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1. LOCAL AND SYSTEMWIDE HYDRAULIC EFFECTS OF THE FEATHER
RIVER SETBACK LEVEE MODIFICATION

Model Development

Potential impacts of the Feather Setback Levee were evaluated using state-of-the-art hydraulic
models and hydrology data obtained from the Corps of Engineers. TRLIA obtained a version
of the Corps HEC-RAS model of the Feather-Yuba Rivers and refined and recalibrated that
model using different and additional data. All refinements made to the model were made 1) to
improve the calibration, 2) extend the upstream reach on the Sutter Bypass, and 3) refine the
model for the economic analysis that was performed on the TRLIA Construction Program.
The hydrologic and hydraulic models used for this study are described in the MBK Engineers
report titled Hydraulic and Hydrologic Analysis of the Three River’s Levee Improvement
Authority’s Phase IV Project, Basis of Design for Feather River Setback Levee Project, dated
July 2007. The 1-in-100 and 1-in-200 AEP floods were routed through Lake Oroville and
New Bullards Bar Reservoir for hypothetical storms centered over either the Feather River or
Yuba River watershed. The resultant flows were routed through the flood system down to the
location of VVerona, on the Sacramento River immediately downstream of the confluence with
the Feather River. Water surface profiles were calculated for each flood event. The Shanghai-
Yuba centering (i.e., location in the hydrologic model where a storm is focused) provided the
highest water surface elevations along the Feather and Yuba Rivers and also along the lower
Bear River. The model extends far enough downstream of the setback levee to demonstrate
the without and with modification hydraulic impacts to a point of convergence. The hydraulic
impacts of the setback levee were evaluated through modeling of the Sacramento River Flood
Protection Project (SRFCP) design discharges, the 100-year discharge, and the 200-year
discharge under existing conditions in the project vicinity for without and with proposed
modified conditions.

System Levee Performance Assumptions

An important assumption in performing hydraulic simulations of levee systems on a regional
basis is defining if, when, and how levee failures will occur. The analysis of the setback levee
for impact purposes assumes that levees would not fail before or after overtopping. Top-of-
levee profiles were compared to the SRFCP Design Profile plus three feet of freeboard (as
defined in the 1953 MOU and as shown on the 1957 Design Profiles) to determine low spots
where levee overtopping could occur. These low locations were defined in the HEC-RAS
model for the without project condition. At locations, where the top-of-levee elevations were
found to be below SRFCP Design Profile plus three feet, the levees were assumed to be
restored to the authorized design elevations. TRLIA made these assumptions because it did
not want to analyze or design the setback levee in a way that relied on overtopping at low
levee locations to achieve the levee performance objectives since it was reasonable to assume



that levees below authorized design conditions might be fixed. The state and local districts are
aware of these low reaches and are expected to restore levees to authorized design elevations
in the near future. The assumed modifications occur for short reaches on the Bear River and
Yankee Slough and are limited in extent and the amount of raising and do not have a
significant impact to the flood system. The computed 200-year water surface elevations did
not overtop the levee at these assumed modified reaches.

For the purposes of the hydraulic impact analyses of the setback levee, an assumption was
made that upstream levees do not fail when overtopped. This is a conservative assumption for
determining hydraulic impacts that is consistent with standard practice for design of flood
control levees by the Corps of Engineers. However, it should be noted that the upstream
levees do not overtop under SRFCP Design Conditions or during passage of the 200-year
flood event. In fact the existing Feather floodway in the vicinity of the setback levee has 3
feet or more of freeboard over the SRFCP Design Flow as well as the 200-year flow, (see
Figure 4). The existing top of levee information was obtained by design surveys along the
Feather east levee from the Bear Setback levee to the Yuba South Levee in 2006 and from
topography gathered by the Corps and the California Department of Water Resources (DWR)
Comprehensive Study in 2000. The 200-year discharge in the Feather River along the setback
levee is approximately 350,000 cfs. The 1957 Design Discharge is 300,000. It might seem
incongruent for the current existing 200-year profile to be lower than the 1957 Design Profile
in some reaches. The 1957 Design Profile associated with the 300,000 cfs 1957 Design
Discharge was developed based on topography, vegetation and analytical tools that existed in
the 1950°s. All have changed in the last 50 years. High water marks and current topography
along with more precise analytical tools show that the Feather River can convey a 200-year
storm event with 3 foot or more of freeboard in the setback reach. Levee stability however is
not reliable at these elevations, which brings about the need to perform levee repairs, which in
this case is proposed to be a setback levee.

Modeling of the Setback Levee

From PLM 17.1 (Star Bend) to PLM 23.6 (West of the Yuba County Airport) on the Feather
River left bank, it is proposed to modify the SRFCP by constructing a setback levee. After
acceptance of the setback levee into the SRFCP, portions of the existing levee would be
removed to allow water to flow into the new floodway/setback area (i.e., the area between the
existing levee and the setback levee) during high river stages.

The proposed setback levee was modeled by modifying the cross sections in the HEC-RAS
model to reflect the setback levee alignment, proposed levee degradation, and the Manning’s
roughness values to reflect the assumed land use in the setback area. The land use between
the existing levee and new levee was assumed to be habitat restoration. It is possible that
agricultural operations may remain in portions of this area. Since it is unknown what the final
land use will be in the setback area, habitat restoration land use was chosen for the simulation
to be conservative since it would result in higher water surface elevations. Habitat restoration
land use was simulated using a Manning’s roughness value of 0.1 compared to a value of 0.6
to reflect agricultural land use. For the area between the riverbank and the existing levee, it
was assumed that there would be no land use changes, and the Manning’s roughness value
remained unchanged.



Hydraulic Impacts of the Setback Levee

For modeling purposes, the current without modification condition was the benchmark
condition by which all hydraulic impacts were measured for the setback levee. The without
modification condition was represented in the model by the existing conditions (current
channel vegetation, geometry, and top-of-levee elevations) of the flood control system as it
exists today, except those few short locations along the Bear River and Yankee Slough where
the levees are below the 1957 design criteria and were assumed to be raised to the 57
condition as explained above.

The proposed setback levee is designed to (1) decrease flood stages in the Feather River
between Shanghai Bend and Star Bend (i.e., along the setback location) by increasing the
channel width and, therefore, channel capacity; and (2) provide a well-designed, well-
constructed levee using up-to-date technology. Lowering flood stages along this part of the
Feather River channel would provide a hydraulic benefit to the system by reducing the
backwater effects on flood stages upstream in both the Feather and Yuba Rivers. Hydraulic
simulations indicate that the setback levee would lower water levels in the Feather River
upstream of Star Bend. For the 1-in-100 and 1-in-200 AEP events, it was determined that the
setback levee would lower the water level at the confluence of the Feather and Yuba Rivers
(RM 27.0) by 1.3 feet and 1.6 feet, respectively. It would decrease water surface elevations
for the SRFCP Design Discharge by 1.5 feet. Construction of the setback levee and related
changes in upstream water levels would not affect the Lake Oroville or New Bullards Bar
Reservoir dams or change the operation of the reservoirs. TRLIA does not propose an
increase of the objective flow on the Feather River. Lowering flood stages and replacing the
existing levee with a well-designed, well-constructed levee using up-to-date construction
standards reduces the potential for levee failures in this channel reach that has historically been
plagued by levee instability and failures. The effects of the levee setback to local flood
protection are beneficial.

The proposed setback levee would increase flood storage capacity along the Feather River
channel. Under most conditions, this would help attenuate downstream flows. However,
because the levee setback would lower water levels upstream (which reduces the amount of
instream transient storage during a flood event), flows in the Feather River just downstream of
the setback levee increase slightly. The hydraulic simulations indicate that the Feather River
peak flow just downstream of the setback levee during a 1.0% (or 1:100) annual chance of
exceedence flood event would increase from 271,938 cfs to 272,406 cfs, an increase of 468 cfs
which is less than 0.2%. The slight increase in flows would result in a negligible increase in
the water surface elevation (calculated as 0.02 foot) in the Feather River from the southern end
of the setback levee to the confluence with the Bear River. There would be no measurable
increase in flood stage elevations downstream of the Bear River. For the 0.5% (1:200) annual
chance of exceedence flood event, the flows would increase from 347,031 cfs to 348,879 cfs,
an increase of 1,848 cfs (less than 0.6%). The water surface elevation in the Feather River
from the southern end of the setback levee to the confluence with the Bear River would
increase by less than 0.1 foot (calculated as 0.08) foot as a result of the increased flow. Again,
there would be no measurable increase in flood stage elevations downstream of the Bear
River.



Tables 1 and 2 show the hydraulic impacts of the proposed setback levee in the Feather-Yuba
system. The without project condition for these tables includes the construction of all TRLIA

Levee Repair Phases

Table 1. Hydraulic Impacts to Maximum Stage, 1-in-100 AEP
Without Project Condition Includes Construction of All TRLIA Repair

Phases
Without Project | Proposed Setback Levee
Model Maximum Maximum Impact
River River Stage Stage (ft- (ft.)
Mile (ft-NGVD) NGVD)

Bear 3.44 55.8 55.8 0
Feather 9.0 49.5 49.6 0.1
Feather 19.0 61.7 60.9 -0.8
Feather 26.0 714 69.6 -1.8
Feather 29.0 75.1 74.2 -0.9
Yuba 1.14 73.7 72.6 -1.1
Yuba 2.6 74.7 73.9 -0.8

Table 2. Hydraulic Impacts to Maximum Stage, 1-in-200 AEP
Without Project Condition Includes Construction of All TRLIA Repair

Phases
Without Project | Proposed Setback Levee
Model Maximum Maximum Impact
River River Mile Stage Stage (ft.)
(ft-NGVD) (ft-NGVD)

Bear 3.44 57.7 57.7 0
Feather 9.0 51.7 51.7 0
Feather 19.0 64.9 64.1 -0.8
Feather 26.0 74.8 72.8 -2
Feather 29.0 78.2 77.1 -1.1
Yuba 1.14 77.3 75.9 -14
Yuba 2.6 78.4 77.2 -1.2

It should be noted that the hydraulic model used for this analysis does not take into account the
Forecast-Coordinated Operations (F-CO) of Lake Oroville and New Bullards Bar Reservoir
completing implementation this year. The F-CO is a cooperative planning and model
development process that is directed toward strengthening flood control operations for the
Yuba and Feather Rivers by improving flood forecasts, closely coordinating the flood
operations of Lake Oroville and New Bullards Bar Reservoir, improving operational
procedures, and providing for improved communication and real-time forecast information to
reservoir operators and downstream emergency managers. With implementation of the F-CO,



any increases in downstream discharges associated with modification of the SRFCP by the
setback levee would be eliminated. Specifically, any discharge increase would be mitigated as
part of the operation of Lake Oroville and New Bullards Bar Reservoir. Operating rules and
objective releases for these two reservoirs will not be changed by the FCO or construction of
the setback levee. The operating rules for the reservoirs will still require that adjustments in
reservoir outflows be made to control flows to the objective releases given in Table 3. The
FCO will increase the reliability and effectiveness of reservoir operations to meet the objective
discharges in the system. The coordinated operation of the reservoirs and the improved
forecasting that are part of the F-CO will mitigate the slight increase in flows due to the
improved hydraulics of the Feather River. A small adjustment (perhaps as much as 2,000 cfs
for the 200-year event) in the reservoir operation (a normal occurrence under existing
operation criteria) might be made to maintain flows in the Feather River at or below the
prescribed objective flows.

The SRFCP, based on the 1953 Corps/State Memorandum of Understanding (1953 MOU),
called for the levees to contain the flows shown in Table 3 with at least 3 feet of freeboard.
The authorization of Oroville and New Bullards Bar Dams included objective flows for flood
control at certain locations below the reservoirs. These are also shown in Table 3.

Table 3. 1957 Design Flows and Current Objective Flows

Design Flow | Objective Flows Established by
Location 1957 MOU Oroville / New Bullards Bar
Authorization”
Feather R. Upstream 210,000 cfs 180,000 cfs
from Yuba R.
Feather R. Downstream 300,000 cfs 300,000 cfs
from Yuba R.
Feather R. Downstream 320,000 cfs 320,000 cfs
from Bear R.
Yuba R. above confluence 120,000 cfs 120,000 cfs to 180,000 cfs
with Feather R. depending on Feather River flow
Bear R. above confluence 40,000 cfs 40,000 cfs
with Feather R.

1/ Objective flows were adopted in federal regulation (see Title 33, Chapt. Il, part
208). These reservoir operation rules are governed by federal regulation and have
the force of law.

It is estimated that the objective flows can be maintained up to an approximate recurrence
interval of once every 125-years. With the F-CO in place, there will not be any impact to the
system design flows due to the proposed modification because objective flows will not change
and operating rules will not change. The most significant impact of the proposed setback
levee is to provide additional freeboard for the levees upstream of Star Bend on the Feather
River. Operation at the downstream Fremont Weir will not change as a result of the Feather
River setback levee and no measurable changes to water surface elevations will occur.

The SRFCP 1957 Design Profile was based on a “Steady State” analysis using the design
discharges. That is; hydrographs were not routed through the system using a hydraulic model.




Instead, hydrologic routings were performed that made certain assumptions as to timing of the
flood waves (based on historical flood experience). The maximum flows were then analyzed
with a hydraulic model assuming constant (steady state) flows. It is unknown at this time all
of the assumptions that were made to calculate the 1957 Design Profile as to timing, etc. To
determine the impacts of the proposed setback levee on the SRFCP Design Flows, TRLIA
performed a simulation with the current HEC-RAS model in the “Steady State” mode using
the 1957 Design Discharges from Table 3 for the without and with modified conditions.
Figure 5 compares the steady state water surface profiles for without and with modified
conditions. It also shows the 1957 Design Profile for the Feather River. Table 4 lists the
water surface elevation differences for the SRFCP Design Discharges.

Table 4. Hydraulic Impacts to Maximum Stage, SRFCP Design Discharge
Without Project Condition Includes Construction of All TRLIA Repair Phases

Without Project Proposed Setback Levee
Model River | Maximum Stage | Maximum Stage | Impact
River Mile (ft-NGVD) (ft-NGVD) (ft.)
Feather 9.0 48.9 48.9 0
Feather 19.0 63.0 62.0 -1.0
Feather 26.0 72.7 70.8 -1.9
Feather 29.0 77.6 76.6 -1.0

Figure 5 indicates that the 1957 Design Discharge has different elevations for today’s existing
conditions than what were computed in the 1950’s. At the lower end of the Feather River,
current computations show that the 57 Design Discharge would have a higher elevation than
originally computed. This is caused by changes in the channel topography and a better
understanding/analysis of the backwater impacts that occur at the Sacramento/Feather/ Sutter
Bypass/Fremont Weir confluence. It is likely the assumed timing of coincident peak flows
used in the development of the 1957 Design Profile is substantially different than the timing
that is currently indicated and being used. This cannot be explored further because there is no
information on this timing in the Corps historic documents. None of the differences shown
between the historic design elevations and the current computed elevations for the Design
Discharge from Feather RM 0 to 12 are caused by construction of the setback levee and thus
do not require mitigation by TRLIA. Figure 5 does show a significant reduction in water
surface elevation for the Design Discharge upstream from Star Bend due to construction of the
proposed setback levee. As explained earlier, the use of recent topographic information,
incorporation of large event calibration information, and the use of more sophisticated analysis
tools are thought to give a more accurate determination of existing elevations for the 57
Design Discharge than the elevations developed in the early 1950°s and reported on the 1957
Design Profiles. Impacts of the proposed setback levee are best depicted by comparing the
without t and with modification project water surface elevations for the 57 Design Discharge
using the most recently developed hydraulic model.

Minor modifications to the most recent hydraulic model were necessary to provide consistent
results because of evident timing issues of coincident peak flows. The discharges used in the
“Steady State” hydraulic model were 180,000 cfs in the Feather River above the Yuba River,



300,000 cfs in the Feather River between the Yuba and Bear Rivers, 320,000 cfs in the
Feather River between the Bear River and the Sutter Bypass, and 380,000 cfs in the Feather
River below the Sutter Bypass. TRLIA does not believe an “Unsteady Flow” analysis of the
1957 Design Discharges is relevant or advisory at this time because of the complexity
involved in establishing a consistent data set.

Water velocities in the floodway are changed by construction of the setback levee. These
changes occur in the reach where the setback levee is constructed and upstream of this reach.
Velocities downstream of the setback levee remain essentially the same. In general, the
following impacts are identified. There is a reduction in velocity across the setback area
floodway which should decrease the potential for setback levee erosion. Under the modified
condition, the setback floodplain and areas near the proposed setback levee have velocities on
the average of 1 foot per second. All maximum velocities near the proposed levee are less
than 2 feet per second which should not produce erosion on the vegetated slopes of the
proposed levee. Velocities along the channel banks upstream of the setback reach are slightly
elevated due to the reduced downstream water surface elevations, which result in increased
water slope. These increases could slightly accelerate the rate of existing channel bank
erosion in some locations upstream of the setback levee reach unless these areas have
sufficient vegetation cover or rock protection. There is potential for the proposed modification
to slightly accelerate the headward migration of the existing knick zone, contributing to
channel bank erosion in the bend downstream of Shanghai Bend (east bank). Compared with
existing conditions, the increases in velocity on the west bank and within the channel (less
than one foot per second) are small in the context of natural variations in erosion forces, and
the impacts on the west levee and the channel banks are less than significant. An assessment
of modeled flow vectors relative to former channel locations does not indicate a strong
inclination for the river to immediately avulse and re-occupy historic eastern channel areas.
The potential geomorphic effects, which include velocity changes and impacts, are described
in more detail in the Phillip Williams & Associates document The Feather River levee
Setback: Preliminary Assessment of Potential Geomorphic Effects, dated 25 July 2007 and
which accompanies the design package for the setback levee.

Conclusions

The proposed setback levee will provide regional flood protection benefits by reducing water
surface elevations above Star Bend on the Feather and Yuba Rivers. These reduced upstream
water surface elevations also reduce transient storage in the river system which could slightly
increase flow downstream of the setback levee and produce insignificant water surface
increases in large flow events. However, these potential increases will be mitigated by
completion of implementation of the Flood Forecast-Coordinated Operations of Lake Oroville
and New Bullards Bar Reservoir. While velocities in some areas upstream will slightly
increase, these changes are small compared to the natural variation that occurs in erosive
forces in a system. These velocity increases are not expected to significantly change the
erosion locations or rates that already occur. Hydraulic impacts on the Sacramento River
Flood Control Project caused by the proposed modification are generally beneficial with any
adverse impacts being mitigated by the Flood Forecast-Coordinated Operations.



FIGURE 4

Feather River
1-in-200 AEP Maximum Water Surface Profile - Alternative 2 vs. Without Project
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FIGURE 5
Comparison of 1957 Design Water Surface Profiles
Feather River
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