002
Paradise Cut pCz 0.0023
PC3 0.0006
OR1: San Joaguin River to Middle River -0.0001
Old River OR2: Middle River to Paradise Cut 0.0001
OR3; Paradise Cut ta model boundary 0.0001
Middle River MR1: Old River to model boundary 0.0001
Salmon Slough SS1: All 0.0002
Grant Line Canal GLC1: All 0.00017

L. Change in C-AEP is computed as with-project minus base.

2. Computed C-AEP is beyond the 0.002 exceedence probability, so differences exceed
precision of models.

Table 7. Change in C-AEP due to no action compared to base

Change in

Index point C-AEP*

(1) (2)
SIR1: Vernalis to Paradise Cut 0.0000
San Joaquin River 51R2: Paradise Cut to Old River 0.0000
SJR3: Old River to model boundary 0.0001
PC1: San Joaquin River ta Old River 0.0000
Paradise Cut PC2 0.0015
pC3 0.0014
OR1: San Joaquin River to Middle River 0.0000
Old River OR2: Middle River to Paradise Cut 0.0006
OR3' Paradise Cut to model boundary 0.0004
Middle River MR1: Old River to model boundary 0.0001
Salmon Slough 551: All 0.0002
Grant Line Canal GLC1: All -0.0001?

1. Change in C-AEP is computed as no action minus base,

2. Computed C-AEP js beyond the 0.002 exceedence probability, so differences exceed
precision of models.
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Table 8. Project performance parameters for with-project

C-A* by event

Target
Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 34.5 1.0000 0.6197 0.0494 0.0237
SIR2 29.2 1.0000 0.5162 0.1515 0.1090
SIR3 20.8 1.0000 0.9796 0.4283 0.2765
PCi 26.3 0.9997 0.7005 0.0194 0.0018
PC2 25.3 0.9997 0.9997 0.1741 0.0428
pc3 24.6 0.9997 0.9997 0.7450 0.2682
OR1 22.0 1.0000 0.8050 0.2044 0.1494
ORZ2 19.9 1.0000 0.9991 0.2610 0.0077
OR3 18.0 1.0000 0.9999 0.7401 0.2455
MR1 18.0 1.0000 0.6615 0.0165 0.0020
551 21.8 1.0000 1.0000 0.8823 0.3545
GLC1 20.5 1.0000 1.0000 0.9940 0.8285

L. C-A values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.

Table 9. Project performance parameters for no action

C-A* by event

Target
Index point | stage (ft) p=0.10 p=0.01 p=0.004 | p=0.002
(1) (2) (3) (a) (5) (6)
SIR1L 34.5 1,0000 0.5861 0.0434 0.0209
SIR2 29.2 1.0000 0.4817 0.1406 0.1031
SIR3 20.8 1.0000 0.9800 0.4309 0.2777
PC1 26.3 0.9997 0.6995 0.0283 0.0019
pPC2 25.3 0.9997 0.9997 0.3626 0.0911
PC32 24.6 0.9997 0.9997 0.5134 0.1722
OR1 22.0 1.0000 0.7971 D.2029 0.1498
OR2 19.9 1.0000 0.9983 0.1600 0.0035
OR3 18.0 1.0000 0.9999 0.6369 0.2266
MR1 18.0 1.0000 0.6662 0.0103 0.0014
551 21.8 1.0000 1.0000 0.8421 0.3507
GLC1 20.5 1.0000 1.0000 0.9942 0.8705

1. ©€-A values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.
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Table 10. Project performance parameters for existing condition

C-A® by event

Target
Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 345 1.0000 0.5861 0.0424 0.0209
SIR2 29.2 1.0000 0.45817 0.1406 0.1033
SIR3 20.8 1.0000 0.9807 0.4498 0.2809
PC1 26.3 0.9997 0.6995 0.0317 0.0019
PC2 25.3 0.9997 0.9997 0.6992 0.1920
PC3 246 0.9897 0.9997 0.,9237 0.4397
OR1 22.0 1.0000 0.7971 0.2029 0.1498
OR2 19.9 1.0000 0.9997 0.3486 0.0123
OR3 18.0 1.0000 1.0000 0.8134 0.2757
MR1 18.0 1.0000 0.6831 0.0210 0.0016
S51 21.8 1.0000 1.0000 0.9206 0.3932
GLC1 20.5 1.0000 1.0000 0.9955 0.8300

L. C-A values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.

Table 11, Project performance parameters for base condition

C-A' by event

Target
Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 345 1.0000 0.5861 0.0434 0.0209
SIRZ 29.2 1.0000 0.4817 0.1406 0.1033
SIR3 20.8 1.0000 0.9809 0.4530 0.2816
PC1 26.3 0.9997 0.6991 0.0322 0.0020
PC2 25.3 0.9997 0.9997 0.8046 0.2188
PC3 24.6 0.9997 0.9997 0.8923 0.4389
OR1 22.0 1.0000 0.7972 0.2021 0.1499
ORZ2 19.9 1.0000 0.9996 0.2801 0.0079
OR3 18,0 1.0000 1.0000 0.7747 0.2624
MR1 18.0 1.0000 0.6776 0.0143 0.0013
S51 21.8 1.0000 1.0000 0.9080 0.3890
GLC1 20.5 1.0000 1.0000 0.9955 0.8465

1. ©C-A values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.
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Table 12. Change in C-A due ta RILP

Change in C-A by event*

Taraget

Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 345 0.0000 0.0336 0.0060 0.0028
SIR2 29.2 0.0000 0.0345 0.0109 0.0057
SIR3 20,8 0.0000 -0.0011 -0.0215 -0.0044
PC1 26.3 0.0000 0.0010 -0.0123 -0.0001
PC2 25.3 0.0000 0.0000 -0.5251 -0.1492
PC3 246 0.0000 0.0000 -0.1787 «0,1715
OR1 22.0 0.0000 0.0079 0.0015 -0.0004
OR2 19.9 0.0000 -0.0006 -0.0876 -0.0046
OR3 18.0 0.0000 -0.0001 -0.0733 -0.0302
MR1 18.0 0.0000 -0.0216 -0.0045 0.0004
551 21.8 0.0000 0.0000 -0.0383 -0.0387
GLC1 20.5 0.0000 0.0000 -0.0015 -0.0015

L. Change in C-A is computed as with-project minus existing.

2. C-A values are valid for assessment of hydraulic impacts, but they are not intended ta
represent the level of flood protection provided by the system at the index points.

Table 13. Change in C-A due tao no action

Change in C-A by event™?

Target

Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 34.5 0.0000 0.0000 0.0000 0.0000
SIR2 29.2 0.0000 0.0000 0.0000 -0.0002
SIR3 20.8 0.0000 -0.0007 -0.0189 -0.0032
PC1 26.3 0.0000 0.0000 -0.0034 0.0000
PC2 25.3 0.0000 0.0000 -0.3366 -0.1009
PC3 24.6 0.0000 0.0000 -0.4103 -0.2675
OR1 22.0 0.0000 0.0000 0.0000 0.0000
OR2 19.9 0.0000 -0.0014 -0.1886 -0.0088
OR3 18.0 0.0000 -0.0001 -0.1765 -0.0491
MR1 18.0 0.0000 -0.0189 -0.0107 -0.0002
551 21.8 0.0000 0.0000 -0.0785 -0.0425
GLC1 20.5 0.0000 0.0000 -0.0013 0.0405

1. Change in C-A is computed as no acbon minus existing.

2. C-A values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.
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Table 14. Change in C-A due to RILP compared to base

Change in C-A by event™*

Taraget

Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 345 0.0000 0.0336 0.0060 0.0028
SIR2 29.2 0.0000 0.0345 0.0109 0.0057
SIR3 20,8 0.0000 -0.0013 -0.0247 -0.0051
PC1 26.3 0.0000 0.0014 -0.0128 -0.0002
PC2 25.3 0.0000 0.0000 -0.6305 -0.1760
PC3 246 0.0000 0.0000 -0.1473 -0.1707
OR1 22.0 0.0000 0.0078 0.0013 -0.0005
OR2 19.9 0.0000 -0.0005 -0.0191 -0.0002
OR3 18.0 0.0000 -0.0001 -0.0346 -0.0169
MR1 18.0 0.0000 -0.0161 0.0022 0.0007
551 21.8 0.0000 0.0000 -0.0257 -0.0345
GLC1 20.5 0.0000 0.0000 -0.0015 -0.0180

1. Change in C-A |s cornputed as with-project minus base.
2. C-A values are valid for assessment of hydraulic impacts, but they are not intended ta
represent the level of flood protection provided by the system at the index points.

Table 15. Change in C-A due to no action compared to base

Change in C-A by event™?

Target

Index point | stage (ft) p=0.10 p=0.01 p=0.004 p=0.002
(1) (2) (3) (4) (5) (6)
SIR1 34.5 0.0000 0.0000 0.0000 0.0000
SIR2 29.2 0.0000 0.0000 0.0000 -0.0002
SIR3 20.8 0.0000 -0.0009 -0.0221 -0.0039
PC1 26.3 0.0000 0.0004 -0.0039 -0.0001
PC2 25.3 0.0000 0.0000 -0.4420 -0.1277
PC3 24.6 0.0000 0.0000 -0.3789 -D.2667
OR1 22.0 0.0000 -0.0001 -0.0002 -0.0001
OR2 19.9 0.0000 -0.0013 -0.1201 -0.0044
OR3 18.0 0.0000 -0.0001 -0.1378 -0.0358
MR1 18.0 0.0000 -0.0114 -0.0040 0.0001
551 21.8 0.0000 0.0000 -0.0659 -0.0383
GLC1 20.5 0.0000 0.0000 -0.0013 0.0240

1. Change in C-A is computed as no action minus base.

2. C-A values are valid for assessment of hydraulic impacts, but they are not intended to
represent the level of flood protection provided by the system at the index points.
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Attachment A. Analysis inputs

The following tables provide function values and uncertainty model
parameters for the index points.

Table 16, Target elevations for project performance calculations

Target
elevation? Top-of-levee
Index point (ft NAVD88) | elevation source
(1) (2) (3)
_ Vernalis to Paradise Cut 34.5 CA |levee database
SanRJii:Eum Paradise Cut to Old River 29.2 CA levee database
Old River to madel boundary 20.8 CA |levee database
San Joaqu;?vgver ta Oid 26.3 CA |evee database
Raredise Lut PC2 25.3 CA levee database
PC3 24.6 CA levee database
San Joaquin _Ri\..'er to Middle 22.0 R T —
River
Old River Middle River to Paradise Cut 19.9 CA |levee database
Paradise Cut to model 15.0 DWR. bathymetry
boundary A survey, 1997
;i ; : Comprehensive

Middle River Old River to medel boundary 18.0 shircly tore
Salmon Slough Al 21.8 CA levee database
Grant Line DWR bathymetry

Canal All 20.5 survey, 1997

L. Target elevations converted from vertical datum NGVD29 to NAVDEB based on relationship
of NAVDBE elevation = NGVD29 elevation + 2.4 ft as per Carlson, Barbee, Gibson survey,
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Index point San Joaquin River: Vernalis to Paradise Cut RM 63.24 (SJR1) HEC-FDA input
Table 17. Inflow-autflow relationship and uncertainty model parameters for index point SIR1

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation

(1) (2) (3) (4) (5) (6) {7) (8) (9} (10)
0.999 0

0.5 17,320 17,300 B 17,300 ) 17,300 8 17.300 =]

0.1 35,110 35,090 3 35,090 3 35,090 3 35,090 3
0.04 432,310 42,260 = 42,260 5 42,260 5 42 260 5
0.02 47,860 47,470 13 47,470 13 47,470 13 47,470 10
0.01 78,100 77,330 1,290 77,330 1,290 77,330 1,290 77,300 1,278
0,005 144,390 91,950 7,965 91,950 7,965 91,950 7,965 92,000 7,958
0.002 223,290 97,6380 9,008 97,680 9,008 97,680 9,008 97,750 9,000
0.001 279,800" 101,700" 9,725t 101, 700" 9,725" 101,700 9,7251 10i,800! 9,725!

1. Values shown are extrapolated.
Table 18. Stage-flow transform and uncertainty modef parameters for index point SIR1
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVD8S) (ft NAVDBS) (efs) (ft NAVDSB) (ft NAVDSS)
(1) (2) (3) (4) (5) (6)
4] 0.0 o7 ¢] 0.0 0,7

11,260 17.0 0.7" 11,260 17.0 0.7

17,300 20.1 07" 17,300 20,1 0.7

35,100 26.1 0.7 35,100 26.0 ik

42,300 27.8 0.7 42,300 27.8 L3

47,500 29.0 0.7 47,500 28,9 0.7¢

77,100 346 0.7 77,100 345 0.7t

P
l 122,200 411 .7 132,200 41.0 0.7"
153,300 46,6 0.8 183,400 46,5 0.8

i. A minimum S0 of 0.7 was used corsistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point San Joaquin River: Paradise Cut to Old River RM 57.81 (SJR2) HEC-FDA input
Table 19. Inflow-autflow relationship and uncertainty model parameters for index point SIRZ2

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2) (3) (4) (5] (6) (7) (8) (9) (10}
0.999 0
0.5 17,320 15,750 ABB 15,750 488 15,750 A4B8 15,750 558
0.1 35,110 27,870 703 27,870 703 27,870 703 27,370 593
0,04 432,310 32,490 Bia 32,490 818 32,480 818 31,990 B13
0.02 47,660 35,740 503 35,740 203 35,740 503 35,240 908
0.01 78,100 54,830 2,408 54,830 2,408 54,830 2,408 54,120 2,410
0,005 144,390 59,700 6,438 59,700 6,438 59,700 5,438 59,180 6,463
0.002 223,990 61,810 6,743 61,810 6,743 61,810 6,735 61,410 6,758
0.001 2?9,3001 63,300 6,95&' 63,300 5,950 63,300" 6,950" 63,000! 6,975"

1. Values shown are extrapolated.

Table 20. Stage-flow transform and uncertainty modef parameters for index point SIR2

Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVDBS) (ft NAVDBS) (cfs) {ft NAVDSS) (ft NAVDES)
(1) (2) (3) (4) (5) (6)

0 0.0 0.7 4] 0.0 07"
10,870 14,2 0.7" 10,990 1432 0.7"
15,800 16.7 07" 15,800 16,7 0.7
27,900 ra e 0.7 27,400 21,5 07"
32,500 23.3 0.7 32,000 231 B
35,700 24.4 o7t 35,200 24.2 0.7¢
54,300 29.7 0.7 53,700 296 o7t

& 52,400 36.3 0.8 51,600 36.1 0.8
107,300 41.8 0.9 107,000 41.6 0.9

i. A minimum S0 of 0.7 was used corsistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point San Joaquin River: Old River to model boundary RM 47.80 (SJR3) HEC-FDA input
Table 21. Inflow-autflow relationship and uncertainty model parameters for index point SIR3

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2 (3} (4) (5) (6) (7) (8) (9) (10}
£.999 0
0.5 17,320 7,000 115 7,008 115 7,000 115 7,010 140
0.1 35,110 12,630 260 12,630 260 12,630 260 12,470 253
0.04 432,310 14,560 350 14 560 350 14,560 350 14,420 343
0.02 47,660 15,780 408 15,780 408 15,780 408 15,660 403
0.01 78,100 22,180 835 22,180 895 22,180 B93 22,140 863
0,005 144,390 26,710 1,580 26,680 1,578 26,870 1,585 26,880 1,588
0.002 223,990 28,150 2,088 28,150 2,090 28,190 2,110 28,190 2,100
0.001 2743,800° 29,200 2,450 29,200 2,450¢ 29,100" 2,475! 29,100° 2,450!
1. Values shown are extrapolated.
Table 22. Stage-flow transform and uncertainty model parameters for index point SIR3
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVDBS) (ft NAVDBS) (efs) (ft NAVDSS) (ft NAVDES)
(1) (2) (3) (4) (5) (6)
0 0.0 0.7 0 0.0 0.7"
4,560 10,1 0.7 4,570 101 0.7
7,000 11.1 07" 7,000 11.1 0.7
12,600 14.1 0.7 12,500 14.0 0.7"
14,600 15.2 0.7 14,400 151 B
15,800 15.8 T 15,700 15.8 [
22,500 19.1 0,7 22,400 19:1 0.7t
L%}
~ 24,200 24.0 0.7 34,100 239 o7
44,900 27.8 0.7 44,700 27.7 0.7t

L. A mimimum S0 of 0.7 was used consistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Table 23. Stage-frequency functions for index point PC1

Index point Paradise Cut: San Joaquin River to Old River RM 267.9 (PC1) HEC-FDA input

Stage
» (ft NAVDBS)
Exceedence probability Existing Base No action With-project

(1) (2) (3) (4) (5)
0,959 0 o t] 1]
0.5 13.8 13.8 13.8 13.8
0.1 19,2 19.2 19,2 19,2
0.04 20.6 20.6 20.6 20,6
0.02 21.5 21,5 21.5 21.5
0.01 25,6 25.6 25.6 25.6
D.005 28.4 28.4 28.5 28.8
0.002 30,7 30.7 30.7 30,7
0.001 32.3' 324 32.3 32.0

1. Walues are extrapoiaced.

Table 24. Stage-frequency functions for index point PC2

Index point Paradise Cut: San Joaquin River to Old River RM 239.3 (PC2) HEC-FDA input

Stage
i (ft NAVDSS)
Exceedence probability Existing Base No action With-project

(2) (3) (4) (5)

0.939 1] 0 0 1]
0.3 11.6 11.6 11.6 11.4
D.1 16.9 16.9 169 156.2
0.04 17.9 17.9 17.9 17.5
0.02 18.5 18.5 18.5 18.2
0.01 21.4 214 1.4 211
; 0.005 24.3 23,9 25.3 261
0.002 26.2 26,1 26.7 27.5
0.001 27.6' 276" 27.6 28.6"

1. Values are axtrapolabed.
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Table 25. Stage-frequency functions for index point PC3

Index point Paradise Cut: San Joaquin River to Old River RM 115.7 (PC3) HEC-FDA input

Stage
e (ft NAVDBS)
Exceedence probability Existing Base No action With-project

(1) (2) (3) (4) (5)
0,959 0 i} 1] o
0.5 10.5 10.5 10.5 10.4
0.1 14,2 142 14.2 13.8
0.04 15.1 15.1 15.1 14.8
0.02 15.8 158 15.8 155
0.01 19,0 19.0 19.0 18.8
D.005 22.2 22.5 24.1 231
0.002 24.8 24.8 25.9 255
0.001 26.7! 25.5" 27.2! 27.2¢

1. Walues are extrapaiaced.
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Index point Old River: San Joaquin River to Middle River RM 142.0 (OR1) HEC-FDA input
Table 26. Inflaw-autflow relationship and uncertainty model parameters for index point OR1

Qutflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2) (3) (4) (5) (6) {7) (8) (92) (10}
0.959 4]
0.3 17,320 8,750 373 8,730 373 8,750 373 8,740 420
0.1 35,110 15,250 443 15,250 443 15,250 443 14 890 440
0.04 42,310 17,530 a70 17,930 470 17,930 470 17,560 470
0.02 47,660 19,540 500 19,940 500 19,940 500 19,560 508
0.01 78,100 31,220 2,008 31,220 2,008 31,220 2,008 30,910 1,960
0,005 144,390 36,930 3,640 36,9320 3,643 36,930 3,640 36,640 3,640
0.002 223,990 38,240 4,135 38,240 4,138 38,240 4,133 38,030 4,155
0.001 273,800 39,200" 4,475 39,200! 4,475* 39,200} 4,475 39,000" 4,525"

1. Values shown are extrapolated.

Table 27. Stage-flow transform and uncertainty modef parameters for index point OR1

Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVDBS) (ft NAVDBS) (fs) (ft NAVDSS) (ft NAVDES)
(1) (2) (3) (4) (5) (6)

0 0.0 o7 4] 0.0 0,7
6,250 10.0 0.7" 6,250 10,0 0.7
8,800 11.5 0.7 §,700 11,5 0.7
15,200 15,0 0.7 14,5900 15.0 ik
17,900 16.3 0.7 17,600 16,2 L3
19,900 17.2 o7 19,600 17.1 0.7¢
31,700 215 n:7 31,200 214 0.7t

2 48,000 26.5 0.7" 47,400 26.5 0.7
54,900 30,4 0.8 62,100 30.4 0.8

L. A minimum S0 of 0.7 was used consistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point Old River: Middle River to Paradise Cut RM 172.06 (OR2) HEC-FDA input
Table 28. Inflow-autflow relationship and uncertainty model parameters for index point OR2

Outflow (cfs)
Existing Base No acti With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2) (3]} (4) (5) (6) {7) (8) (9) (10}
0.599 Q
0.5 17,320 9,400 83 9,400 93 9,400 93 9,400 118
0.1 35,110 20,510 258 20,510 258 20,510 258 20,680 250
0.04 42,310 25,290 335 25,290 335 25,290 335 25,430 330
0.02 47,660 28,850 380 28,850 380 28,850 380 28,950 378
0.01 78,100 48,540 1,695 48,540 1,695 48,540 1,695 48,970 1,565
0,005 144 380 70,510 1,363 73,130 1,410 78,630 3,248 74,040 4,058
0,002 223,990 108,970 3,858 108,700 3,498 109,850 3,863 111,450 3,885
0.001 279,800" 135,900 5,600! 1337001 4,950" 131,700 4,300! 137,700 3,750
1. Values shown are extrapolated.
Table 29. Stage-flow transform and uncertainty modef parameters for index point OR2
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVDBS) (ft NAVDBS) (efs) (ft NAVDSS) (ft NAVDES)
(1) (2) (3) (4) (5) (6)
0 0.0 o7 4] 0.0 o.7"
5,710 8.9 0.7 5,710 59 0.7
9,400 9.4 07" 9,400 9.4 0.7
20,500 11.5 0.7 20,700 115 0.7
25,300 12.4 0.7 25,400 12,4 B
28,900 131 0.7 29,000 13.2 [
49,400 16,5 4 49 600 15 & 0.7t
= 78,900 20.6 0.7 79,000 20.6 0.7
106,000 23.8 0.7 106,100 23.8 0.7t

L. A minimum S0 of 0.7 was used consistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point Old River: Paradise Cut to model boundary RM -100.5 (OR3) HEC-FDA input
Table 30. Inflow-autflow relationship and uncertainty model parameters for index point OR3

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2 (3]} (4) (5) (6) {7) (8) (9) (10}
0.999 ]
0.5 17,320 2,140 23 2,140 23 2,140 23 2,130 28
0.1 35,110 4, 780 100 4,780 100 4,780 100 4,820 103
0.04 42,310 6,190 193 6,190 193 6,190 193 5,230 190
0.02 47,660 7,290 205 7,290 205 7,290 205 7,330 205
0.01 78,100 13,330 438 13,330 438 13,330 438 13,460 423
0,005 144,390 20,180 373 21,010 420 22,800 1,030 21,330 1,248
0.002 223,390 27,530 2,425 27,510 2,400 27,610 2,463 27,740 2,493
0.001 2749,800° 32,700 3,875 32,100 3,7754 31,000! 3,475" 32,200° 3,378
1. Values shown are extrapolated.
Table 31. Stage-flow transform and uncertainty modef parameters for index point OR3
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVDBS) (ft NAVDBS) (efs) (ft NAVDSSB) (ft NAVDES)
(1) (2) (3) (4) (5) (6)
0 0.0 o7 4] 0.0 o.7"
1,280 B.7 0,7 1,280 8.7 0.7
2,100 8.9 07" 2,100 8.2 0.7
4,500 g.9 07 4,800 9.9 0.7
5,200 10.5 o7 6,200 10.6 0.7
7,300 11.2 0.7t 7,300 112 0.7t
13,600 13.9 0,7 13,600 13.9 0.7t
(e 22,900 17.4 0.7 23,000 7.4 07"
31,700 20.3 0.7 31,700 20,3 0.7t

L. A mimimum S0 of 0.7 was used consistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point Middle River: Old River to model boundary RM 26.251 (MR1) HEC-FDA input
Table 32. Inflow-autflow refationship and uncertainty model parameters for index paint MR1

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2 (3} (4) (5) (6) {7) (8) (9) (10)
£.999 0
0.5 17,320 900 g 200 15 900 15 800 13
0.1 35,110 1,940 3 1,940 3 1,940 3 1,930 3
0.04 432,310 2,390 5 2,390 5 2,390 5 2,370 3
0.02 47,660 2,720 3 2,720 5 2,720 5 2,710 ]
0.01 78,100 4,820 195 4,820 195 4,820 195 4,830 183
0,005 144,390 6,410 420 6,530 380 €,830 505 6,640 540
0.002 223,390 7,960 700 7,960 700 7,920 710 7,850 728
0.001 2743,800° 9,000 900t 9,000" agg! 8,700" 850! 8, 700! asp!
1. Values shown are extrapolated.
Table 33. Stage-flow transform and uncertainty modef parameters for index point MR1
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
(cfs) (ft NAVDBS) (ft NAVDBS) (efs) (ft NAVDSSB) (ft NAVDES)
(1) (2) (3) (4) (5) (6)
0 0.0 0.7 0 0.0 0.7
520 9.2 0,7 520 9.2 0.7
900 10:.0 07" 200 10.0 0.7
1,940 12,5 0.7 1,930 12.5 0.7
2,390 13.5 0.7 2,370 185 B
2,720 14.2 S 2,710 14.2 [
4,840 17.8 4 4,820 17.8 0.7t
b B,230 22,0 0.7 8,200 22.0 0.7"
11,440 25.3 0.7 11,430 25.2 0.7t

L. A mimimum S0 of 0.7 was used consistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point Salmon Slough: All RM 146.81 (5S1) HEC-FDA input
Table 34. Inflow-outflow relationship and uncertainty model parameters for index point 551

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2 (3]} (4) (5) (6) {7) (8) (9) (10)
£.999 0
0.5 17,320 7,260 70 7,260 70 7,260 70 7,260 BE
0.1 35,110 15,730 155 15,730 155 15,730 155 15,850 150
0.04 42,310 19,100 145 19,100 145 19,100 145 19,200 140
0.02 47,660 21,560 173 21,560 173 21,560 173 21,650 170
0.01 78,100 35,200 1,253 35,200 1,253 35,200 1,253 35,490 1,163
0,005 144,390 50,120 985 51,380 280 35,590 2,290 52,550 2,805
0.002 223,390 67,270 3,860 67,210 3,815 67,470 3,850 67,800 3,870
0.001 2743,800° 79,300 5,875! 78,000! 5,825' 75,800' 4,950 78,500" 4,600"
1. Values shown are extrapolated.
Table 35. Stage-flow transform and uncertainty model parameters for index point 551
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
{cfs) (ft NAVDBS) (ft NAVDBS) (efs) (ft NAVDSS) (ft NAVDES)
(1) (2) (3) (4) (5) (6)
0 0.0 o7 4] 0.0 o.7"
4,430 8.9 0.7 4,430 59 0.7
7,260 9.3 07" 7,260 9.3 0.7
15,730 11.3 0.7 15,850 11.3 0.7
19,100 122 0.7 19,200 12.2 B
21,560 12.9 T 21,650 12.9 [
35,800 16,2 4 35,910 16.3 0.7t
2 55,950 203 0.7 56,010 20.3 0.7
74,210 23.5 0.7 74,270 235 0.7t

i. A mimmum SDof 0.7 was used consistent with guidance on risk analysis in EM 1110-2-1619 (USACE 1996).
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Index point Grant Line Canal: All RM 23.6 (GLC1) HEC-FDA input
Table 36. Inflaw-autflow relationship and uncertainty model parameters for index point GLC1

Outflow (cfs)
Existing Base No action With-project
Exceedence | Inflow Standard Standard Standard Standard
probability (cfs) Flow deviation Flow deviation Flow deviation Flow deviation
(1) (2) (3) {4) (5) (6) (7} (8) (9) (10}
0,999 Q
0.3 17,320 7,260 70 7.260 70 7,260 70 7,260 858
0.l 35,110 15,730 155 15,730 1585 15,730 155 15,850 150
0.04 42,310 19,100 145 19,100 145 19,100 145 19,200 140
0.02 47,660 21,560 173 21,560 173 21,560 173 21,650 168
0.01 78,100 35,200 1,250 35,200 1,250 35,200 1,250 35,490 1,160
0.005 144,390 =0,090 985 51,850 978 55,570 2,285 52,530 2,803
0.002 223,990 57,260 3,860 67,200 3,815 67,450 3,848 67,790 3,868
0,001 279,800" 79,3007 5,875! 78,000 5,825¢ 75,800! 4,950! 78,500 4,625"
1. Values shown are extfapolated.
Table 37. Stage-flaw transform and uncertainty model parameters for index point GLC1
Existing, base, & no action With-project
Flow Stage Standard deviation Flow Stage Standard deviation
(cfs) (ft NAVDBS) (ft NAVDBS) {cfs) (ft NAVDSS) (ft NAVDSS)
(1) (2) (3) (4) (5) (6]}
0 0.0 0.7 0 0.0 0.7}
4,430 8.8 L 4,430 8.8 0.7t
7,260 9.0 0.7 7,260 9.0 (el
15,730 10.3 0.7t 15,850 10.3 0.
19,100 11.0 o7 19,200 11.0 Lo ks
21,560 11,6 0.7 21,650 11.6 a7t
33,790 14.2 ni7 35,910 142 LW iy
w 55,940 17.5 0.7' 56,000 17.5 0.7'
74,660 20.2 0.7 73,750 20.1 o
83,900 21.6 0.7 82,500 214 o7

1. A minimum SD of 0.7 was used consistent with auidance on risk analysis in EM 1110-2-1619 (USACE 1996),
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Attachment B. Ground rules

April 14, 2010

Proposed Ground Rules for Section 408 Risk Analysis of Potential Hydraulic
Impacts of River Islands at Lathrop Project

1. Levee Performance
a. Levees overtop without failing.
2. Evaluation Scenarios

a. Existing - existing (Feb. 2010) levees and channel geomelry (see Figure 1).
In addition:

i. Iflevees do not meet the minimum project standard they would be
raised in the hydraulic model to meet the minmmum authorized levee
height (1955 Profile):. and

ii. Where existing top of levees heights exceed the authorized height.
they are modeled as such.

b. No Action - FEMA certifiable interior levee constructed for entire project
site (see Figure 2). Interior levee does not come in contact with Federal
Project levee or required levee easements. Represents River Islands Project

that would be constructed absent federal permits.

¢. With Project - Existing scenario plus addition ol proposed River Islands
Project and Paradise Cut Improvement Project (see Figure 3).

3. Ilydrology

a. Sacramento and San Joaquin River Basins Comprehensive Study San
Joaquin River mainstem a: Vernalis storm centering,

4. Risk Analysis Procedures
a4, System input flow-[requency curves derived using the same procedures as

in the HEC Section 408 risk analysis demonstration project (June 2009)
will be used. These curves represent the summation of regulated tlow
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d.

hydrographs at hydraulic model boundary conditions upstream of a given
Index Point.

Inflow-Outflow relationships derived using the same procedures as in the
demonstration project will be used. These relationships will be used to
account for system routing and loss of flow due to spills over levees. This
relationship translates the system input flow to a regulated flow at each of
the Index Points.

Flow-discharge Transform Functions at Index Points will be based on an
infinite levee scenario (no spills). This is a maximum flow versus
maximuin stage relationship.

The inflow-outflow relationship should be based on sensitivity analysis of’
Manning’s n-value roughness coetficients and levee overtopping weir flow
coefficients. The Manning’s n-value uncertainty range will be determined
recognizing model calibration variability at the index points. The levee
overtopping weir coefTicient is not a calibrated parameter so its uncertainty
range will be based on the typical coefficient range for broad crested weirs
of 2.6 to 3.1 as defined in the HEC-RAS Hydraulic Reference Manual,
CPD-69, March 2008 (Table 8-1).

3. Analysis of Conditional Annual Ixceedance Probability

=]

The procedures being utilized will not produce a level of protection
evaluation for each index point in the system. This is because of the
necessity to make simplifying assumptions concerning levee performance
and hydrologic inputs. The assumption of no levee failures will result in
ALP’s that are conditioned on that assumption and will thercby
overestimate the level of protection provided throughout the system.
Therefore for this analysis a Conditional Annual Exceedance Probability
(C-AEP) will be caloulated for each index point. All of the factors
governing the “Conditional " aspect of the AEP will be documented.

“Conditional” Conditional Non-Exceedance Probabilities (C-CNP) shall be
reported. too.

The target levee elevations used to compute Without Project Condition C-

ALP and C-CNP’s shall be consistent with the levee elevations used to
establish the Base Condition (sec item 2.a).
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d. For Index Points controlled by backwater such that stage-discharge

relationships do not exist, the analysis will be based on stage-frequency and

not flow-frequency methodology. In these same areas the C-AEP’s and C-

CNP’s will be based on the authorized levee elevation as shown on the

1955 Design flood profiles.

6. Index Point Locations

a. A list of index points i1s provided in Table 1. A map showing the index
point locations is shown in Figure 4.

Table 1. Index Points

Fed Project

Design Top
Channel of Levee, Top of
Invert 1955 Levee
Index Elev. Profile Elevation
Point (ft. (ft. (fl. Top of Levee Elevation
Reach Location ' ID | NGVD29) | NGVD29) | NGVD29) | Source
San Joaquin River
_ Vernalis to Paradise Cul 63.24 SIR1 -19 321 318 CA Levee Database ©
" Paradise Cut o Old River | 5781 [ SIR2 |14 268 | 258 " ['CALevee Database”
Old River to model boundary 47.80 SIR3 -15 18.1 18.4 CA Levee Database -
Paradise Cut i —
San Joaquin R. to Old R. 267.9 PC1 7 238 239 CA Levee Database °
San Joaquin R. fo Old R. 2393 PC2 -1 229 | 216 CA Levee Database
San Joaqun R 1o Ol R 1157 PC3 -5 198 222 CA Leves Database
OWRiver L
San Joaquin B, to Middle R. | 1420 OR1 -8 19.6 196 CA Levee Database
" Middie R to Paradise Cut | 172.06 | OR2 |20 148|175 " [CATevee Database
Paradise Cut to model boundary -100.5 OR3 -B T 15.6 DIWE. batiometoy
survey, 1997
ViddieRiver -
Old R. to model boundary 26251 | MRI -4 - 156 E‘o‘;‘:"”h‘*““"e Study
Salmon Slough B B
All 146.81 351 -14 14.4 19.4 CA Levee Database
Grant Line Canal
All 236 GLC 13 - 181 DWR bathymetry
1 survey, 1997

" Hydraulic model cross-section ID. San Joagquin River and Middle River are referenced to Comp Study River Mile,
Paradise Cut, Old River and Grant Line Canal are based on individual reach stationing on 100 foot increments.
* Converted from vertical datum NAVDSS8 to NGVD29 based on relationship of 0 ft. NGVD29 = 2.4 fi. NAVDSS as per

Carlson, Barbee, Gibson.
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EXISTING
CONDITIONS

NO ACTION
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Attachment C. Certification of internal
quality control

David Ford Consulting Engineers, Inc. has completed the Conditional risk
analysis for the River Islands at Lathrop project. The internal technical review
was appropriate to the level of risk and complexity inherent in the project.
The technical reviewer has verified that the work performed complies with
established policy, principles, and procedures, and reflects the use of justified
and verified assumptions, The technical review included review of underlying
assumptions; methods, procedures, and materials used in analyses;
alternatives evaluated; the appropriateness of data used; and reasonableness
of the results, including whether the product meets the customer’s needs
consistent with law and existing Corps policy. The undersigned recommends
certification of the internal quality control process for this work product.

All concerns resulting from internal technical review of the project have been
addressed.

W gr 'Z«‘;/Zole?

David Ford, PhD, PE (date)
President
David Ford Consulting Engineers
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Attachment D

Calibration Water Surface Profiles

Figure D-1. San Joaquin River
Figure D-2. Paradise Cut
Figure D-3. Old River
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Figure D-1

Figure D-2
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Figure D-3
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Attachment E

Basis for Converting Elevations from NGVD29 to NAVD88
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July 21, 2009
Job No.: 0905-000

MEMORANDUM

TO: Susan Dell’Osso, River Islands at Lathrop
FROM: Chris Harmison, P.L.S.
CC; John Zhang, P.E., Carlson, Barbee & Gibson, I1c.

SUBJECT: Vertical Datum Conversion — River Islands

Per vour request, Carison, Barbee & Gibson, Inc. (CBGQG) 1s providing this memorandum to
descrtbe the method used to convert elevations between the National Geodetic Vertical Datum of
1929 (NGVD 29) and the North American Vertical Datum of 1988 (NAVD 88) throughout the
River Islands project in Lathrop, California.

In 2003, Aerometric Surveys prepared an aerial topography for the entire River Islands project
based on the NAVD 88 datum, CBG assisted in the preparation of the aerial topograpliy by
locating three (3} first order NAVD 88 benchmarks within the River Islands project, published
by the Nationial Oceanic and Atmosphere Administration (NOAA), National Geodetic Survey
(NGS) data sheets (www.ngs.noaa.gov). These data sheets also published the NGVD 29
elevations for the benchmarks.

Project Benchmarks

Benchmark No. 1 - NGS disk (PID HS0518) stamped “H-1041 1959 jocated in the top of the
northeast conerete abutinent of the Manthey Road Bridge Spanning Paradise Cut.

Elevation=27.25 feet (NAVD 88)
Elevation = 24.86 feet (NGVD 29)

Difierence = 2.39 feet

Benchmark No, 2 - NGS disk (PID HS0512) stamped “Bridges 19597 located near the northeast
abutment of the Union Pacific Railroad drawbridge.

PECRRS - DTy S»ﬂ'll}':i,ur“cy‘.’vﬁ:MLiE,ME‘HG-'\J:l?LuI [
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Datum Conversion — River islands July 21, 2008
Page 2 0f 13 Job No.: 505-000

Elevation = 28.57 feet (NAVD £8)
Elevation = 26.23 feet (NGVD 29}

Difference = 2,34 feet

Benchinark No. 3 - NGS disk (PTD HS0515) stamped “Bridges 1959 No 3 1971" located near
the southwest abutment of the Union Pacific drawbridge.

Elevation = 32.80 feet (NAVD §8)

HwR 18 8

8
Elevation = 30.4 feet (NGVD 29}
Difference = 2.40 feet

Based on the mean difference between the NGVD 29 and the NAVD 88 clevations, CBG
determined the conversian factor to be 2.38 feet.

This conversion factor equation shall be applied when translating topographic mapping between
the NGVD 29 and NAVD 88 for the River Islands project:
NGVD 29 (feet) + 2.38 (feet) = NAVD 88 (feet)

Please see the attached NGS Data Sheets and Exhibit A for descriptions and locations.

Wm Sﬁwwm

Christopher S. Harmison, PLS
Sentor Surveyor

PP AUSHES - DRGSO s M E MR R Vaticat dos
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Datum Conversion — River Islands Tuly 21, 2009
Page 3of 13 Job No.. 0905-000

The NGS Data Sheets

HS0518

A s e e of skl B f ok o 9 e e ks sk e g o s e ot s o ke ek ol e s oo s ekl B SR s ROR R R s s R
HS0518 DESIGNATION - H 1041

HS0518 PID - HS0518

HS0518 STATE/COUNTY- CA/SAN JOAQUIN

HS0518 USGS QUAD - LATHROP (1987)

HS0518

HS0518 *CURRENT SURVEY CONTROL

HSO0518

HS0518* NAD 83(1986)- 374618, (N) 1211940. (W) SCALED
HS0518* NAVD 88 - 8.305 (meters) 27.25 (feet) ADJUSTED
HS0518

HS0518 GEOID HEIGHT- -32.15 (meters) GEQIDO3
HS0518 DYNAMICHT - 8.300 (meters)  27.23 (feet) COMP
HS0518 MODELED GRAV- 9799289 (mgal) NAVD BB
HSO0518

HS0518 VERT ORDER - FIRST CLASS I

HS0518

HS0518.The horizontal coordinates were scaled from a topographic map and have
HS0518.an estimated accuracy of +/- 6 seconds.

H80518

HS0518.The orthometric height was determined by differential leveling
HS0518.and adjusted 1n July 2002.

HS0518.No vertical observational check was made to the station.

HS0518

HS0518.The geoid height was determined by GEOIDO3.

HS0518

HS0518.The dynamic height is computed by dividing the NAVD 88
H80518.geopotential number by the normal gravity value computed on the
HS0518.Geodetic Reference System: of 1980 {GRS 80) cllipsoid at 45
HS0518.degrees latitude (g = 980.6199 gals.).

HS0518

HS0518.The modeled gravity was interpelated from obscrved gravity values.
HS0518

HS0518; North East Units Estimated Accuracy
HS0518,SPCCA S - 641,450 1927680,  MT (+/- 180 meters Scaled)
HS0518

fs0518 SUPERSEDED SURVEY CONTROL

HS0518

HS05318 NGVD 29 (72/77/92) 7.576 (m) 24.86 ({}ADIUNCH 20
HE0518

B0 - DRSNS Gl survey ATEMO S SVeni - Veneal doc
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HS0518.Superseded values are not recormended for survey control.

HS0518.NGS no Jonger adjusts projects to the NAD 27 or NGVD 29 datums.
HS0518. See file dsdata.txt to determine how the superseded data were derived.

HS0518

HS0518 U.5. NATIONAL GRID SPATIAL ADDRESS: 105FG472817(NAD 83)
HS0518 MARKER: DB = BENCH MARK DISK

HS0518_SETTING: 38 = SET IN THE ABUTMENT OR PIER OF A LARGE BRIDGE
HS0518_SP_SET: BRIDGE ABUTMENT

HS0318 STAMPING: H 1041 1959

HS0518 MARK LOGO: CGS

HS0518 MAGNETIC: N =NO MAGNETIC MATERIAL

HS0518_STABILITY: B = PROBABLY HOLD POSITION/ELEVATION WELL
HS0518 SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR
HSO518+SATELLITE: SATELLITE OBSERVATIONS - June 24, 2000

HS0518

HS0518 HISTORY -Date Condition Report By

HS0518 HISTORY - 1859 MONUMENTED  CGS

HS0518 HISTORY -1965 GOOD NGS
HS0518 HISTORY - 20000624 GOOD NGS
HS0518

HS0518 STATION DESCRIPTION
HS0518

118051 ¥DESCRIBED BY COAST AND GEODETIC SURVEY 1959
HS0518'4.6 Ml SW FROM LATHROP.

HS0518'3.0 MILES SOUTHWEST ALONG THE SOUTHERN PACIFIC COMPANY
RAILROAD

HS0318FROM THE STATION AT LATHROP, THENCE 1.6 MILES SOUTHWEST ALONG
HS0518'U.S. HIGHWAY 50, 1.4 MILES SGUTHWEST OF THE DRAWBRIDGE OVER
THE

HS0518'SAN JOAQUIN RIVER, ALONG THE NORTHWEST TRAFFIC LANES OF THE
HIGHWAY, -

HS0518'AT CONCRETE BRIDGE 29-321 OVER PARADISE CUT, IN THE TOP OF THE
HS0518NORTHEAST CONCRETE ABUTMENT, 18 1/2 FEET NORTHWEST OF THE
CENTER

HS0518'LINE OF THE NORTHWEST TRAFFIC LANES, 4.0 FEET SOUTHEAST OF THE
HSN518NORTHWEST END OF THE ABUTMENT, AND LEVEL WITH THE HIGHWAY
AND BRIDGE

HSO518'DECK.

FHS0518

HS0518 STATION RECOVERY (1965)

HS0518

HS0518'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1965
HS0518RECOVERED IN GOOD CONDITION.

BAGREG  OEO AT ey MIMUS Meme-Vernaal do
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HS0518

HS0518 STATION RECOVERY (2000)

HSO518

HS0SI8RECOVERY NOTE BY NATIONAL GEQDETIC SURVEY 2000 (GAS)
HS051815.6 KM (9.70 M1) SOUTHERLY ALONG INTERSTATE HIGHWAY 5 FROM THE
HS0S18TUNCTION OF STATE HIGHWAY 4 EAST IN STOCKTON, THENCE 0.5 KM
(0.30 M)

HS051$'SOUTHERLY ALONG THE LOUISE ROAD EXIT RAMP, THENCE 0.1 KM (0.05
MI)

HSOSIS'WESTERLY ALONG LOUISE AVENUE. THENCE 5.4 KM (3.35 MI)
SOUTHWESTERLY

HS0518'ALONG MANTHEY ROAD, IN TOP OF AND 1.2 M (3.9 FT) SOUTHEAST OF
THE

HS0518'NORTHWEST END OF THE NORTHEAST CONCRETE ABUTMENT OF THE
ROAD BRIDGE

HS0518'SPANNING PARADISE CUT, AND 5.6 M (18.4 FT) NORTHWEST OF AND
LEVEL WITH

HS0518'THE ROAD CENTERLINE. NOTE--THE MONUMENT IS ON THE ROAD
RIGHT-OF-WAY.

HS0512

EEESEEEEETE I ET EEESEEEIEEE TSP EEEEFEEEFEEEESLEEIIIEL T EEELEEEEEEE LT
HS0512 DESIGNATION - BRIDGES

AS0512 PID - HS0512

HS0512 STATE/COUNTY- CA/SAN JOAQUIN

HS0512 USGS QUAD - LATHROP (1987)

HS0512

HS0512 *CURRENT SURVEY CONTROL

H80512

HS0512% NAD 83(1992)- 37 47 15.84232(N) 121 18 25.72365(W) ADJUSTED
HS0512* NAVD 88 - 8,709 (metersy  28.57 (feet) ADJUSTED
HS0512

HS0512 EPOCH DATE - 1991.35

HS0512 LAPLACE CORR- 1.25 (seconds) DEFLEC99
HS0512 GEOID HEIGHT- -32.12 (meters) GEOIDO3
HS0512 DYNAMIC HT - R 702 (meters)  28.55 {fect} COMP
HS0512 MODELED GRAV- 9799317 (mgal) NAVD 88
HS0512

HS0512 HORZ ORDER - SECOND

HS0512 VERT ORDER - FIRST CLASS I

HS0512

HS0312. The horizontal coordinates were established by classical geodetic methods

1036 - OGO J0unve FAMEAOS Wicria- Veruml dow
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HS80512.and adjusted by the National Geodetic Survey in March 1994,
HS0512.The horizontal coordinates are valid at the epoch date displayed above.
HS0512.The epoch date for horizontal controd is a decimal equivalence
HS0512.0f Year/Month/Day.

HS0512

HS0512. The orthometric height was determined by differential leveling
HS0512.and adjusted in July 2002,

HS0512.No vertical observational check was made {o the station,

HS0512

HS0512.The Laplace correction was computed from DEFLEC99 derived deflections.
HS0512

HS0512.The geoid height was determined by GEQID(3.

HS0512

HS0512.The dynamic heiglit is computed by dividing the NAVD 8
HS0512.geopotential mumber by the normal gravity value computed on the
HS0512.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
HS0512 . degrees iatitude (g = 980.6199 gals.}.

HS0512

HS0512.The modeled gravity was interpolated from observed gravity values.
HS0512

HS0512; North East Units Scale Factor Converg.

HS0512;8PC CA 3 - (43,220.565 1,928,908.475 MT 0.99992938 -(02936.0
HS0512;SPC CA 3 -2,110,299.47 6,328,427.22 sFT (0.99992938 -02939.0
HS0512:UTM 10 -4,183,613.603 649,060.944 MT 0,99987367 +102 14.9
HS0512

HS0512! - Elev Factor x Scale Factor = Combined Factor

HS0512!SPC CA 3 - 1.00000367 x (.99992938 = 0.99993305
HSO5121UTM 10 - 1.00000367 x 099987367 = (0.99987734

HS0512

HS0512] - — E

HSO0512] PID  Reference Object Distance  Geod. Az |
HS0512; dddmmss.s |

HS0512} HS0514 BRIDGES RM ] 8.153 METERS 006824 |
HS0512{ HS0515 BRIDGES RM 3 8.154 METERS 00827 |
HS0512| HS0513 BRIDGES RM 2 14.712 METERS 10440 |
HS0512] HS0516 BRIDGES AZ MX 2114314.0 |
HS0512] 1180520 PAINE APPROX. 3.9 KM 23113455 |
HS05 1 2fmnmmmmmrsmm s s - |

HS0512

HS0512 SUPERSEDED SURVEY CONTROL.

HS0512

HS0512 NAD 83(1980)- 37 47 15.83596(N) 121 18 25.72337(W}1 AD(i984.00) 2
HS0512 NAD 27 - 3747 16.09600(N) 121 18 21.92930(W)y AD{ 32

FENGS - 0D0GES Moo M EMUSMeni- Verticat dez
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HS0512 NGVD 29 (?7/72/92)  7.995 (m) 2623 (DADJUNCH 12

HS0512

HS0512.Superseded values are not recommended for survey control.

HS0512.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
HS0312.8ee file dsdata.txt to determine how the superseded data were derived.

HS0512

HS0512_U.S. NATIONAL GRID SPATIAL ADDRESS: 168FG4900183014(NAD 83)
HS0512 MARKER: DS = TRIANGULATION STATION DISK

HS0512_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT
HS0512_SP_SET: SET IN TOP OF CONCRETE MONUMENT
HS0512_STAMPING: BRIDGES 1956

HS0512 MARK LOGO: CGS

HS0512 MAGRETIC: N = NO MAGNETIC MATERIAL

HS0512_STABILITY: C=MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO
HSO512+STABILITY: SURFACE MOTION

H80512_SATELLITE: THE SITE LOCATION WAS REPORTED AS NOT SUITABLE FOR
HS0512+SATELLITE: SATELLITE OBSERVATIONS - June 25, 2000

HS30512

HS0512 HISTORY -Date Condition Report By

HS0512 HISTORY - 1959 MONUMENTED  CGS

HS80512 HISTORY - 1938  GOOD CGS

HS0512 HISTORY  -1963 SEE DESCRIPTION CGS

HS0512 HISTORY - 1971 SEE DESCRIPTION NGS

HS0512 HISTORY - 1971  GOOD NGS
HS0512 HISTORY - 20000625 GOOD NGS
HS0512

HS0512 STATION DESCRIPTION
HS0512

HS0512DESCRIBED BY COAST AND GEODETIC SURVEY 1959 (JEG)

HS0512'THE STATION IS LOCATED ABOUT 11 MILES AIRLINE, SOUTH OF
STOCKTON, '

HS0512°AND ABOUT 200 YARDS WEST OF THE U.S. HIGHWAY 50 SAN JOAQUIN
HS0512'RIVER BRIDGE, ON THE SOUTEERN PACIFIC RAILROAD RIGHT OF WAY.
HS0512"

HS0512'TO REACH THE STATION FROM THE JUNCTION OF U.S. HIGHWAY 50 AND
HS0S12'STATE HIGHWAY 4, AT THE SOUTH EDGE OF STOCKTON, GO SOUTH AND
HS0512'SOUTHWEST ON U.S. HIGHWAY 50 FOR 11.2 MILES TO A PARKING AREA
HS0512'AT THE NORTH END OF THE SAN JOAQUIN RIVER BRIDGE. TIHIS IS THE
HS0512'END OF TRUCK TRAVEL. FROM THIS POINT PACK WESTERLY ABOUT 200
HS0512'Y ARDS TO THE NORTHEAST END OF THE SOUTHERN PACIFIC RAILROAD
HS0512'DRAW BRIDGE, AND THE STATION.

HS0512"

HS0512'THE STATION MARK 1S A STANDARD BRONZE DISK STAMPED BRIDGES

BIEAG - PIFHAIS- (e v A E MO S Senty Yeriesl doe
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HS0512'1959, SET IN THE TOP OF A 10 INCH SQUARE CONCRETE MONUMENT,
HS0512'WHICH PROJIECTS 8 INCHES ABOVE GROUND LEVEL. MARK IS 3 FEET
HS0512'SOUTH OF A BRIDGE RAIL, 4 FEET WEST OF A CONCRETE BRIDGE
ABUTMENT,

HS0512'AND 6 FEET NORTH NORTHWEST OF A METAL WITNESS POST.

HS0512

HS0512'REFERENCE MARK NUMBER ONE IS A STANDARD BRONZE DISK
STAMPED

HSO512BRIDGES NO 1 1959, CEMENTED IN A DRILL HOLE TN A CONCRETE
HS0512'BRIDGE ABUTMENT. MARK IS 1 FOOT SQUTH OF A BRIDGE RAIL, 27
HSO512FEET NORTH NORTHEAST OF A POWER POLE, AND ABOUT 5 FEET HIGHER
HSO312'IN ELEVATION THAN THE STATION.

HS0512"

HS0512'REFERENCE MARK NUMBER TWO IS A STANDARD BRONZE DISK
STAMPED

HS0512'BRIDGES NO 2 1959, SET IN THE TOP OF A 10 INCH SQUARE CONCRETE
HSO051ZMONUMENT, WHICH PROJECTS 6 INCHES ABOVE GROUND LEVEL. MARK
IS

HS0512'27 FEET SOUTH OF A POWER FOLE, AND ABOUT 4 FEET IIGHER IN
HS05312’ELEVATION THAN THE STATION.

HS0512

HS0512'TO REACH THE AZIMUTH MARK FROM THE STATION WALK SOUTH
ACROSS

HS0512'THE DRAW BRIDGE TG AN CILED ROAD AT THE SOUTH END OF THE
BRIDGE.

HSO512TURN LEFT AND GO EASTERLY FOR 0.05 MILE TO THE AZIMUTH MARK
HS0512°0ON THE RIGHT.

HS50512'

HS0512'THE AZIMUTH MARK 1S A STANDARD BRONZE DISK STAMPED BRIDGES
HS05121959, SET IN THE TOP OF A 10 INCH SQUARE CONCRETE MONUMENT,
WHICH

H50512'1S FLUSH WITH GROUND LEVEL. MARK 18 16 FEET SOUTH OF A HARD
HS0512'SURFACED ROAD, & FEET NORTHEAST OF POWER POLE NUMBER 19, AND
ABGUT

H&0512'40 FEET SOUTH OF A ROW OF CABINS.

HS0512

HSO0512HEIGHT OF LIGHT ABOVE STATION MARK 4.14 METERS.

HS0512

HS0512 STATION RECOVERY (1959)

HS6512

HS0512RECOVERY NOTE BY COAST AND GEODETIC SURVEY 1959

HS505123.2 MI SW FROM LATHROP.

PR - 555 R e ME MOS A enn Versiend ot
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HS0512'3.2 MILES SOUTHWEST ALONG THE SOUTHERN PACIFIC COMPANY
RAILROAD

HS0512’FROM THE STATION AT LATHROP, NEAR THE NORTHEAST END OF THE
STEEL

HS0512'DRAW BRIDGE 78.24 OVER THE SAN JOAQUIN RIVER, 69 FEET NORTHEAST
HS0512’0F THE NORTHEAST END OF THE SOUTHEAST STEEL GIRDER, 4 FEET
WEST

HS0512'OF THE SOUTHEAST END OF THE FIRST CONCRETE BENT NORTHEAST OF
HS0512'THE BRIDGE, 3 FEET SOUTHEAST OF THE SOUTHEAST WOODEN BRIDGE
RAIL,

HS0512'7 FEET SOUTHEAST OF THE SOUTHEAST RAIL OF THE SOUTHEAST
TRACK, 6

HS0512FEET NORTH-NORTHWEST OF A WITNESS POST, ABOUT 6 FEET LOWER
THAN

HS0512'THE TRACK, AND SET IN THE TOP OF A CONCRETE POST PROJECTING 0.2
HS0512'FOOT ABOVE THE GROUND.

HS0512

HS0512 STATION RECOVERY (1963)

HS0512

HS0512’RECOVERY NOTE BY COAST AND GEODETIC SURVEY 1963 (JT)
HS0512'THE STATION, R.M. 1 AND R.M. 2 WERE RECOVERED IN GOOD CGNDITION.
HS0512"

HS0512'THE STATION IS LOCATED ABOUT 3.2 MILES SOUTHWEST OF LATHROP.
HS0512'TO REACH FROM THE SOUTHERN PACIFIC COMPANY RAILROAD STATION
HS0512'IN LATHROP, GO 3.2 MILES SOUTHWEST ALONG RATLROAD TO STEEL
HS0512’DRAWBRIDGE 78.24 OVER THE SAN JOAQUIN RIVER.

HS0512'

HS0512'THE STATION 1S A C AND GS TRIANGULATION STATION DISK, STAMPED
HS0512'BRIDGES 1959, 69 FEET NORTHEAST OF THE NORTHEAST END OF THE
HS0512'SOUTHEAST STEEL GIRDER, 7 FEET SOUTHEAST OF THE SOUTHEAST
HSO512RAIL, ABOUT 6 FEET LOWER THAN TRACK, SET IN THE TOP OF A
HS0512'CONCRETE POST PROJECTING 0.2 FOOT ABOVE THE GROUND.

1180512

HSO0512'R.M. 1 IS A C AND GS REFERENCE MARK DISK, STAMPED BRIDGES NO 1
1959,

HS051226.8 FEET EAST-NORTHEAST OF THE STATION, 6.3 FEET SOUTHEAST
HS0512'0F THE SOUTHEAST RAIL, AND N THE TOP OF THE SOUTHEAST END OF
HS0512THE SOUTHWEST CONCRETE ABUTMENT FOR THE WOODEN TRESTLE AT
THE

HS0512’NORTHEAST END OF THE BRIDGE.

HS0512"

HSO0512R.M. 215 A C AND GS REFERENCE MARK DISK, STAMPED BRIDGES NO 2
HS051271959. 48.2 FEET SOUTH-SOUTHEAST OF THE STATION, 53 FEET SOUTHEAST

b
L
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HS0512'0F THE SOUTHEAST RAIL OF THE TRACK, AND SET IN THE TOP OF A
HSO512'CONCRETE POST.

HS0512

HS0512 STATION RECOVERY {1971)

HS0512

HS0512RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1971 {LFS)
HS0512THE STATION MARK WAS RECOVERED IN GOOD CONDITION. THE

REFERENCE
HS0D512MARK 2 DISK WAS FOUND SOMEWHAT BATTERED BY HAMMERING AND
SLIGHTLY

HS0512'LO0SE SO 1T WAS REINFORCED WITH CONCRETE ON THIS DATE. THE
115051 2REFERENCE MARK 1 DISK WAS FOUND TO HAVE BEEN PRIED OUT SO THE
HS0312'DRILL HOLE WAS DEEPENED AND REFERENCE MARK 3 WAS SET IN IT ON
HS0512'THIS DATE. THE AZIMUTH MARK WAS DESTROYED DURING ROAD
HS0512'CONSTRUCTION IN 1965. THE 1959 DESCRIPTION IS ADEQUATE WITH THE
11S0512FOLLOWING ADDITIONS--

HS0512

HS0512’REFERENCE MARK 2 IS ABOUT 2 FEET HIGHER THAN THE STATION
HSO512’MARK.

HS0512

HS0512REFERENCE MARK 3 IS A C AND GS REFERENCE MARK DISK STAMPED
HS0512'BRIDGES 1959 NO 3 1971 CEMENTED IN A DRILL HOLE IN THE TOP OF
HS0512'THE SOUTHEAST END OF THE SOUTHWEST CONCRETE ABUTMENT FOR
THE

11S0512'WOODEN TRESTLE AT THE NORTHEAST END OF THE BRIDGE, 20.7 FEET
HS0512'SOUTHEAST OF THE SOUTHEAST RAIL OF THE TRACK, ABOUT 1 FOOT
L.OWER

HS0512'THAN THE TRACK AND ABOUT 4 FEET HIGHER THAN THE STATION
MARK.

HS0512

HS0512 STATION RECOVERY (1971)

HS0512

HS0512RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1971
HS0512RECOVERED IN GOOD CONDITION.

HS0512

HS0512 STATION RECOVERY (2000)

150512

HS0512RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 2000 (GAS)
TIS0512'15.6 KM (9.70 M) SOUTHERLY ALONG INTERSTATE HIGHWAY 5 FROM THE
HS0512TUNCTION OF STATE HIGHWAY 4 BAST IN STOCKTON, THENCE 0.5 KM
(6,30 MI)

HS0512'SOUTHERLY ALONG THE LOUISE AVENUE EXIT RAMP, THENCE 0.1 KM
(6,05 MT)

BB - el 500 urvesa Ml MOS M- Verneal dos
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HSO512°WESTERLY ALONG LOUISE AVENUE. THENCE 2.7 KM (1.65 MI)
SOUTHERLY ALONG

HSO5I12’MANTHEY ROAD, THENCE 0.3 KM (0.20 MT) SOUTHWESTERLY ALONG THE
UNION

HSO0512PACIFIC RAILRCAD, 8.3 M (27.2 FT} SOUTHWEST OF REFERENCE MARK 3,
6.6 M '

HS0512'(21.7 FT) SOUTHEAST OF THE NEAR RAIL, 1.6 M (5.2 FT) BELOW THE LEVEL
HS0512'0OF THE TRACKS, 0.9 M (3.0 FT) SOUTHWEST OF THE SOUTHWEST EDGE OF
THE

HS0512NORTHEAST ABUTMENT OF A RAILROAD DRAWBRIDGE, 0.6 M (2.0FT)
SOUTHEAST

HS0512'0F A BRIDGE RAIL, AND THE MONUMENT I3 RECESSED 0.2 M (0.7 FT}
BELOW

HS0512'THE GROUND SURFACE. NOTE--THE MONUMENT IS ON PROPERTY
OWNED BY THE

HSO512°UNION PACIFIC RAILROAD, 833 EAST 8TH STREET, STOCKTON, CA 95206,
HSO512TELEPHONE (216) 799-3832.

HS0515

et o e s oot ot b ot s st o ot o o e s e oo o e SR o e o e kol o e S o 25 ok o o o ok e st s ol o ok ok el ok ook
HS0515 TIDAL BM - This is a Tidal Bench Mark.

HS0515 DESIGNATION - BRIDGES RM 3

HS0515 PID - HS0515

HS0515 STATE/COUNTY- CA/SAN JOAQUIN

HS0515 USGS QUAD - LATHROP (1987)

HS0515

HS0515 *CURRENT SURVEY CONTROL

HS0515

HS0515% NAD 83(1986)- 3747 16. (N} 121 1831. (W) SCALED
HSO0515% NAVD 88 - 9.998 (meters) 32.80 (feet) ADJUSTED
HS0515 '

HS0515 GEOID HEIGHT-  -32.12 (meters) GEOID03
HS0515 DYNAMIC HT - 9.991 (meters)  32.78 (feety COMP
HS0515 MODELED GRAV- 9799318 (mgal) NAVD 88
HS0515

HS0515 VERT ORDER - FIRST CLASSH

HS0515

HS0515.The horizontal coordinates were scaled from a topographic map and have
HS0515 an estimated accuracy of +/- 6 seconds.

HS0515

HS0515.The orthometric height was determined by differential leveling
HS0515.and adjusted in July 2002,

50515 No vertical observational check was made o the station.
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HS0515

HS0515.This Tidal Bench Mark is designated as VM 12237

HS0515.by the Center for Operational Geeanographic Products and Services.
HS0515

HE0515.The geod height was determined by GEGIDO3,

HSO515

HS0515.The dynamic height is compuied by dividing the NAVD 88
HS0515.geopotential number by the normal gravity value computed on the
HS0515.Geodetic Reference System of §98G (GRS 80) ellipsoid at 45
HS0515.degrees latitude (g = 980.6199 gals.).

HS0513

HS0515.The modeled gravity was interpolated from observed gravity values.
HS0515

HS0515; North East Units Estimated Accuracy
HS0515;SPCCA 3 - 643,230, 1,928,780,  MT {*/- 180 meters Scaled)
HS0515

HS0515 SUPERSEDED SURVEY CONTROL

HS0515

HS0515 NGVD 29 (08/19/04) 9.26 (m) 304 (HRESET 3
HS0515

HS0515.Superseded values are not recommended for survey control.

HSO515.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datuns.
H80515.8ee file dsdata.txt to detenmine how the superseded daia wers derived.

HS0515

HS0515 U.S. NATIONAL GRID SPATIAL ADDRESS: 10SFGA489836(NAD 83)
HS0515_MARKER: DR = REFERENCE MARK DISK

HS0515_SETTING: 38 = SET IN THE ABUTMENT OR PIER OF A LARGE BRIDGE
HS0515_SP_SET: BRIDGE ABUTMENT

HS0515_STAMPING: BRIDGES 1959 NO 3 1971

HS0513 MARK LOGO: NGS

150515 MAGNETIC: N = NO MAGNETIC MATERIAL

HS50515_STABILITY: B = PROBABLY HOLD POSITION/ELEVATION WELL
HS0515_SATELLITE: THE SITE LOCATION WAS REPORTED AS NOT SUITABLE FOR
HSO0515+SATELLITE: SATELLITE OBSERVATIONS - June 24, 2000

HS0515

HS0515 HISTORY -Date  Condition Report By
HS0515 HISTORY -1971 MONUMENTED  NGS

HSO515 HISTORY - 20000624 GOOD NGS
HSu515

HS0515 STATION DESCRIPTION
HS0315

HSO313DESCRIBED BY NATIONAL GEODETIC SURVEY 1971
HS05153.2 MI SW FROM LATHROP.
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HS0515'3.2 MILES SOUTHWEST ALONG THE SOUTHERN PACIFIC COMPANY
RAILROAD

HS0515TFROM THE STATION AT LATHROP, NEAR THE NORTHEAST END OF STEEL
HS0515DRAWBRIDGE 78.24 OVER THE SAN JOAQUIN RIVER, 96 FEET NORTHEAST
HS0515'0F THE NORTHEAST END OF THE SOUTHEAST STEEL GIRDER, IN THE TOP
HS0515'0F THE SOUTHEAST END OF THE SOUTHWEST CONCRETE ABUTMENT
FOR THE

HS0515'WOODEN TRESTLE AT THE NORTHEAST END OF THE BRIDGE, 26.8 FEET
HS0515'EAST-NORTHEAST OF TRIANGULATION STATION BRIDGES. 20.7 FEET
HSO515'SQUTHEAST OF THE SCUTHEAST RAIL OF THE TRACK, AND ABOUT 1

FOOT

HS0515LOWER THAN THE TRACK.

HS0515

HS0515 STATION RECOVERY (2000)
180515

HS0515RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 2000 (GAS)
HS0515°15.6 KM (9.70 MI) SOUTHERLY ALONG INTERSTATE HIGHWAY 5§ FROM THE
HS0515TUNCTION OF STATE HIGHWAY 4 EAST IN STOCKTON, THENCE 0.5 KM
(0.30 M)

HS0515'SOUTIHERLY ALONG THE LOUISE AVENUE EXIT RAMP, THENCE 0.1 KM
(0.05 MD)

HSO0515'WESTERLY ALONG LOUISE AVENUE, THENCE 2.7 KM (1.65 MI)
SOUTHERLY ALONG

HS0515MANTHEY ROAD, THENCE 0.3 KM (0.20 MI) SOUTHWESTERLY ALONG THE
UNION

HS0515'PACIFIC RAILROAD, IN TOP OF AND 0.3 M (1.0 FT) NORTHUWEST OF THE
HS0515'SOUTHEAST END OF THE SOUTHWEST CONCRETE ABUTMENT OF A
RAILROAD TRESTLE

HS0515'NORTHEAST OF THE RAILROAD DRAW BRIDGE SPANNING THE SAN
JOAQUIN RIVER,

HS0515'8.3 M (27.2 FT) NORTHEAST OF TRIANGULATION STATION BRIDGES, 6.5 M
HS0515'21.3 FT) SOUTHEAST OF THE NEAR RAIL, AND 0.4 M (1.3 F'T) BELOW THE
HS0515'LEVEL OF THE TRACKS. NOTE--THE MONUMENT IS ON PROPERTY
OWNED BY THE

HS0515'UNION PACIFIC RAILROAD, 833 EAST 8TH STREET, STOCKTON, CA 95206,
HS0515' TELEPHONE (916) 799-3832.

PR R ENAN R rmun ey R IO Mema- Vet dog
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LEGEND EXHIBIT A
@  PROJECT BENCHMARK RIVER ISL ANDS

CITY OF LATHROP  SAN JOAQUIN COUNTY CALIFORNIA
SCALE: 1"=4,000' DATE: JULY 16, 2009

e Ty Carlson, Barbee AL
%ﬂ & Glbson, Inc. 1

6111 Bosinger Canyon Road, Sulls 150 « San Ramon, T4 83583
S25-506-0522 « fax §25-REARSTE

== PROJECT BOUNDARY

i chandg com @ 1 s

L 905 - 000 ACADNE etvibits\Site Plan \AFFISH ~PLAN ) _B- S 11 day

MBK Engineers E-14
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



Attachment F

Levee Overtopping Maps

Figure F-1. Levee overtopping, 100-year flood event (1 of 2)
Figure F-2. Levee overtopping, 100-year flood event (2 of 2)
Figure F-3. Levee overtopping, 200-year flood event (1 of 2)
Figure F-4. Levee overtopping, 200-year flood event (2 of 2)
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Figure F-1. Levee overtopping, 100-year flood event (1 of 2)
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Figure F-2. Levee overtopping, 100-year flood event (2 of 2)

MBK Engineers
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



Figure F-3. Levee overtopping, 200-year flood event (1 of 2)
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Figure F-4. Levee overtopping, 200-year flood event (2 of 2)
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Figure G-1.
Figure G-2.
Figure G-3.
Figure G-4.
Figure G-5.
Figure G-6.
Figure G-7.
Figure G-8.
Figure G-9.
Figure G-10
Figure G-11
Figure G-12
Figure G-13
Figure G-14
Figure G-15
Figure G-16
Figure G-17
Figure G-18
Figure G-19

Figure G-20.
Figure G-21.
Figure G-22.
Figure G-23.
Figure G-24.

MBK Engineers

Attachment G

Peak Water Surface Elevation Profile Plots
Levees Breach when Water Reaches Top of Levee

Maximum water surface elevation profiles, San Joaquin River, 50-year

Changes in maximum water surface elevation profiles, San Joaquin River, 50-year
Maximum water surface elevation profiles, San Joaquin River, 100-year

Changes in maximum water surface elevation profiles, San Joaquin River, 100-year
Maximum water surface elevation profiles, San Joaquin River, 200-year

Changes in maximum water surface elevation profiles, San Joaquin River, 200-year
Maximum water surface elevation profiles, San Joaquin River, 500-year

Changes in maximum water surface elevation profiles, San Joaquin River, 500-year
Maximum water surface elevation profiles, Paradise Cut, 50-year

. Changes in maximum water surface elevation profiles, Paradise Cut, 50-year

. Maximum water surface elevation profiles, Paradise Cut, 100-year

. Changes in maximum water surface elevation profiles, Paradise Cut, 100-year

. Maximum water surface elevation profiles, Paradise Cut, 200-year

. Changes in maximum water surface elevation profiles, Paradise Cut, 200-year

. Maximum water surface elevation profiles, Paradise Cut, 500-year

. Changes in maximum water surface elevation profiles, Paradise Cut, 500-year

. Maximum water surface elevation profiles, Old River, 50-year

. Changes in maximum water surface elevation profiles, Old River, 50-year

. Maximum water surface elevation profiles, Old River, 100-year

Changes in maximum water surface elevation profiles, Old River, 100-year
Maximum water surface elevation profiles, Old River, 200-year

Changes in maximum water surface elevation profiles, Old River, 200-year
Maximum water surface elevation profiles, Old River, 500-year

Changes in maximum water surface elevation profiles, Old River, 500-year
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Figure G-1

Figure G-2
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Figure G-3

Figure G-4

MBK Engineers
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



Figure G-5

Figure G-6
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Figure G-7

Figure G-8
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Figure G-9

Figure G-10
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Figure G-11

Figure G-12
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Figure G-13

Figure G-14
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Figure G-15

Figure G-16
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Figure G-17

Figure G-18
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Figure G-19

Figure G-20

MBK Engineers G-10
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx



Figure G-21

Figure G-22
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Figure G-23

Figure G-24
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Attachment H

Peak Water Surface Elevation Profile Plots
Levees Overtop Without Failing

Figure H-1. San Joaquin River, 50-year
Figure H-2. San Joaquin River, 100-year
Figure H-3. San Joaquin River, 200-year
Figure H-4. San Joaquin River, 500-year
Figure H-5. Paradise Cut, 50-year
Figure H-6. Paradise Cut, 100-year
Figure H-7. Paradise Cut, 200-year
Figure H-8. Paradise Cut, 500-year
Figure H-9. Old River, 50-year

Figure H-10. OId River, 100-year
Figure H-11. OId River, 200-year
Figure H-12. Old River, 500-year
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Figure H-1

Figure H-2
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Figure H-3

Figure H-4
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Figure H-5

Figure H-6
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Figure H-7

Figure H-8
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Figure H-9

Figure H-10
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Figure H-11

Figure H-12
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Figure I-1.
Figure 1-2.
Figure I-3.
Figure 1-4.
Figure 1-5.
Figure I-6.
Figure 1-7.
Figure 1-8.
Figure 1-9.
Figure 1-10.
Figure I-11.
Figure 1-12.
Figure 1-13.
Figure 1-14.
Figure 1-15.
Figure 1-16.
Figure 1-17.
Figure 1-18.
Figure 1-19.
Figure 1-20.
Figure 1-21.
Figure 1-22.
Figure 1-23.
Figure 1-24.
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Attachment |

Detailed Flood Inundation Maps, 200-year Flood Event

Storage Area D and E 200-year inundation, Existing and With Project

Detail of Storage Area D 200-year inundation, Existing and With Project (1 of 1)

Storage Area F and G 200-year inundation, Existing and With Project

Detail of Storage Area F and G 200-year inundation, Existing and With Project (1 of 2)

Detail of Storage Area F 200-year inundation, Existing and With Project (2 of 2)

Storage Area K, L, and M 200-year inundation, Existing and With Project

Detail of Storage Area K 200-year inundation, Existing and With Project (1 of 1)

Storage Area Z 200-year inundation, Existing and With Project

Detail of Storage Area Z 200-year inundation, Existing and With Project (1 of 4)
Detail of Storage Area Z 200-year inundation, Existing and With Project (2 of 4)
Detail of Storage Area Z 200-year inundation, Existing and With Project (3 of 4)
Detail of Storage Area Z 200-year inundation, Existing and With Project (4 of 4)
Storage Area D and E 200-year inundation, No Action and With Project
Detail of Storage Area D and E 200-year inundation, No Action and With Project (1 of 1)
Storage Area F and G 200-year inundation, No Action and With Project
Detail of Storage Area F and G 200-year inundation, No Action and With Project (1 of 2)
Detail of Storage Area F and G 200-year inundation, No Action and With Project (2 of 2)
Storage Area K, L, and M 200-year inundation, No Action and With Project
Detail of Storage Area K, L, and M 200-year inundation, No Action and With Project (1 of 1)
Storage Area Z 200-year inundation, No Action and With Project
Detail of Storage Area Z 200-year inundation, No Action and With Project (1 of 4)
Detail of Storage Area Z 200-year inundation, No Action and With Project (2 of 4)
Detail of Storage Area Z 200-year inundation, No Action and With Project (3 of 4)
Detail of Storage Area Z 200-year inundation, No Action and With Project (4 of 4)
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Storage

Legend:

Blue — existing condition inundation area
Red — change in inundation area due to Project

Storagefirea E

o Existing WSE = 25.46
, With Project WSE = 24.80

Storage Area D

Existing WSE=26.98
With Project WSE = 27.17

. & a5
Figure I-1. Storage Area D and E 200-year inundation,
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Existing and With Project



Existing WSE = 26.98
With Project WSE = 27.17

Depth in red zone ranges
from O ft. to 0.19 ft.

Legend:
Blue — existing condition inundation area
Red — change in inundation area due to Project
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Legend:
Blue — existing condition inundation area
Red — change in inundation area due to Project

Existing WSE=21.09
With Project WSE = 21.48

Storage Area G

Storage Area E

o)

Figure 1-3. Storage Area F and G 200-year inundation, Existing and With Project
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Depth in red zone ranges
from O ft. to 0.39 ft.

Storage Area G

5l
" Legend:
% Blue - existing condition inundation area

[ Red — change in inundation area due to Project

ME . PR

>

L
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Existing WSE=21.09
With Project WSE = 21.48




ExistingWSE=21.17
With Project WSE = 21.54

Legend:
Blue — existing condition inundation area
Red — change in inundation area due to Project

Figure 1-5. Detail of Storage Area F 200-year inundation, Existing and Wi Project (2 of 2)
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Storage Area K

Existing WSE=27.05
With Project WSE = 28.52

StorageAreall

)

Existing WSE= 28,91
With Project WSE = 29.02
Storage Area'M
Existing WSE=29.14 :
With Project WSE = 29.17

Legend:
Blue — existing condition inundation area &
Red — change in inundation area due to Project \ e

Figure 1-6. Storage Area K, L, and M 200-year inundation,Exsting and With Project
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Existing WSE=27.05
With Project WSE = 28.52

StorageArea'k

Depth in red zone ranges
from O ft. to 1.47 ft.

Figure I-7. Detail of Storage Area
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Legend:
Blue — existing condition inundation area
Red — change in inundation area due to Project

N 5

200-year inundation, Existing and With Project (1 of 1)




Existing WSE=2.93
k l With Project WSE = 3.95

\Sto age Area ?_‘)

Legend:
Blue — existing condition inundation area
Red — change in inundation area due to Project
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Depth in red zone ranges

from O ft. to 1.02 ft. ey Legend: _
T <5 Blue — existing condition

inundation area
Red — change in inundation
area due to Project

Storage Area Z

Figure 1-9. Detail of Storage Area Z 200-year inundation, Existing and With Project (1 of 4)
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Figure 1-10. Detail of Storage Area Z 200-year inundation, Existing and With Project (2 of 4)
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| Depth in red zone ranges : ' B Legend:
f ’ 0 ft 1.02 ft * Blue — existing condition inundation area
PSS R : ‘ Red — change in inundation area due to Project

\
|

‘i

4
E
"]
L1 9
T
B
3
9
L
7
4
i

f

1T == o | | \ A e o e |
Figure 1-11. Detail of Storage Area Z 200-year inundation, Existing and With Project (3 of 4)
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Legend:

Blue — existing condition inundation area

Red — change in inundation area due to Project
Depth in red zone ranges Ty e r( '
from O ft. to 1.02 ft. s

Existing WSE=2.93
With Project WSE = 3.95

e e g

Figure 1-12. Detail of Storage Area Z 200-year inundation, Existing and With Project (4 of 4)
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Legend:
| Yellow — “no action” condition inundation area
{ Red — change in inundation area due to Project

No Action WSE= 25.60
With Project WSE = 24.80
y

No Action WSE = 27.09
With Project WSE = 27.17

Figure 1-13. Storage Area D and E 200-year inundation, No Action and With Project
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Depth in red zone ranges
a0 from O ft. to 0.08 ft.
. 1\ N .‘n;:\; ot BT ,.
Legend: N 7 2
Yellow — “no action” condition inundation area
Red — change in inundation area due to Project

n, No Action ‘
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Figure I-15. Storage Area F and G 200-year inundation, No Action and With Project
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Depth in red zone ranges
from O ft. to 0.36 ft.

B

!

No Action WSE=21.19 ¢
With Project WSE = 21.54 )

Legend:
Yellow — “no action” condition inundation area
Red — change in inundation area due to Project

e e :
o N o A N

Figure 1-16. Detail of Storae Area F and G 200-year inundation, No Action and With Project (10f2)
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Depth in red zone ranges
from O ft. to 0.35 ft.

Legend:
Yellow — “no action” condition inundation area
Red — change in inundation area due to Project

T P e . &

- e
1 v

Figure 1-17. Detail of Storage Area F and G 200-year inundation, No Action and With Project (2 of 2)
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Figure 1-18. Storage Area K, L, and M 200-year inundation, No Action and With Project
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Legend:
Yellow — “no action” condition inundation area
Red — change in inundation area due to Project

Depth in red zone ranges
from O ft. to 3.69 ft.

T
N

Flgure 1-19. Detall
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g

&3

No Action WSE=2.99
\ | With Project WSE = 3.95
- 3 > Ty --‘"h’""l

=7 o -
L

Storage Area-Z——p—
)
./:

Sikharn wes

.:‘l_l-, e~ B
' o

Legend:
Yellow —“no action” condition inundation area
Red — change in inundation area due to Project

Figure 1-20. Strage Area Z 200-year inunation, No Action n With Projet
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Depth in red zone ranges
from O ft. to 0.96 ft.
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Legend:

Yellow = “no action” condition
inundation area

Red — change in inundation area
due to Project

No Action WSE= 2.99
With Project WSE = 3,95
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Figure 1-22. Detail of Storage Area Z 200-year inundation, No Action and With Project (2 of 4)
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Depth in red zone ranges
from O ft. to 0.96 ft.

iy e e e — g T

Legend:
1 Yellow —“no action” condition inundation area
Red — change in inundation area due to Project

c e e 11 A el
Figure 1-23. Detail of Storage Area Z 200-year inundation, No Action and With Project (3 of 4)
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Legend:
Yellow — “no action” condition
e inundation area
Depth in red zone ranges B o S Red — change in inundation area
from O ft. to 0.96 ft. BT due to Project

Storage Area?

—_— - .
e T A e

Figure 1-24. Detail of Storage Area Z 200-year inundation, No Action and With Project (4 of 4)

MBK Engineers
River Islands Hydraulic Impact Analysis 2012-03-16 final rev2014-07-28.docx 1-24



Attachment J

Internal Quality Control Certification
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Internal Quality Control Certification

River Islands at Lathrop Hydraulic Impact Analysis, March 16, 2012.

MBK Engineers has completed a hydraulic impact analysis for the River Islands at
Lathrop project. The undersigned verifies that the work performed complies with
established policy, principles and procedures, and reflects the use of justified and verified
assumptions. The technical review included verification of project criteria; review of
assumptions, methods, procedures, and material used in analyses; review of the
appropriateness of data used; and reasonableness of the results, including whether the
product meets the needs of River Islands at Lathrop consistent with State and federal laws
and regulations.

All concerns resulting from internal technical review of the project have been addressed.

e e 2-25—(2

Don Trieu, P.E. Date
MBK Engineers






