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PREFACE 
 
The following is the Annual Progress Report, Central Valley Project Improvement Act Fisheries 
Investigations. The purpose of these investigations is to provide scientific information to other 
CVPIA programs to use in assessing fisheries restoration actions.  The purpose of this report is to 
provide an update on the Anadromous Fish Restoration Program’s CVPIA-funded activities and 
accomplishments during fiscal year 2017 to interested stakeholders.   
 
The field work described herein was conducted by Mark Gard, Rick Williams, John Henderson, 
Kes Benn, Paul Cadrett, Shane Abeare, Laura Heironimus, and Stephanie Millsap. 
 
Written comments or questions can be submitted to: 
 
 Mark Gard, Senior Biologist 
 Anadromous Fish Restoration Program 
 U.S. Fish and Wildlife Service 
 Lodi Fish and Wildlife Office 
 2800 Cottage Way, Room W-2605 
 Sacramento, California  95825 
 

Mark_Gard@fws.gov 
 
Electronic versions of our previous years’ annual reports are available on our website: 
 

https://www.fws.gov/lodi/instream-flow/instream_flow_reports.htm 

https://www.fws.gov/lodi/instream-flow/instream_flow_reports.htm
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OVERVIEW 
   
In response to substantial declines in anadromous fish populations, the Central Valley Project 
Improvement Act provided for enactment of all reasonable efforts to double sustainable natural 
production of anadromous fish stocks including the four runs of Chinook salmon (fall, late-fall, 
winter, and spring), steelhead trout, white and green sturgeon, American shad and striped bass.  
In 2017, the following fisheries investigation tasks (Figure 1) were selected for study:  1) Feather 
River Sunset Pumps pre-restoration assessment; 2) Clover Creek upstream passage study;  
3) Bear Creek upstream passage study; 4) Mill Creek Ward Dam fish ladder passage assessment; 
5) Antelope Creek floodplain feasibility study; 6) Sacramento River stranding site evaluation;  
7) Sacramento River juvenile green sturgeon habitat data collection; 8) San Joaquin River white 
sturgeon spawning habitat data collection; 9) Yuba River Hammon Bar validation velocity data 
collection; 10) North Fork Cottonwood Creek water temperature model; 11) North Cow Creek 
Bella Vista Siphon data collection; and 12) Central Valley Structured Decision Model technical 
support. 
 
We performed the following fisheries investigations to assess fisheries restoration actions: 
 

1) In FY 2017, we conducted additional simulations of a hydraulic model of the Sunset 
Pumps weir on the Feather River to use in designing an interim solution to the fish 
passage problem at this location.   

2) We developed relationships between stream flows and water temperatures on Clover 
Creek.  

3) We developed a relationship between stream flows and water temperatures on Bear 
Creek.   

4) We developed a hydraulic model at the Mill Creek Ward Dam fish ladder project to 
develop a solution to upstream passage at this location. 

5) We conducted a feasibility study of potential floodplain restoration actions on Antelope 
Creek. 

6) We collected topographic and hydraulic data to use in designing solutions to juvenile 
salmonid stranding at six sites on the Sacramento River. 

7) We collected topographic and hydraulic data for portions of the Sacramento River where 
juvenile green sturgeon have been detected. 

8) We collected topographic and hydraulic data for portions of the San Joaquin River where 
white sturgeon spawning has been observed. 

9) We collected velocity data to validation a hydraulic and habitat model of the Yuba River 
Hammon Bar restoration site. 

10)  We developed a water temperature model on North Fork Cottonwood Creek. 
11)  We collected topographic data to use in designing a solution to the upstream passage 

barrier on North Cow Creek at the Bella Vista Siphon. 
12)  We reviewed the Central Valley Structured Decision Model to identify needed changes 

to the model and sources of data that could be used to improve the parameterization of 
the model, with funding from CVPIA Program Administration. 
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Figure 1 

Fiscal Year 2017 Fisheries Investigation Tasks 
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The results of these scientific investigations were provided to other CVPIA programs.  The 
following sections summarize the twelve project activities that were performed between October 
2016 and September 2017. 
 

FISHERIES INVESTIGATIONS 
 

Feather River Sunset Pumps Upstream Passage Assessment 
 

Methods 
 
The purpose of this task was to conduct additional simulations of a hydraulic model of the 
Feather River at the Sunset Pumps weir (at RM 119.4) near Live Oak, California to assess 
upstream passage of spring-run Chinook salmon and sturgeon over a range of flows.  Based on 
data from the California Department of Water Resources (CDWR), the 10-foot tall Sunset Pumps 
boulder weir (Figure 2) is a barrier to upstream passage of green sturgeon for Feather River 
flows less than 6,000 cfs.  In FY 2017, we conducted an analysis of a potential interim solution 
to the upstream passage barrier at the Sunset Pumps weir, specifically a notch near the pumps.  
The following design criteria were used:  at a river flow of 600 cfs:  1) a minimum water surface 
elevation (WSEL) at the Sunset Pumps of 53 feet; 2) a depth in the notch of greater than or equal 
to 3 feet; and 3) a notch width of 10 feet.  The first criterion would allow for operation of the 
south and north pumps, with a combined diversion capacity of 128 cfs.  The latter two criteria 
would allow for upstream passage of adult green sturgeon. 
 

 
Figure 2 

Sunset Pumps weir 
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Results 
 
Under existing conditions, a River2D hydraulic model of the site predicts a WSEL at the pumps 
of 46.388 feet at a river flow of 600 cfs, using a calibrated groundwater transmissivity value of 3.  
For this model run, River2D predicted that all of the flow would go through the weir.  In 
contrast, a River2D hydraulic model of the site predicts a WSEL at the pumps of 52.703 feet at a 
river flow of 600 cfs, using the default groundwater transmissivity value of 0.1.  For this model 
run, some of the flow goes over the weir, which has an elevation of 49.54 feet at the highest 
point on the thalweg.  A HEC-RAS hydraulic model of the Feather River predicts a WSEL at the 
pumps of 53.28 feet at 600 cfs.  An assumption of HEC-RAS is that all of the flow goes over the 
weir.  Visual observations of the weir indicate that a substantial, but unquantifiable, portion of 
the river flow passes through the weir, due to the large substrate size of the material that was 
used to construct the weir.  Since the models of existing conditions did not find a feasible 
solution at 600 cfs, we conducted simulations at higher flows to determine the minimum flow 
that would satisfy the design criteria1.  Initially we simulated conditions at 1000 cfs for a range 
of bed elevations for the notch (Table 1) to determine the highest bed elevation that would result 
in a depth of 3 feet in the notch.  A notch bed elevation of 43 feet was the highest bed elevation 
that would result in a depth of 3 feet in the notch.  With that bed elevation, a flow of 2,000 cfs 
was needed to result in a water surface elevation of 53 feet at the pumps, and almost met the 
green sturgeon passage criteria (the limiting location on the notch had a depth of 3 feet for a 
width of 9.4 feet). 
 

Table 1 
Water Surface Elevations at Sunset Pumps at 1000 cfs 

 
 

Notch Bed Elevation (feet) 
 

Water Surface Elevation (feet) 
50 52.93 
49 52.84 
46 52.55 
43 52.03 

 
Discussion 
 
The results of this study should be of great use in the permitting, design and implementation of 
this restoration project.  The water surface elevation at the pumps was relatively insensitive to 
the bed elevation of the notch due to the high roughness of the weir.  In fact, the main effect of 
the notch was to concentrate flow near the pumps, which would also have benefits for sweeping 
velocities along the fish screens.  Due to the uncertainties in the hydraulic modeling (namely 
appropriate groundwater transmissivity values at low flows), an adaptive management approach 
is recommended for implementation, with receivers installed above and below the weir to 
evaluate how effective the notch is in facilitating upstream green sturgeon passage. 
                                                 
1 These simulations used the default groundwater transmissivity value of 0.1. 
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Clover Creek Upstream Passage Assessment 
 
Methods 
 
The purpose of this task was to develop a desktop water temperature model to be used in 
assessing upstream passage timing of fall-run Chinook salmon and also downstream passage of 
juveniles (plus steelhead), as it relates to when water temperatures may limit passage in Clover 
Creek, one of the five main tributaries to Cow Creek, Shasta County.  Water temperature data for 
three locations on Clover Creek (Figure 3) were used for this model. Mean daily air temperature 
data for Redding were downloaded from the Weather Underground website 
(https://www.wunderground.com/weather/us/ca/redding).  Clover Creek is a tributary to Cow 
Creek so flows were calculated from Cow Creek flows using a regression equation.  Mean daily 
Cow Creek flows were downloaded from USGS.  Since there was no consistent spatial pattern in 
water temperatures, separate multiple regressions were conducted for each water temperature 
data location.  The multiple regressions used maximum daily water temperatures as the 
dependent variable, and mean daily air temperatures and Clover Creek flows as the independent 
variables. 

 
Figure 3 

Clover Creek water temperature monitoring locations 
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Results 
 
The results of the multiple regression equations, with temperatures in °F, were as follows: 
 
Above Project Maximum Daily Water Temp = 17.288 + 0.793 x Average Air Temp - 0.1 x Flow 
DeAtley Maximum Daily Water Temp = 22.621 + 0.739 x Average Air Temp - 0.14 x Flow 
Martin Maximum Daily Water Temp = 3.224 + 0.933 x Average Air Temp - 0.003 x Flow 
 
The constant of 3.224 in the last equation would be the predicted maximum daily water 
temperature if the average air temperature and flow were both zero.  The coefficient of 0.933 
indicates that maximum daily water temperatures increase slightly slower than average air 
temperatures.  The coefficient of – 0.003 indicates that increasing flows result in lower water 
temperatures, but that a large increase in flow is required to have an appreciable effect on water 
temperatures.  Water temperature criteria for salmonids were published by the U.S. 
Environmental Protection Agency (EPA) in 2003 for the Pacific Northwest (EPA 2003).  The 
EPA criteria indicate that under summer maximum conditions, for areas where non-core juvenile 
rearing may occur along with adult migration the 7DADM is 64°F. In areas where only adult 
migration occurs, the 7DADM is 68°F. 
 
Discussion 
 
Water temperatures at DeAtley were most sensitive to flows, reflecting the lack of shade at this 
location, compared to the other two locations.  In contrast, water temperatures at Martin were 
most sensitive to air temperatures, reflecting the downstream location of this temperature logger, 
compared to the other two locations.  The regression equations can be used to determine what 
portion of the year and at what flow water temperatures will exceed the EPA (2003) water 
temperature criteria. 
 

Bear Creek Upstream Passage Assessment 
 
Methods 
 
The purpose of this task was to develop a desktop water temperature model to be used in 
assessing upstream passage of fall-run Chinook salmon and also downstream passage of 
juveniles (plus steelhead), as it relates to when water temperatures may limit passage in Bear 
Creek, Shasta County.  Water temperature data for nine locations in the Bear Creek watershed 
(Figure 4) were examined for potential use for this model. Mean daily air temperature data for 
Redding were downloaded from the Weather Underground website 
(https://www.wunderground.com/weather/us/ca/redding).  Bear Creek flows were calculated 
from Cow Creek flows using a regression equation, while mean daily Cow Creek flows were 
downloaded from USGS. 
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Figure 4 

Bear Creek water temperature monitoring locations 
 
Results 
 
As shown in Figure 5, water temperatures showed the expected pattern of increasing with 
increasing distance downstream, with the exception of summer water temperatures at Station 9.  
As a result, a multiple regression used maximum daily water temperatures at Station 8 as the 
dependent variable, and maximum daily water temperatures at Station 4, mean daily air 
temperatures and Bear Creek flows as the independent variables. The multiple regression 
equation is given below: 
 
Temp8 = -7.654 + Temp4 x 1.15 + Mean Daily Air Temp x 0.102 - Bear Flow x 0.006 
 
The constant of -7.654 would be the predicted maximum daily water temperature at Station 8 if 
the water temperature at Station 4, mean daily air temperature and flow were zero.  The 
coefficient of 1.15 indicates that maximum daily water temperatures at Station 8 increase slightly 
faster than maximum daily water temperatures at Station 4.  The coefficient of 0.102 indicates  
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Figure 5 

Bear Creek daily maximum water temperatures (degree F) 
 
that maximum water temperatures at Station 8 increase much slower than average air 
temperatures.  The coefficient of – 0.006 indicates that increasing flows result in lower water 
temperatures, but that a large increase in flow is required to have an appreciable effect on water 
temperatures.  Water temperature criteria for salmonids were published by the U.S. 
Environmental Protection Agency (EPA) in 2003 for the Pacific Northwest (EPA 2003).  The 
EPA criteria indicate that under summer maximum conditions, for areas where non-core juvenile 
rearing may occur along with adult migration the 7DADM is 64°F. In areas where only adult 
migration occurs, the 7DADM is 68°F. 
 
Discussion 

 
Water temperatures at Station 9 in the summer were moderated by the effects of Sacramento 
River flows; the same phenomenon was found on Deer and Mill Creeks.  Water temperatures at 
Station 8 are largely driven by upstream water temperatures and air temperatures, with flow 
having a minor effect.  We were unable to use water temperature data from the north and south 
forks of Bear Creek (Stations 1-3) because there wasn’t any data available on the relative 
proportion of Bear Creek flows from the two forks.  The regression equation can be used to 
determine what portion of the year and at what flow water temperatures will exceed the EPA 
(2003) water temperature criteria. 
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 Mill Creek Ward Dam Fish Ladder Passage Assessment 
 

Methods 
 
The goal of this task was to develop a solution to the upstream passage impediment caused by 
the deposition of a large cobble bar2 upstream of the new 2015 Ward Dam fish ladder.  On July 
11-12, 2017, we collected 6,836 topography data points upstream of Ward Dam using two 
survey-grade RTK GPS units for the dry and shallow portions of the site and a total station and 
stadia rod for the deeper portion of the site (Figure 6).  The downstream end of the survey was 
the lip of Ward Dam and the fish ladder exit.  The survey included, going from downstream to 
upstream, a glide, pool, high gradient riffle and another glide.  The upstream end of the survey, 
750 feet upstream of Ward Dam, coincided with the entrance of a high flow side channel on the 
north bank.  Data collection on the north floodplain was limited by trees interfering with 
operation of GPS units. 
 

 
Figure 6 

Ward Dam topographic survey 
 
A comma delimited file of topography data was produced to input into the Surface-water 
Modeling System (SMS, ver. 12.2.6 64 bit) software.  A computational mesh was developed in 
SMS by first defining polygons based on aerial photography.  Five material types were defined 

                                                 
2 The cobble bar seems to have been formed during a five-year flow event in March 2016, and 
reformed during an additional five-year flow event in February 2017. 
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for the polygons:  1) left overbank; 2) right overbank; 3) glide; 4) pool and 5) high gradient 
riffle.  Manning’s n values for the first three polygons were taken from a HEC-RAS model 
which overlapped with the downstream portion (lower quarter) of the study site, while 
Manning’s n values for the last two polygons were based on visual observation of substrate size 
during data collection (Table 2).  Paving meshes with 3 feet by 3 feet square mesh elements were 
used for the in-channel polygons, while 10 feet by 10 feet square paving meshes were used for 
the overbank polygons.  The scatter dataset was interpolated to the computational mesh using the 
inverse distance weighted interpolation option in SMS. The resulting computational mesh was 
used as an input to SRH-2D Version 3.2.0 (USBR, Denver, CO), with a downstream boundary 
condition from the HEC-RAS model.  The fixed-bed version of SRH-2D was run at the five-year 
flow of 9,180 cfs. 
 

Table 2 
Manning’s n Values for Ward Dam SRH-2D model 

 

Polygon Roughness Element Manning’s n 

Left Overbank Vegetation 0.05 

Right Overbank Vegetation 0.05 

Glide Small Cobble 0.035 

Pool Sand 0.03 

High Gradient Riffle Large Cobble 0.05 

 
The initial run of SRH-2D indicated that inundation of the north floodplain at 9,180 cfs extended 
beyond the limits of the topography data we had collected.  LIDAR data was not available for 
this area.  As a result, we used USGS digital elevation model data to extend the model domain 
farther north.  The fixed-bed model calibration was assessed by comparing the water surface 
elevation predicted at the most upstream HEC-RAS transect with output from the HEC-RAS 
model. 
 
Parameters for the mobile bed version of SRH-2D were based on pebble count data in NHC 
(2016).  The Wilcock equation was used for sediment capacity.  Since sediment supply data is 
not available for Mill Creek, we used the sediment capacity option for the upstream sediment 
input boundary condition, where the amount of sediment coming in at the upstream boundary is 
set equal to the capacity of the channel at that location to carry sediment.  The output of the fixed 
bed version of SRH-2D was used as the initial condition for the mobile bed model.  The initial 
bed topography was compared to the bed topography predicted by the mobile bed model to make 
a qualitative assessment of whether the mobile bed model replicated the observed cobble bar 
formation. 
 
Additional information about the gravel bar deposition is given in NHC (2016). 
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Results 
 
The initial calibration of the fixed-bed SRH-2D model at 9,180 cfs was unsuccessful, with 
simulated WSELs of less than 297.79 feet at the most upstream HEC-RAS transect, versus a 
WSEL of 298.99 feet from HEC-RAS.  We concluded that this mismatch of almost a foot was 
due to the inundated area extending beyond the end of the HEC-RAS transect, which resulted in 
HEC-RAS overestimating the WSEL at 9,180 cfs.  As a result, we then calibrated the fixed-bed 
SRH-2D model at the two year flow of 5,008 cfs3; at this flow, the inundated area should not 
have extended beyond the end of the HEC-RAS transect.  At 5,008 cfs, the fixed-bed SRH-2D 
model predicted a WSEL of less than 296.50 feet at the most upstream HEC-RAS transect, 
versus a WSEL of 296.91 feet from HEC-RAS.  We attribute this mismatch to the upstream 
boundary condition of the SRH-2D model, where flow was distributed across a much larger area 
than would be expected.  As a result, we modified the upstream boundary to only include the 
area that we would expect to be inundated, based on the WSEL predicted in the main channel.  
The modification of the upstream boundary did not have any effect on the WSEL predicted by 
SRH-2D at the most upstream HEC-RAS transect, and the SRH-2D model still predicted a large 
inundated area on the north floodplain. 
 
As shown in Figure 7, the mobile bed SRH-2D model of existing conditions qualitatively 
reproduced the deposition of material at the fish ladder exit, predicting 1.68 vertical feet of 
deposition at this location, indicating that the sediment capacity option is acceptable to use for 
the upstream sediment input boundary condition. 
 
Discussion 
 
Despite SRH2D underpredicting WSELs at the most upstream HEC-RAS transect, the model 
should be sufficiently accurate for evaluating the efficacy of bedload deflectors, since the major 
concern is deposition close to the downstream boundary of the SRH2D model.  The next step for 
this project, to be conducted by Bureau of Reclamation staff in FY-18, is to add simulated bed 
deflectors (barbs) to the SRH2D model to determine if they will be successful in preventing the 
reformation of the cobble bar at the Ward Dam fish ladder exit. 
 
 

                                                 
3 This flow was calculated from maximum annual flows at gage 11381500 for the period  
1929-2016 downloaded from the USGS website https://nwis.waterdata.usgs.gov/ca/nwis/peak.  
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Figure 7 

Predicted channel change under existing conditions.  Light colors indicate erosion and dark 
colors indicate deposition.  Orientation is the same as in Figure 6.  Flow is from right to left.  The 

Ward Dam fish ladder is located at the lower left. 
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Antelope Creek Floodplain Feasibility Study 
 

Methods 
 
The goal of this task was to develop a HEC-RAS model to assess the current extent of floodplain 
inundation in the Antelope Creek watershed and to develop alternatives to improve aquatic and 
terrestrial habitat while developing feasible solutions to the flooding problem on Antelope Creek 
that are sensitive to the needs and values of the local landowners.  HEC-RAS models are 
typically developed using a combination of in-channel cross-sections and Light Detection and 
Ranging (LIDAR) data.  The resulting HEC-RAS model is then used with LIDAR data to 
generate floodplain inundation.  The first step in this task was to determine what existing sources 
of data were available.  Inquiries with CDWR, CALTRANS and FEMA indicated that there were 
no existing HEC-RAS models for Antelope Creek.  We obtained LIDAR data from CDWR, but 
this data was limited to the portion of the watershed downstream of Cone Grove Road.  USGS 
Digital Elevation Model (DEM) data was used for a preliminary representation of the topography 
upstream of Cone Grove Road4.  The geographic extent of the Antelope Creek HEC-RAS model 
will be from the Sacramento River to upstream of all distributaries (Figure 8).  Antelope Creek 
has four distributaries:  Butler Slough, Craig Creek, Mill Race Creek and New Creek (Stillwater 
Sciences et al. 2011).  In turn, Mill Race and New Creeks are tributaries of Salt Creek.  Antelope 
Creek, Butler Slough, Craig Creek and Salt Creek flow directly into the Sacramento River.  Little 
Antelope Creek will be treated in the HEC-RAS model as an additional flow source to Antelope 
Creek.  The number of river miles for each stream in the HEC-RAS model are shown in Table 3. 
 
Our investigations indicated that there were limited sources of in-channel cross-sections for the 
Antelope Creek watershed, specifically: 1) as-built surveys for bridge crossings; 2) topography 
data that we collected in 2012 at the Antelope Creek/Craig Creek junction; and 3) cross-section 
data currently being collected by Stillwater Sciences for a critical riffle study of Antelope and 
Craig Creeks.  We obtained as-built surveys from CALTRANS and the Tehama County 
Department of Public Works.  For the Stillwater Science data to be usable for a HEC-RAS 
model, we needed to shoot in their controls with our RTK-GPS equipment.  We can use the 
LIDAR data as a data source for the Mill Race Creek in-channel cross-sections, since Mill Race 
Creek was entirely dry at the time that the LIDAR data was collected.  We sent out letters to all 
of the landowners on Antelope, Craig, New and Salt Creeks and Butler Slough requesting 
permission for access to collect in-channel cross-sections.  Bed elevation profiles were measured 
for each cross-section using standard surveying techniques (differential leveling), and a tape to 
record stations.  We used our RTK GPS unit to establish vertical control for each transect, as 
well as to record the horizontal locations of the ends of the cross-sections.  Additional data that 
were recorded for each cross-section were the main channel left bank and right bank stations and 
the Manning’s n values for the left overbank, main channel and right overbank. 
 

                                                 
4 USGS DEM data has limited utility for floodplain delineation because the vertical accuracy is 5 
ft and the horizontal resolution is 25 ft.  In contrast, LIDAR data typically has a vertical accuracy 
of 0.5 ft and a horizontal resolution of 3 ft. 
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Figure 8 

Geographic Extent of Antelope Creek HEC-RAS Model 
Table 3 

Length of Streams to be Modeled for Antelope Creek HEC-RAS model 
 

 
Stream 

 
Stream Length (Miles) 

Antelope Creek 10 
Butler Slough 5.4 
Craig Creek 2 
Mill Race Creek 4.3 
New Creek 3.2 
Salt Creek 2 
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Results 
 
As of the end of FY-17, we have received permission for access from 88 of 172 parcels, and 
have permission to access the stream channel for another 28 parcels.  A total of 16 landowners 
have denied us access, and we were unable to contact or get a response for another 25 parcels.  In 
FY-17, we collected data for a total of 70 cross-sections for parcels where we had permission at 
the time of data collection.  In combination with the other data sources, we now have in-channel 
data for a total of 12.5 miles, with 11.3 miles remaining for data collection in FY-18 for portions 
of the streams where we have approval for access. 
 
Discussion 
 
FEMA requires a minimum of 500 feet spacing between cross-sections for HEC-RAS models.  
As a result, we would need to collect data for another 120 cross-sections to be able to complete a 
HEC-RAS model for the Antelope Creek watershed.  Based on our sampling in FY-16 and FY-
17, this would require an additional five weeks of fieldwork to complete.  For landowners where 
we were unable to get access, the only option we will have is to interpolate cross-sections 
between the areas we have been able to survey. As a result, the accuracy of the model will be 
diminished in those areas.  LIDAR data may be collected in FY-18 for the portion of the 
watershed upstream of Cone Grove Road through the USGS 3DEP program, but would likely 
require $1,000 of CVPIA seed funding.   
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Sacramento River Stranding Site Evaluation 
 

Methods 
 
The goal of this task was to develop solutions to juvenile salmonid stranding at six sites on the 
Sacramento River.  The following data were collected at the six stranding sites (three bedrock-
confined and three not):  Three to five sets of water surface elevations, stage of zero flow value, 
stranding site connection point bed elevation, and topographic data for stranding sites.  Water 
surface elevations and stranding site connection point bed elevation were measured with an 
autolevel and stadia rod.  The stage of zero flow value was determined from Acoustic Doppler 
Current Profiler (ADCP) data, together with the water surface elevation at the time the ADCP 
data was collected.  Topographic data were collected using survey-grade RTK GPS units, and 
covered both the stranding area and the existing connection channels to the Sacramento River.   
 
This data was used to: 1) determine at what flow each site currently strands; 2) develop a 
reconnaissance-level design for solutions to the stranding problems; and 3) estimate the cost to 
solve the stranding problems.  For all six sites, the design consisted of a three foot wide channel, 
with a bed elevation that would result in a depth of 0.5 feet at 3,250 cfs, and with 3:1 side slopes. 
An alignment was selected for the channel that would minimize the volume of material that 
would need to be excavated.  This alignment generally followed the natural connection channel. 
 
Results 
 
The stranding flow and estimated volume of material that would need to be excavated for each 
site is given in Table 4.  Sites B1 to B3 were the bedrock-confined sites.  For Sites C1 and C2, 
located upstream of Anderson Cottonwood Irrigation District (ACID) Dam, the stranding flow 
and excavation volume was based on conditions with the boards out at ACID Dam. 
 

Table 4 
Stranding site characteristics 

 

Site Name River Mile Stranding Flow (cfs) Excavation volume (ft3) 
B1 255 4,355 1,269 
B2 258 6,600 4,135 
B3 259.5 26,220 94,601 
C1 300.5 3,790 20 
C2 299.9 9,900 5,234 
C3 280.1 7,470 27,617 
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Discussion 
 
Stranding site C1 would be the most cost effective site to solve the stranding problem because it 
has the least excavation volume, while stranding site B3 would be the most expensive site to 
address.  The above cost effectiveness estimates only consider excavation volume – other 
factors, such as ease of access, could have a significant effect on the cost of implementing a 
solution to the stranding problem.  Permission for access to the sites is unknown at this time, and 
would be a consideration in the ability to implement solutions to the stranding problems.  It 
might be possible to use hand tools to address site C1, while the other sites would likely require 
the use of heavy equipment.  Additional investigations would be needed for the bedrock sites to 
determine if heavy equipment would be able to be used to construct the channel, or if explosives 
would be required.  Collecting additional water surface elevations at flows closer to 3,250 cfs 
would help refine the volume estimates.   

 
Sacramento River Juvenile Green Sturgeon Habitat Mapping 

 
Methods 
 
The goal of this task is to support the AFRP funded Juvenile Green Sturgeon Overwintering 
Migration project by providing in-river physical rearing habitat data prior to juvenile migration 
to the Delta.  These data will be used to conduct habitat suitability analyses for the in-river 
portion of the juvenile life-history phase, of which little information is known.  Future efforts 
may focus on quantifying available suitable juvenile rearing habitat for green sturgeon within 
and/or outside the Sacramento River.  We mapped the topography, depths and velocities at three 
additional sites (Rkm 349, 380 and 400) where the Red Bluff Fish and Wildlife Office has 
captured juvenile green sturgeon.  These parameters were mapped using a combination of an 
Acoustic Doppler Current Profiler (ADCP) and a survey-grade RTK GPS unit.  For each traverse 
with the ADCP, the RTK GPS was used to record the horizontal location and WSEL at the 
starting and ending location of each traverse, while the ADCP provided depths, velocities and 
distances across the traverse.  The WSEL of each ADCP traverse is then used together with the 
depths from the ADCP to determine the bed elevation of each point along the traverse.  The sites 
were sampled once on September 18-20, 2017 at flows of 10,068-10,119 cfs.   
 
Results 
 
The bed topography of the study sites are shown in Figures 9 to 11, while the depths and 
velocities at the study sites are shown in Figures 12 to 17. 
 
Discussion 
 
The next step in this analysis would be to determine the depths and velocities within the 
subsection of the sites that were actually sampled for juvenile green sturgeon.  This subset of 
depths and velocities would then provide a starting point to quantify microhabitat use 
requirements for juvenile green sturgeon. 
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Figure 9 

Rkm 349 Bed Topographic Map.  Flow is from top to bottom. 
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Figure 10 

Rkm 380 Bed Topographic Map.  Flow is from top to bottom. 
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Figure 11 

Rkm 400 Bed Topographic Map.  Flow is from top to bottom. 
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Figure 12 

Rkm 349 Depths  
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Figure 13 

Rkm 380 Depths 
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Figure 14 

Rkm 400 Depths 
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Figure 15 

Rkm 349 Velocities 
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Figure 16 

Rkm 380 Velocities 
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Figure 17 

Rkm 400 Velocities  
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San Joaquin River White Sturgeon Spawning Habitat Mapping 
 

Methods 
 
The goal of this task is to support the AFRP funded San Joaquin River White Sturgeon Spawning 
project by providing in-river physical spawning habitat data.  These data will be used to conduct 
habitat suitability analyses for the spawning life-history phase.  We mapped the topography, 
depths and velocities at 2 sites (Rkm 142.5 and 140.4) where the Lodi Fish and Wildlife Office 
has captured white sturgeon eggs.  These parameters were mapped using the same methods 
described above for the Sacramento River green sturgeon rearing task.  The Rkm 142.5 site was 
sampled once on March 20, 2017 at a flow of 12,588 cfs.  The Rkm 140.4 site was sampled once 
on March 24, 2017 at a flow of 12,679 cfs.     
 
Results 
 
The bed topography of the study sites are shown in Figures 18 to 19, while the depths and 
velocities at the study site are shown in Figures 20 to 23. 
 
Discussion 
 
The next step in this analysis would be to determine the depths and velocities within the 
subsection of the sites that were actually sampled for white sturgeon spawning.  This subset of 
depths and velocities would then provide a starting point to quantify microhabitat use 
requirements for white sturgeon spawning in the San Joaquin River. 
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Figure 18 

Rkm 142.5 Bed Topography 
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Figure 19 

Rkm 140.4 Bed Topography 
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Figure 20 

Rkm 142.5 Depths  
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Figure 21 

Rkm 142.5 Velocities 
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Figure 22 

Rkm 140.4 Depths  
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Figure 23 

Rkm 140.4 Velocities 
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Hammon Bar Velocity Validation 
 

Methods 
 
The purpose of this task was to validate the velocities predicted by a habitat model of the 
Hammon Bar riparian restoration site.  Mean column velocities were to be measured at two flows 
that inundate the Hammon Bar plantings with a wading rod and a Marsh-McBirneyR model 2000 
velocity meter.  Depth was recorded to the nearest 0.1 foot and average water column velocity 
was recorded to the nearest 0.01 ft/s.  The horizontal location of each velocity measurement was 
recorded with a survey-grade RTK GPS unit.  Measurements were made downstream of both 
pod and stinger plantings, with at least 100 measurements made for each type of planting at each 
of the two flows.  The River2D model of the post second year plantings, created in FY-14, would 
be run at the two flows, and the measured velocities were compared to the velocities simulated 
by River2D at the horizontal locations recorded with the survey-grade RTK GPS unit. 
 
Results 
 
Validation velocity data were collected on January 23, 2017, at a flow of 10,402 cfs.  At this 
flow, the lower elevation plantings were inundated.  We collected a total of 106 measurements.  
As shown in Figure 24, there was a low correlation (R = 0.17) between measured and simulated 
velocities. 
 

 
Figure 24 

Hammon Bar Validation Velocities 
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Discussion 
 
We assume that the low correlation between measured and simulated velocities reflects channel 
changes to the study site as a result of high flows between when the topography data was 
collected to develop the habitat model and when the validation velocities were collected.  We 
had originally planned to collect validation velocity data in FY-18 for the higher elevation 
plantings; this will require Yuba River flows around 20,000 cfs.  However, the significant 
channel changes to the study site makes that data of little use. 
 

North Fork Cottonwood Creek Flows Investigation 
 

Methods 
 
The purpose of this task was to develop a Stream Network Temperature Model (SNTEMP) water 
temperature model for North Fork Cottonwood Creek (Figure 25) to use in identifying 
opportunities for restoration or negotiations on flow management in North Fork Cottonwood 
Creek to improve summer water temperatures for spring-run Chinook salmon adult holding.  
Shade and mesohabitat mapping data for the water temperature model were collected for 
portions of North Fork Cottonwood Creek where we were able get landowner permission for 
access.  Pressure transducers were installed at the upstream and downstream end of the area to be 
modeled to collect flow data for the water temperature model.  Three to five flows were 
measured at each pressure transducer to develop the rating curves for these gauges.  Temperature 
loggers were placed at the upstream end of the area to be modeled (as an input to the water 
temperature model), and at the downstream end of the area to be modeled (to calibrate the water 
temperature model).  Representative transects (one each in a pool, riffle, run and glide) were 
selected, and bed cross-sections and three sets of water surface elevations were measured to 
develop physical geometry data to use as inputs to the water temperature model.  Weather data 
were downloaded from the internet as the final set of information needed for the water 
temperature model.  In addition, a weather station was installed adjacent to North Fork 
Cottonwood Creek to correct internet weather data for local conditions. 
 
Results 
 
Data collection was completed in early FY-18.  The water temperature model will be developed 
in FY-18, with results presented in our FY-18 annual report. 
 
Discussion 

 
Access and high flows in FY-17 will complicate development of the water temperature model.  
We were unable to get access to the portion of North Fork Cottonwood Creek upstream of Sunny 
Hill Road (approximately one mile downstream of the diversion shown in Figure 25).  As a 
result, we will be using Crane water temperature monitoring data for the upstream boundary 
condition of the model.  High flows resulted in an incomplete dataset and loss of some 
temperature loggers; however, we have sufficient data to still develop the model.
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Figure 25 

North Fork Cottonwood Creek Flows Investigations Map 
 

Bella Vista Siphon Data Collection 
 

Methods 
 
The purpose of this task was to collect topographic data at the Bella Vista Siphon or Woodman 
Diversion Dam on Little Cow Creek to develop a reconnaissance-level design to solve the 
upstream passage barrier at this location.  Data were collected for most of the site using RTK 
GPS units.  Topographic data underneath a bridge immediately upstream of the siphon was 
collected using a total station and stadia rod.  A permanent control, consisting of a fencepost 
driven in with only 16 inches exposed above the substrate, was installed.  
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Results 
 
Topographic data was collected on May 2 and 3 and September 21, 2017.  A total of 2,903 data 
points were collected, extending from 345 feet upstream to 490 feet downstream of the siphon.  
The data were transmitted to Joey Howard of Cascade Stream Solutions for his use in developing 
a design to solve the upstream passage barrier at this location. 
 
Discussion 
 
The data from this effort should serve as a good baseline topographic survey for developing a 
design to solve the upstream passage barrier at this location. 
 

Central Valley Structured Decision Model Evaluation 
 

Methods 
 
The purpose of this task was to develop new sources of data to improve the parameterization of 
the Central Valley Structured Decision Model (Peterson et al. 2014).  Efforts on this task in FY-
17 focused on floodplain habitat for the 26 streams in the Structured Decision Model (SDM).  
The original SDM had floodplain habitat values that were largely based on expert opinion and 
did not vary with flow.  We used simplified HEC-RAS models that were extracted from the 
CDWR Central Valley Flood Evaluation and Delineation (CVFED) Program HEC-RAS models 
(CDWR 2015) to develop flow-floodplain area relationships.  We also sought out other sources 
of HEC-RAS models to develop flow-floodplain area relationships for streams that were not 
modeled by the CVFED program. 
 
Results 
 
In FY-17, we developed flow-floodplain area relationships for the following watersheds:  San 
Joaquin, Merced, Delta Sacramento, Lower Sacramento, Upper Sacramento and Calaveras 
Rivers and Cottonwood Creek.  We also started developing flow-floodplain area relationships for 
the Cosumnes and Mokelumne Rivers.  In FY-18, we will complete the flow-floodplain area 
relationships for the Cosumnes and Mokelumne Rivers.  The flow-floodplain area relationships 
for the Delta Sacramento, Lower Sacramento, and Upper Sacramento Rivers were derived from 
the National Marine Fisheries Service Chinook salmon life cycle model.  The flow-floodplain 
area relationship for Cottonwood Creek was developed from a HEC-RAS model developed by 
Philip Williams and Associates (1991), which we extended downstream to the confluence with 
the Sacramento River using transect data from Graham Matthews and Associates (2003).  The 
flow-floodplain area relationships for the Cosumnes and Mokelumne Rivers will be based on a 
HEC-RAS model developed by UC Davis.  We extended the Mokelumne River HEC-RAS 
model upstream to Camanche Dam using a topographic dataset provided by East Bay Municipal 
Utility District. 
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Discussion 
 
This information should be useful to the CVPIA fisheries Science Integration Team in their 
efforts to refine the Central Valley structured decision model. 
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