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1.0 INTRODUCTION

This report documents the development of the post-Feather River West Levee Project
(FRWLP) 200-year floodplain map by Peterson Brustad Inc. (PBI). The map shows the
200-year residual floodplain from breaches along unaccredited levees within the portion
the Sutter Basin in Sutter County after construction of the FRWLP is complete. The maps
have not been reviewed or formally adopted by FEMA. It should be noted that these 200-
year maps can change over time due to a number of different factors such as changes to
the 200-year hydrology or physical changes in the flood control system.

In 2007, Sutter Butte Flood Control Agency (SBFCA) began a comprehensive evaluation
of the FRWL. This evaluation was necessary to identify the deficiencies of the FRWL,
their magnitude and severity, and the remedial measures required to address them. This
comprehensive evaluation determined that the existing FRWL contained through- and
under-seepage, landside and waterside instabilities, erosion deficiencies, and that a
substantial number of geotechnical and other improvements were necessary to bring the
FRWL up to current federal and state flood protection standards. An overview of the
FRWLP is shown in Figure 1-1.

SBFCA received State funding assistance to evaluate, design and construct 200-year
remediation measures along the FRWL from Thermalito Afterbay to Star Bend, and
construction of these improvements began in 2013 and were completed in 2020.
Construction of 100-year remediation measures from Star Bend to Station 98+00 (near
HWY 99) are also slated to be completed in 2020.

This report presents the 200-year post-project floodplain extents in the southern portion
of the Sutter Basin based upon completion of the FRWLP improvements. The maps
reflect the anticipated 100-year accreditation of the FRWL from levee STA 98+00
(~River Mile 9.27) to Star Bend, and the anticipated 200-year accreditation from Star
Bend to the Thermalito Afterbay Outlet. Note that the FRWL between stationing
1674+37 through 1769+31 are not scheduled to be accredited since these levees are
located on high ground and the 200-year water surface would not contribute to the Sutter
Basin floodplain if these freeboard levees were removed.*

The 200-year post-FRWLP residual floodplain maps have undergone a number of
updates over the years in order to incorporate updated information from new analyses and
to remain current with FRWLP changes. This report incorporates past updates and
supersedes all previously dated 200-year analyses and maps prepared by PBI.

! Peterson Brustad Inc., 2011. Sutter Butte Main Canal: Investigation Regarding Inflow from a Feather
River West Levee Breach.
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2.0 HORIZONTAL AND VERTICAL DATUM

The referenced horizontal projection is the North American Datum 1983, California State
Plane Coordinate System, Zone Il. The referenced vertical datum is the North American
Vertical Datum of 1988 (NAVDA88). All units are in U.S. Survey feet.

3.0 HYDROLOGIC & HYDRAULIC ANALYSIS
3.1 HYDRAULIC ANALYSIS SUMMARY

The 200-year post-FRWLP floodplain map shows the 200-year flood risk from potential
levee breaches along the Sutter Bypass, Wadsworth Canal, and Feather River south of
Station 465+00. The 200-year floodplain map is a compilation of separate mapping
analyses and can be divided up into two distinct areas of technical work:

1) the Town of Sutter area, which is defined as the area bounded by the Wadsworth
canal west levee, the Sutter Bypass east levee, and the Sutter Buttes

2) the southern end of the Sutter Basin, which is defined as the area bounded by the
Wadsworth Canal east levee, the Sutter Bypass east levee, and the Feather River
west levee

The 200-year residual floodplain for the Town of Sutter area is based on modeling a
levee breach on the Sutter Bypass at River Mile (RM) 87.48 and on the right bank of
Wadsworth Canal at RM 4.63.

To delineate the residual floodplain for the southern area of the Sutter Basin, multiple
levee breach scenarios were simulated at various locations to analyze the worst-case
scenario of flooding for this area:

1) RM 84.0 along the Sutter Bypass, located just downstream of the confluence of
Wadsworth Canal and the Sutter Bypass

2) RM 80.4 along the Sutter Bypass, located between Wadsworth Canal and Tisdale
Bypass

3) RM 77.79 along the Sutter Bypass, located just downstream of the confluence of
Tisdale Bypass and the Sutter Bypass

4) RM 2.42 along the left bank of Wadsworth Canal

5) RM 4.63 along the left bank of Wadsworth Canal

6) RM 16.5 along the Feather River

The residual floodplains from these scenarios were then analyzed to prepare a composite
map that reflects the maximum risk of flooding due to potential breaches along levees
that do not meet 200-year Urban Levee Design Criteria.?

2 California Department of Water Resources, 2012. Urban Levee Design Criteria.
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3.2 HYDRAULIC MODEL SOURCES

For the 200-year residual floodplain mapping, PBI updated an existing one-dimensional
HEC-RAS version 4.1 hydraulic model to a two-dimensional HEC-RAS version 5.0
model. The existing HEC-RAS version 4.1 model was developed by PBI as part of the
2011 U.S. Army Corps of Engineers’ (USACE) Sutter Basin Feasibility Study (SBFS)?
and for the design of the Feather River West Levee Project.*

The existing HEC-RAS version 4.1 model has undergone extensive quality control and
quality assurance reviews as part of the SBFS. For example, the model has gone through
an internal QA/QC process, an Independent Technical Review (ITR) process performed
by MBK Engineers, as well as the USACE Sacramento District-level Quality Control
process, USACE Agency Technical Review process, and USACE Independent Expert
Peer Review process. Full details in regard to the development of these models can be
found in the associated referenced documentation.

The main riverine components in the existing HEC-RAS version 4.1 model are the
Feather River, Yuba River, Bear River, Sutter Bypass, Tisdale Bypass, portions of the
Yolo Bypass and Sacramento River, and other smaller tributaries. The model extends
from the Yolo Bypass (approximately 6 miles downstream of Fremont Weir) at the
southern end to Oroville Dam at the northern end. The model contains numerous storage
areas that represent floodplains behind existing levees to account for the water that leaves
the riverine system.

The HEC-RAS version 5.0 model uses the same one-dimensional components (cross
sections, river reaches, and lateral structures) as the HEC-RAS version 4.1 model except
for Wadsworth Canal. The Wadsworth Canal one-dimensional structures were updated
using the Central Valley Floodplain Evaluation and Delineation Program (CVFED) HEC-
RAS 4.1 model® which had more detailed survey information for all the structures within
this reach.

The HEC-RAS version 4.1 model was previously calibrated to the January 1997 flood
event and verified to the January 2006 flood event.3* Since the HEC-RAS version 5.0
numerically models the one-dimensional components identically to the HEC-RAS
version 4.1 model and Wadsworth Canal has negligible impacts on the rest of the system,
the calibration and QA/QC still applies to the updated version.

To update the one-dimensional HEC-RAS version 4.1 model to a version 5.0 model,
storage areas within the Sutter Basin region were removed and replaced with a two-
dimensional flexible mesh that simulates flow over terrain while accounting for

3 Peterson Brustad, Inc., 2012. Sutter Basin Feasibility Study Hydraulics Report.

4 Peterson Brustad Inc., 2012. Design Water Surface Profiles for the Feather River West Levee Project
Addendum #1.

5 California Department of Water Resources, 2014. CVFED Upper Sacramento River System HEC-RAS
Model Documentation.
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roughness and volume conservation. The two-dimensional study area covers
approximately 300 square miles of Sutter and Butte County. The study area is relatively
flat and ranges in elevation from 25 ft-NAVD88 (southern end) to 130 ft-NAVD88
(northern end). The HEC-RAS model extents are shown in Figure 3-1.

The two-dimensional flexible mesh in HEC-RAS version 5.0 requires elevation and
Manning’s n values. The digital elevation model for the terrain underlying the 2-D flow
area was acquired from 1 square meter resolution LIDAR acquired as part of the
California Department of Water Resources (DWR) Central Valley Floodplain Evaluation
and Delineation Program.

Manning’s n values for the 2-D area were also developed from the California DWR
Central Valley Floodplain Evaluation and Delineation Program (CVFED) model. The
Manning’s n values assigned in the 2-D area were based on land use type from a 2004
Sutter County land use survey performed by the California DWR.® The chosen
Manning’s n values for the hydraulic model were found to be consistent with the HEC-
RAS 2D User’s Manual Version 5.0.” Table 3-1 shows the Manning’s n value associated
with the DWR land use classification.

Table 3-1 Manning's n values assigned for each Land Use Classification provided by DWR.

DWR Land Use Class Manning's n Roughness Value
Field Crops (F) and Pasture (P) 0.2
Deciduous fruits and nuts (D) 0.17
Idle (1) 0.2
Barren and wasteland (NB) 0.1
Riparian vegetation (NR) 0.25
Native vegetation (NV) 0.25
Water surface (NW) 0.04
Semi agricultural (S) 0.04
Tilled lands (T) 0.1
Urban (U) 0.04
Vineyards (V) 0.14

& California Department of Water Resources, 2004. 2004 Sutter County Land Use Survey Data Set —
Division of Planning and Local Assistance.

7US Army Corps of Engineers Hydrologic Engineering Center, 2016. HEC-RAS 2D User’s Manual
Version 5.0.
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3.3 BREACH ASSUMPTIONS AND LOCATIONS

The breach parameters utilized in the SBFS HEC-RAS model are based upon historical
breach information and technical guidance and were developed in coordination with the
USACE as part of the SBFS.

The most relevant historical breach information for the Feather River was found within a
Grand Jury Report® for the 1955 levee breach along the Feather River at Shanghai bend.
The reports states, “Water from the Feather River escaped through a small break in the
levee which increased in size to approximately 2,200 feet and inundated thousands of
acres to the west and backed up via Gilsizer Slough thereby flooding almost the entire
City of Yuba City”. The USACE analysis showed 1,500 feet as plausible and was chosen
by USACE for all breaks on the Feather River.® A break on the Sutter Bypass in 1997
was 1,100 feet long and thus was the basis for the USACE 1,000-ft breach width
assumption for the Sutter Bypass.®

Historical breach information was not available for Wadsworth Canal. A breach width of
100-feet at the upstream breach location (RM 4.63), and 150-feet at the breach just South
of Highway 20 (RM 2.42) were chosen based upon USACE technical guidance.*® The
100-foot width and 150-ft width are both also consistent with FEMA’s LAMP guidance!!
which states a that a minimum breach width of 100-feet shall be used for clay levees and
500-feet shall be used for sand levees. NULE data for Wadsworth Canal showed the
levee consisted of mainly over consolidated silt and lean clay to fat clay.*?

Breach locations were chosen at locations along the Feather River, Sutter Bypass and
Wadsworth Canal which would maximize flooding in the southern portion of the Sutter
Basin and in the area south of the town of Sutter. Figure 3-2 shows the location of the
breaches used for this analysis.

The breach trigger WSEs were derived from DWR’s Urban Levee Evaluation (ULE) and
Non-Urban Levee Evaluation (NULE) reduction heights.™® The reduction heights for both
ULE and NULE are calculated from geotechnical studies performed by URS Corporation
for DWR which evaluated underseepage, landside stability, through-seepage, and erosion
deficiencies. If the peak WSE did not reach the ULE/NULE breach trigger height, the
peak WSE was used as the breach trigger instead. Table 3-2 summaries the breach
parameters used for this project. The landside levee toe elevation was used for the breach
cut bottom elevation.

8 Report of the 1955 Sutter County Grand Jury, 1956.

9 United States Army Corps of Engineers, 2004. Sutter County, California Feasibility Study, Feasibility
Scoping Meeting (F3) Milestone Report.

10 United States Army Corps of Engineers, Sacramento Section, Hydraulic Design Section July 2013.

Development of Levee Breach Parameters for HEC-RAS Application.

1 FEMA. July 2013. Analysis and Mapping Procedures for Non-Accredited Levee Systems, New Approach.

12 URS Corporation, April 2014. Geotechnical Overview Report Volume 1, Existing Conditions Sutter

Study Area Levee Segments 63, 163, and 168.

13 URS Corporation, 2012. Levee Reliability Technical Memorandum.
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Breach Too of Levee NULE/ Trigger
Waterwa River | Width  Bottom (,\‘I’AVD o5 ULEReduction ~ WSE
y Mile | (f)  (NAVD 0 height (NAVDS8

88 ft) (ft) ft)
Feather River 16.50 1500 45.48 68.12 9.5 58.62
Sutter Bypass 87.48 | 1000 40.80 61.32 4.05 56.9*
Sutter Bypass 84.00 1000 38.54 59.04 5.00 54.04
Sutter Bypass 80.40 1000 36.90 57.72 12.30 45.42
Sutter Bypass 77.79 | 1000 34.28 56.43 12.30 44.13
Wadsworth Canal -
(Right Bank) 4.63 100 55.00 61.41 2.40 58.30
Wadsworth Canal .
(Left Bank) 4.63 100 55.00 62.59 1.80 58.30
Wadsworth Canal
(Left Bank) 2.42 150 46.89 59.31 7.00 52.31

*When NULE/ULE reduction height is not enough to cause the breach to trigger, the trigger
elevation is set to the peak WSE

200-Year Post-Feather River West Levee Project Sutter County Floodplain Mapping
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3.4 HYDROLOGY

The original hydrology for this region was developed by the USACE as a part of the
Sacramento and San Joaquin River Basins Comprehensive Study** (Comp Study). The
Comp Study, developed in 2002, used historic hydrologic information to estimate the
flows over varying return periods at all locations along the Sutter Bypass and Feather
River. Although the results of the study were adequate to model events along an entire
system, specific locations within the system were often overestimated or underestimated.

The Central Valley Hydrologic Study®® (CVHS) updated the Comp Study work by
creating flow-frequency curves at index points along the major tributaries in the Central
Valley. Along with the flow-frequency curves, scaled hydrographs from the 1955, 1986
and 1997 floods were developed to be used as boundary conditions for the model. The
scaled hydrograph that results in the closest flow for the desired frequency at each index
point were chosen as boundary conditions for the model.

While CVHS index points are located along all of the tributaries, many of the index
points on the minor tributaries, including Wadsworth Canal, did not have a flow-
frequency curve developed. Due to the unique nature of backwater flooding in
Wadsworth Canal, a simple flow-frequency curve would not adequately capture the
nature of high water within the canal. During periods of increased runoff, Wadsworth
Canal can fill to capacity and water ponds behind the interceptor canals until Wadsworth
Canal empties enough to accommodate the ponded water.*® Thus, the amount of available
capacity within Wadsworth Canal varies depending on the stage in the Sutter Bypass.

To accurately portray the maximum flow in Wadsworth Canal during periods of
increased runoff, the peak flow obtained from PBI’s Sutter County Interior Drainage
Study?’” was used to determine the scaled hydrograph inflow. The interior drainage study
predicted a max inflow to Wadsworth Canal during a 200-year event of approximately
2,500 cfs. For this study, the CVHS 200-year flow using the 1997 100% flood
hydrograph was used which has a peak flow of approximately 2,450 cfs.

For this study, the CVHS 110% 1997 scaled flood was used to represent the 200-year
event at index points along the Sutter Bypass, Sacramento River, and Yolo Bypass. The
CVHS 100% 1997 scaled flood was used to represent the 200-year event at index points
along the Feather River, Bear River, and Yuba River. This composite hydrology was
chosen to accurately represent flows along the Sutter Bypass and West Feather River
levees bordering the southern Sutter Basin.

14 United States Army Corp of Engineers, 2002. Sacramento and San Joaquin River Basins Comprehensive
Study.

15 California Department of Water Resources, 2015. Central Valley Hydrology Study.

16 United States Army Corp of Engineers, 2015. Sutter Basin Pilot Feasibility Report — Final
Environmental Impact Report / Supplemental Environmental Impact Statement.

17 Peterson Brustad, Inc., December 2020. “Sutter Butte Flood Control Agency (SBFCA) Interior Drainage
Analysis.”
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Table 3-3 summarizes the CVHS calculated 200-year flows, the 1997 flood scale
percentage, the corresponding 1997 scaled peak flow, and the Comp Study flow for each
index point location used in this study.

Table 3-3 CVHS hydrologic information

200- year Flow at Index Point (cfs) | Scaled 1997
RAS 5.0 Boundary
. . CVHS CVHS Model | Condition
River Location Index Comp Flow- d h
Points | stud = 1997 Hydrograp
tudy  Frequency .o Percentage
Curve Peak (%)
Feather River At Bear FTH-12 | 408,600 353,500 343,200 100
Feather River DeWeeN YUba 0y o5 | 362100 317,000 315,700 100
and Bear
Feather River DO";’(”jg;eam FTH-28 | 355,700 318,000 317,300 100
Sutter Bypass At Head SBY-1 | 228,600 167,000 166,500 110
Sutter Bypass At Wadsworth  WDC-0 | 228,300 167,000 167,300 110
Sutter Bypass At Tisdale TWR-5 | 252,100 179,000 188,500 110
Wadsworth At Head WDC-5 - . 2,450 100
Canal

4.0 200-YEAR FLOODPLAIN RESULTS

The 200-year composite post-project floodplain map for the southern portion of the Sutter
Basin is shown in Figure 4-1. The composite floodplain includes the worst-case flooding
depths based on all of the individual breach analyses performed. As shown in Figure 4-1,
two breaches control the floodplain water surface elevation: Sutter Bypass at RM 87.48,
and Feather River at RM 16.5.

For the Town of Sutter area, the breach of Sutter Bypass at RM 87.48 controls the water
surface elevation and flood depths for the entire area. The breach of Wadsworth Canal
Right Bank at RM 4.63 does not contribute to the composite floodplain.

For the south Sutter Basin, the breach of Feather River at RM 16.5 controls the water
surface elevation and depth for the entire area. The breach of Wadsworth Canal at RM
2.42, and the Sutter Bypass breaches do not contribute to the composite floodplain, as
depths from the breach of Feather River at RM 16.5 are greater. The breach at
Wadsworth Canal Left Bank RM 4.63 was not included in the composite 200-year
floodplain as over half of the flooded area includes depths less than 0.5 feet, which is
consistent with FEMA mapping standards.

The individual 200-year breach run floodplains are provided in Attachment A.

200-Year Post-Feather River West Levee Project Sutter County Floodplain Mapping 11
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