Notes: Differences to Last Day Wet for existing Yolo Bypass Salmonid Habitat Restoration and Fish Passage
conditions when decreasing inflows 10%. Negative Existing LDW Sensitivity to 10% Decrease in Flow 2001

values indicate earlier Last Day Wet.
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Notes: Differences to Last Day Wet for existing
conditions when decreasing inflows 10%. Negative
values indicate earlier Last Day Wet.
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9.0 Conclusions

A TUFLOW classic hydrodynamic model has been developed to help evaluate impacts and
benefits of potential alternatives for the Yolo Bypass Salmonid Habitat Restoration and Fish
Passage Project. Three alternatives for channel and gate designs at the Fremont Weir and an
alternative with channels and gates at the Sacramento Weir were evaluated. The model domain
extends along the Sacramento River just South of Tisdale Bypass to near Rio Vista, includes
the Yolo Bypass, and includes portions of the Feather River, Sutter Bypass, American River
and various North Delta sloughs.

Model results have been provided for use in analyses to quantify the impacts and benefits of the
four alternatives modeled. While the benefits and impacts will be evaluated by other analyses,
some observations can be made from the TUFLOW model results. All of the alternatives
increase the extent and duration of inundation events within the Bypass. The three Fremont
Weir alternatives provide similar increases in inundation. The FreLg alternative provides the
largest inundation benefit of 7,700 acres in 2 out of 3 years. The SacW alternative typically
provides half the inundation increase of the Fremont Weir alternatives.

Potential changes to sediment erosion and deposition within the Bypass and in the Sacramento
River are currently being evaluated.

The comprehensive nature of the model makes it a useful tool to serve as a basis for future
analyses.

9.1 Summary of Modeling Work/Data Passed Along

Post-processed model results have been provided to other teams to inform other analyses. The
Agriculture Economics team has been provided GIS data indicating the last day of inundation
anticipated for individual field units within the Bypass. The fisheries team has been provided
daily GIS raster data for depths and velocity magnitudes within the Bypass and time-series
discharge data at specific locations within the model. The CALSIM Modeling team has been
provided discharge versus discharge scatter plots for the each of the modeled alternatives to
define rating curves for CALSIM model input.

9.2 Recommendations for Future Model Improvements

The gate/channel designs and operations used for this study are preliminary and this modeling
effort focused on identifying the relative differences between alternatives. Changes to the
design and operation may impact the results.

A datum error for some of the water years at the downstream WSE versus time boundary
condition at Rio Vista are discussed in Section 6.2. Sensitivity analysis confirmed that the
change would have had little impact on the results but future analyses should use the corrected
boundary data.
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Bridges inside and outside of the Bypass were not represented in the model. Most bridges are
not submerged even in large floods but pier losses could be added in appropriate places. It was
learned through the modeling that the County Road 22 bridge over the Tule Canal is low
enough to become submerged in large floods. Model calibration suggests that incorporating this
change is not important for large scale analysis. Should the need for bridges or bridge piers to
be incorporated more explicitly in model arise, it should be recognized that calibration may
need to be revisited.

The number and length of simulations greatly constrained cell sizes and time steps. Smaller
cells within the Bypass would have better represented the topography, particularly features
incorporated using polylines which are smaller than the 100 feet elevation spacing (i.e., berms
and drainage ditches). Local WSE oscillations which occurred near 1D/2D domain boundaries
during high discharge periods due to differences in the 1D/2D time steps may benefit from
adjusting 2D cell-sizes and time steps. Future modeling efforts involving fewer simulations
and/or shorter durations should attempt to make this refinement.

Hydraulic structures (e.g., culverts, gates) along the drainage features within the Bypass could
be added to more accurately represent flow constrictions and impediments to drainage,
however, it should be recognized that culverts and gates for individual fields may change from
season to season.

The model was calibrated to three events specifically chosen to represent a high flow period, a
low-flow period, and a receding limb period. Data is available for other flood events such as the
2006 flood which could be used to further calibrate or validate the model. In addition, the
USGS maintains a comprehensive network of gauges recording stage and flow in the slough
system south of the Stair Step and Courtland that can be used to calibrate the flow splits within
the Cache Slough Complex.
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TECHNICAL MEMORANDUM

Date: June 6, 2014

To: Project File

From: Chris Campbell, MS, Benjamin Taber, BS, PE

Project: | 13-1027 — Yolo Bypass Salmonid Habitat Restoration and Fish Passage

Subject: | Sacramento Slough Bathymetric Survey

1 INTRODUCTION

cbec, inc., eco engineering (cbec) performed a bathymetric survey of Sacramento Slough on September
6™, 2013 to support hydrodynamic model development for the Yolo Bypass Modeling Project. The
objective of the survey was to define the geometry of the slough channel bed such that the slough could
be represented in 1D as a series of cross sections or transects. The surveyed reach extends from the
confluence with the Sacramento River upstream approximately 8.5 miles. Transects were taken at select
locations with a spacing of approximately 2,000 feet on the lower reach (from the confluence to the RD
1500 pumps) and a spacing of approximately 4,000 feet on the upper reach (upstream of the RD 1500
pumps). Transects were field fitted to select areas with minimal riparian vegetation on the banks with
the assumption that the Central Valley Floodplain Evaluation and Delineation (CVFED) LiDAR data would
be used to represent the overbank areas at each transect. Transects on the upper section were chosen
to capture the constrictions in channel geometry where the existing earthen spur dikes protrude into
the channel, and also because dense aquatic vegetation was present between the spur dikes, which
preclude bathymetric data collection. Additional cross sections were recorded on the upstream and
downstream sides of the two bridges within the study reach, as well as additional survey data to
characterize the bridge geometry. See Figure 1 for a map of Sacramento Slough showing the extents of
the surveyed reach and transect locations.

2 METHODS
2.1 BATHYMETRY

The bathymetric survey was performed utilizing an Ohmex Sonarmite echosounder integrated with a
Trimble R8 Global Navigation Satellite System (GNSS) receiver mounted to a boat. The echosounder
produces sound pulses that measure the distance from the transducer to the bottom of the water body
being surveyed. Real Time Kinematic (RTK) Global Positioning System (GPS) was used in conjunction with
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California Survey and Drafting Supply (CSDS) VSN mobile base network to provide positional corrections
to the Trimble receiver. Both position and depth were recorded on a mobile data collector in real time
while performing the survey. Equipment data sheets are provided in Appendix A.

2.2 CONTROL AND DATUMS

Prior to surveying, the cbec field crew occupied two benchmarks reported in the CVFED LiDAR survey
control documentation (see Table 1) to correct for horizontal and vertical variations in the observations.
These variations are caused by atmospheric conditions as well as specific satellite geometry at the time
of data acquisition.

Table 1. CVFED benchmarks (this survey)

Reported Observed

Reported Reported Observed Observed

Benchmark .1 .1 Elevation . 1 1 Elevation
Northing Easting (ft,NAVDSS)? Northing Easting (ft,NAVDSS)?
NGS
(AI5071) 2067336.22 | 6632368.27 25.09 2067336.26 | 6632368.19 25.12

WR168 2034616.71 | 6649412.49 42.74 2034594.71 | 6648606.76 42.71
[1] California State Planes, Zone 2, NAD 83, US Survey feet
[2] North American Vertical Datum 1988 (NAVDS88), Geoid 2009

2.3 QUALITY ASSURANCE / QUALITY CONTROL

Quality assurance and quality control is a priority task when performing bathymetric surveys. A standard
bar check was performed prior to collecting data to calibrate the sonar for local site conditions as they
relate to sound velocity. As transects were being recorded, recorded depths and positions were
reviewed for irregularities and the potential effects of submerged aquatic vegetation. Once in the office,
post processing involved calibrating the positional data to the local CVFED benchmarks and visually
inspecting the data for erroneous readings.

3 RESULTS SUMMARY

Quality control results showed an acceptable range when tying into control less than or equal to the
accuracy of the instrumentation (i.e., H: 0.10 ft and V: 0.15 ft). The sounding data also passed an in-
house quality control standard of less than 5% bad or missing depths. All suspected vegetation returns
were manually filtered from the data set prior to exporting and the corrected points are provided in the
attached file. Twenty cross sections and two bridges were recorded in total. The surveyed transects
provide sufficient channel geometry to characterize 1D flows in Sacramento Slough for the purpose of
the Yolo Bypass Fish Passage Project.

Attachment: 13-1027_SacS|_090613_88_g09_QCcadeport.csv
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TECHNICAL MEMORANDUM

Date: June 6, 2014

To: Project File

From: Chris Campbell, MS, Benjamin Taber, BS, PE

Project: | 13-1027 — Yolo Bypass Salmonid Habitat Restoration and Fish Passage

Subject: | Willow Slough Bathymetric Survey

1 INTRODUCTION

cbec, inc., eco engineering (cbec) performed a bathymetric survey of Willow Slough on October 8" 2013
to support hydrodynamic model development for the Yolo Bypass Modeling Project. The objective of the
survey was to define the geometry of the slough channel bed such that the slough could be represented
in 1D as a series of cross sections or transects. The surveyed reach extends from the confluence with the
Tule Canal upstream approximately 3.75 miles where transects were taken at select locations with a
spacing of approximately 2,000 feet. Surveyed cross sections were field fitted to select areas with
minimal riparian vegetation on the banks with the assumption that the Central Valley Floodplain
Evaluation and Delineation (CVFED) LiDAR data would be used to represent the overbank areas at each
transect. Additional cross sections were recorded on the upstream and downstream sides of the two
bridges within the study reach, as well as additional survey data to characterize the bridge geometry.
See Figure 1 for a map of Willow Slough showing the extents of the surveyed reach and transect
locations.

2 METHODS
2.1 BATHYMETRY

The bathymetric survey was performed utilizing Real Time Kinematic (RTK) Global Positioning System
(GPS) terrestrial wading, as well as employing an inflatable kayak with a longer stadia rod for areas with
greater depths. RTK GPS was used in conjunction with California Survey and Drafting Supply (CSDS) VSN
mobile base network to provide positional corrections to the Trimble receiver. Equipment data sheets
are provided in Appendix A.
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2.2 CONTROL AND DATUMS

Prior to surveying, the cbec field crew occupied one benchmark reported in the CVFED LiDAR survey
control documentation (see Table 1) to correct for horizontal and vertical variations in the observations.
These variations are caused by atmospheric conditions as well as specific satellite geometry at the time
of data acquisition.

Table 1. CVFED benchmarks (this survey)

R t
Reported Reported epor. L Observed Observed Obser\.led
Benchmark Northing* Easting® Elevation Northing* Easting® Elevation
& & | (f;,NAVD88) 8 & | (f;,NAVD88)*
WR145 1967746.71 | 6664280.36 24.777 1967746.896 | 6664280.142 24.491

[1] California State Planes, Zone 2, NAD 83, US Survey feet
[2] North American Vertical Datum 1988 (NAVDS88), Geoid 2009

2.3 QUALITY ASSURANCE / QUALITY CONTROL

Quality assurance and quality control is a priority task when performing bathymetric and topographic
surveys. Field software is programmed to only store points within the accuracy of the instrumentation
(i.e., H: 0.10 ft and V: 0.15 ft). Upon completion of the survey, cbec staff provided an in house visual
inspection of the field data in order to identify potentially erroneous data by plotting cross sections in
processing software. All observed data was calibrated in order to match the local CVFED benchmark.

3 RESULTS SUMMARY
Sufficient data to characterize nineteen cross sections and two bridges/crossings were recorded in total.
The surveyed transects provide sufficient channel geometry to characterize 1D flows in Willow Slough

for the purpose of the Yolo Bypass Salmonid Habitat Restoration and Fish Passage.

Attachment: 13-1027_WillowSI|_100813_88 g09.csv
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SUPPLEIENT TO STANDARD
OPERATION AND IATINTENANCE MANUAL
SACRAMENTO RIVER FLCOD CONTROL PROJECT

UNIT NO, 158
SACRAMENTO WEIR
SACHAJENTO RIVER, CALTIFORNTA

SECTION T - INTRODUCTION

1-01, Location. - The imorovement covered by this marmal is that
part of the Sacramento River Flood Control Project which comprises the
Sacramento ileir together with its adjoining channel, levees at the abut-
rents, railroad bridge, highway brldce and apourtenances, as shown on
the location map, Exfib't A=l and drawings of Exhibit B. The weir is
located in Yolo County, Californie along the right bank of the Sacra-
mento River near Bryte, California and about 3,1 miles northwesterly
from the City of Sacramento,

1-02, Project Works., = The Sacramento Weir is a reinforced concrete
weir with wooden needles that provide a movable crest, There are 48
weir sections each 38 feet long. A highway bridge 20 feet wide and a
single track railroad traverses the length of the weir, Concrete abut-
rents at each end tie into the west levee of the Sacramento River and the
north and south levees of the Sacramento Bypass, For more complete
details of these structures see drawings of Exhibit B,

1-03, Protection Provided. « The Sacrarento Weir is designed to
protect the City of Sacramento and adjacent area from flood damage
by providing means for release of excess over-flow waters of the
Sacramento and American Rivers into the Yolo Bypass system, The proj-
ect design capacity of the Sacramento YWeir is 112,000 cubic feet per
second.

1-04, Construction Data and Contractor. - The Sacramento Weir was
constructed by Teichert & Anbrose under contract which was awarded by
the City of Sacramento in June 1916, Subsequently the City was reim-
bursed for the costs of construction by the Sacramento District, |

1-05, Flood Flows., - For purpose of this manual, the term "flood!
or '"high water period" shall refer to flows when the water surface in
the Sacramento River reaches or exceeds the reading of 25,0 on the
continuous water stage recorder and staff gage of the U, S. Weather
Bureau and State Division of Water Resources located on the left bank
of the Sacramento.River at the foot of "I" Strset, City of Sacramento,
Zero of staff gsge and recorders is set at elevation®,10 U, S, Corps
of Engineers datum and 0,03 foot U.3.G,S., datum. The term "flood" or .
"high water period" may also apply when the water surface in the
Sacramento River reaches or exceeds the reading of 29,0 on the continuous
water stage recorder and staff gage of the U, S, Corns of Englneers and



the State Division of liater Resources located on a pile dolphin on the
right bank of the Sacramento River 100 feet downstream from the
Sacramento Weir, Zero of this gage is set at 0,00 feet U, 5, Corps of
Engineers datum and minus 3,07 feet U,S,G.S, datum.

1-06, Assurances Provided by Local Interests, =~ Assurances of
cooperation by local interests is provided by State legislation as
contained in Chapter 3, Part 2, Division 5 of the State Water Code
(see paragraph 2-02a of the Standard Manual).

1-07. Acceptance by State Reclamation Board, - Responsibility
for operating and maintaining the completed works was officially
accepted by the Reclamation Board of the State of California on 18
December 1951, as shown on the attached letter of acceptance, Exhibit F,

1-08, Superintendent. - The name and address of the Superintendent
appointed by the State or acting as a representative of the State
Division of Water Resources for the continuous insnection, overation
" and maintenance of the Project works shall be furnished the District
Engineer, and in case of any change of Superintendent, The District
Engineer shall be so notified,




4N

SECTION IT
FEATURES OF THZ PROJECT SUBJ:GT TO FIOOD CONTROL REGULATIONS

2-01, Drainage zrd Weir Structure,

a, Descripiicn. The Sacramento Weir is a reinforced
fixed concrete siructize located along the »ight bank of the Sacramento
River about 3.1 miles northwesterly from the City of Sacramente. A -
concrete sheet pile cut-off wall extends the full length of the weir,

a distance of 1,980 feet. The weir crest elevetion is 24.75 feet,
Hinged 3" x 12" wooden needles backed by a 20" x 28" wooden needle
beam make it possible to raise the crest to elevation 31,0, Afloat~
release—wechanism-capable~of~dropping -the-needie-gates -to-elevation
2§rG—eep—be-adﬁhsiea_La_releasemwhenﬂbhe-water"ievelvreaches*any‘ '
elevation-from 3170 to 38.;0, Concrete piers on 41.25 foot centers
carry highway and reilroad bridges across the weir, Concrete abut-
ments at each end of' the weir tie into the levees on the west side
of the Sacramento River at this location. The abutments also tie into
the north and south levees of the Sacramento Byrass. The leveed bywvass
has an average channel widtn of 1,800 feet and extends southwesterly
from the weir to the Yolo Bypass, For more complete details of these
structures see drawings of Exhibit B,

b. For pertinent Requirements of the Code of Federal
Regulations and other requirements see the following:

(1) Maintenance - Paragraph 5-02 of the Standard Manual,
1 (2) Check Lists - Exhibit E of this Supplement Manual,
| (3) Operation - Paragraph 5-04 of the Standard Manual,

(4) Additional Requirements - Paragraph 5-05 of the
Standard Manual.

(5) Safety Requirements - Paragraph 5-C6 of the
Standard Manual,

c. Special requirements pertaining to the Sacrarento Weir:
(1) A1l missing parts of the hinged needles shall be
replaced imrediately following each flood period and that another in-

spection is made prior to the next flood season to be certain that all
missing posts have teen replaced,

(2) On the tripping devices the Superintendent shall
make certain that:

(2) No parts are missing,

\ad



(b) Metal parts are adequatly covered with paint.

(¢) All movable parts are in satisfactory working
order s

(d) A1l padlocks are not corroded and can be opened
with a proper key.

(e) Sufficient replacement materials are on hand
and will be readily available in times of emergency.

(3) © A sufficient stockpile of needle beams, hinged
needles, and cable is available for replacement in times of emergency,
The extra beam used for raising needles is readily available and in
good operating condition at all times. Make certain that arrangements
have been made to employ a mobile crane capable of hendling the needle
beams if and when needed.

(4) There are no encreachments upon the right-of-way
which might endanger the structure or hinder its functioning in time
of flood. :

J
7/
ks

(5) A schedule of operation for the movable top of the
Sacramento Weir is contained in Exhibit H of this mamual,

2-02, Channel.

a. Description., For purpose of this manual the channel
will be considered as that portion which extends from the .Sacramento
River to a point 200 feet downstream from the lower face of the weir
structure, Beyond this point the channel maintenance is covered by
other manuals, '

b. For pertinent Requirements of the Code of Federal
Regulations and other requirements see the following:

(1) Maintenance - Paragraph 6-02 of the Standard
Manual,

(2) Check Lists - Exhibit E of this Supplement Manual,
(3) Operation - Paragraph 6-0/ of the Standard Manual,

(4) Safety Requirements - Paragraph 6-05 of the
Standard Manual.

It shall be the duty of the Superintendent to maintain a patrol
of the project works during 21l pericds of flood flow in excess of a-
reading of 25,0 on the gage located at the foot of"I" Street or 29.0
on a gage located 100 feet downstream from the Sacramento Weir, as
indjcated in paragraph 1-C5 of this manual, The Superintendent shall
dispatch a message by the most suitable means to the District Engineer
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