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DISCLAIMER 

 
This document has been prepared by northwest hydraulic consultants in accordance with generally accepted 
engineering practices and is intended for the exclusive use and benefit of the Coachella Valley Water District and 
their authorized representatives for specific application to the Jefferson Street Grade Control and Sewer Line 
Replacement Project. The contents of this document are not to be relied upon or used, in whole or in part, by or 
for the benefit of others without specific written authorization from northwest hydraulic consultants. No other 
warranty, expressed or implied, is made. 
 
northwest hydraulic consultants and its officers, directors, employees, and agents assume no responsibility for the 
reliance upon this document or any of its contents by any parties other than the client for whom the document 
was prepared.  
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WILDCAT CREEK FISH LADDER RETRO-FIT: 
ALTERNATIVES ANALYSIS AND BASIS OF DESIGN 

 

1.0 INTRODUCTION 

1.1 Background 

Wildcat Creek is located in Contra Costa County, California and flows from the Wildcat 
Canyon to the San Francisco Bay. Historically, downstream reaches of Wildcat Creek 
overflowed their banks and inundated adjacent land.  Low lying areas within the Wildcat 
floodplain were said to have been inundated to a depth of about 1 foot about once every 
three years (USACE 1977).  In the early 1960’s, Local and Federal agencies proposed 
flood protection measures along Wildcat as part of an effort to improve the area’s 
economic vitality.  Contra Costa County and the USACE worked together to develop the 
Wildcat Creek Flood Control Project.  This project, which was completed in 1995, 
extended from the creek mouth to Rumrill Boulevard.  It increased the Wildcat Creek 
channel conveyance to 2300 cubic feet per second (cfs), the 1 percent annual chance 
peak flow.    

In the late 1990s, the USACE began a Section 1135 Investigation for Wildcat Creek to 
enhance habitat along the flood control project reach of Wildcat Creek.  The Section 
1135 Investigation includes enhancing habitat and fish passage through the sediment 
basin and concrete channel located about 1000 feet downstream of Rumrill Boulevard.  
The Waterway Experiments Station (WES), now named Engineer Research and 
Development Center, identified measures to improve fish passage through the sediment 
basin and concrete channel.  The results of the study are presented in the May 2000 
Draft Section 1135 Investigations for Wildcat Creeks USAED San Francisco Wildcat 
Creek, WES Study Report.   

1.2 Study Site 

The Wildcat Creek flood control project included constructing a sediment detention 
basin and concrete channel in Wildcat Creek.  The sediment detention basin and 
concrete channel extend from about station 81+90 to about station 104+96.  The 
sediment detention basin is designed to trap fluvial sediments and reduce the sediment 
management needs in the downstream reaches.  The sediment basin is an earth lined 
structure that is about 380 feet wide and about 560 feet long with a maximum design 
depth of 13 feet.  The basin outlet consists of a concrete weir with rock lined side 
slopes.  Figure 1-1 and Figure 1-2 provide a vicinity map and site map, respectively. 

A 405 foot long concrete channel conveys flows into the basin.  The USACE designed 
the concrete channel to convey runoff in a supercritical flow regime and minimize the 
channel depth required to pass flow beneath the Union Pacific Railroad (UPRR) railroad 
and private driveway crossings.  At its upstream end, the concrete channel cross 
section shape transitions from a trapezoid to rectangular between stations 105+36 to 
104+96, a distance of 40 feet.  The channel is divided into three 14 foot wide bays at 
station 104+59 before passing through a box culvert between stations 104+45 and 
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104+12.  Pier extensions begin about 15 feet upstream of the culvert.  The channel 
passes under the UPRR tracks between station 103+67 and 103+15.  The channel 
curves to the north between stations 102+92 and 101+88. The radius of curvature along 
the centerline is 160 feet.  At station 101+71, the channel changes slope from 1 percent 
to 20 percent downstream of this point.  From this point the channel extends another 40 
feet to its terminus at the sediment detention basin.  Photographs of the project site are 
provided in Appendix A.  As-built plan sheets of concrete channel are provided in 
Appendix B.  

Utility lines cross the sediment basin and concrete channel at four locations.  Two 
petroleum pipelines owned by Kinder Morgan Energy Partners cross through the site: 
the first crosses beneath Wildcat Creek near the middle of the detention basin and the 
second crosses along the downstream face of the UPRR Railroad Bridge.  NHC has not 
yet obtained the size and depth of the pipeline crossing the sediment basin.  The 
second pipeline is a 12-inch diameter high pressure fuel line that is hung on the UPRR 
bridge deck.  West County Wastewater District owns a 15-inch diameter gravity sewer 
line that crosses the Wildcat Creek upstream of the UPRR Railroad Bridge at a depth of 
about 3 feet below the low flow fish passage channel invert.  PG&E owns a 12-inch hot 
oil pipeline that crosses just upstream of the UPRR Railroad Bridge.  The exact depth 
and location has not been identified.     

The channel design included a fishway set within and aligned along the center of the 
concrete channel.  The fishway consists of a Denil ladder that extends from the 
downstream end of the concrete apron upstream 40 feet to station 101+76 where the 
channel slope changes to 1 percent.  From this point, the fishway extends 365 feet 
upstream and consists of a 4 foot wide by 2.5 feet deep channel with Washington 
Baffles spaced every 10 feet.  The as-constructed fishway included a metal grate that 
covered the channel.  The metal grates were removed shortly after construction in an 
attempt to reduce deposition within the fishway.  In its current state, the fishway 
frequently clogs with urban debris, which renders it impassable for potential upmigrating 
adults.  The fishway, free of debris and sediment, would not meet California Department 
of Fish and Game and National Marine Fisheries current fish passage criteria (DFG 
2009, NOAA 2008). 
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1.3 Objectives 

The USACE contracted with Northwest Hydraulic Consultants (NHC) as a subconsultant 
to Noble Consultants to develop a fish passage design that provides passage past the 
sediment basin and concrete channel.  The design process will include NHC preparing 
65% plans, specifications, and engineer’s estimate.  The design will be based on one of 
the measures developed by WES.  The project will be completed in three stages.  Stage 
one includes developing an existing conditions report that defines the existing hydraulic 
conditions, design criteria, constraints, and discusses the feasibility of the measures 
proposed by WES.  The existing conditions including a description of the Department of 
Fish and Game and NOAA design criteria and site, hydrologic, hydraulic, and sediment 
basin characteristics are summarized herein.  Stage 2 involves refining the fish passage 
measures identified in the F3 Report (2002), conducting an alternative measures 
analysis, and providing concept sketches and cost estimates for the alternative 
measures.  Meetings were also held with the USACE and resource agencies in April 
2013.  Stage 3 involves the watershed stakeholders and resource agencies 
commenting on the measures analyses and selecting a preferred alternative.  NHC will 
prepare 65% design plans for the preferred measure.  

1.4 Report Organization 

The report presents design criteria and previous work performed for providing fish 
passage past the Contra Costa County sediment basin and concrete channel on 
Wildcat Creek.  Section 1 provides project background information.  Section 2 discusses 
fish passage criteria as they relate to design options proposed in the WES Study Report 
(2000).  Section 3 discusses hydrologic analyses performed to develop design flows 
and presents recommended design flows.  Section 4 discusses existing hydraulic 
conditions in the sediment basin and concrete channel.   Section 5 discusses sediment 
deposition characteristics in the sediment basin.   Bypass measures developed by WES 
are summarized in Section 6.  Section 7 provides refinements to each of the WES 
measures and an additional measure identified during an on site meeting in April 2013.  
Comparisons for each measure are provided in Section 7.  Section 8 provides 
recommendations and next steps. Section 9 lists the references.  

1.5 Basemap and Datums 

NHC developed a basemap of the detention basin and concrete channel in AutoCAD 
Civil3D using existing information.  Information used to develop the basemap includes 
the following: 

 USACE aerial topography prepared by Pacific Affiliates and Towill Inc, flight date 
8/7/02, Grid based on CA Coordinate System 1983, Zone III. Vertical datum 
NAVD 1988. Provided in dwg file format  

 USACE as-built drawings for the concrete channel prepared by AN West Inc., 
date 2/15/95, Grid based on CA Coordinate System 1983, Zone III. Vertical 
datum NGVD 1929.  Provided in jpg image format. 

 Contra Costa Flood Control utility information search. Conducted in 2003. 



Northwest Hydraulic Consultants 

Wildcat Creek 2 February 28, 2014 
Alternatives Analysis and Basis of Design Report 

 

NHC developed the basemap by superimposing the concrete channel layout shown on 
the as-built plans onto the USACE aerial topography base.  The basemap is presented 
in Appendix C.  Elevation information shown in NGVD 1929 vertical datum was 
converted to NAVD 1988 vertical datum by adding 2.68 feet.  The conversion factor was 
obtained from CORPCON Version 6.0 (USACE 2010).  The conversion factor was 
confirmed by checking NGS data sheets for two control points (HT0908 and HT0909) 
located within 1 mile of the concrete channel.  The difference between NGVD 1929 and 
NAVD 1988 at these two locations is 2.65 feet and 2.67 feet, respectively.   
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2.0 NOAA/DFG FISH PASSAGE CRITERIA 
Fisheries within the State of California are managed and regulated by the California 
Department of Fish and Game (DFG) and the National Oceanic and Atmospheric 
Administration’s National Marine Fisheries Service (NOAA Fisheries).  DFG’s mission 
includes managing inland and marine fishes of California.  NOAA Fisheries 
management responsibilities are directed toward marine fishes including diadromous 
fishes. The two agencies work together to establish fish passage criteria that facilitate 
the movement and migration of adult and juvenile fishes.   

Criteria were primarily developed for road crossings, fishways, and water diversions; 
however, they are applicable to a wide variety of fish passage barriers in streams.  
Criteria establish specific standards for hydraulic design, facility maintenance, and 
operation.  Design standards apply to permissible hydraulic conditions such as velocity, 
depth, hydraulic drop height, and turbulence.  In addition to the criteria for hydraulic 
conditions listed above, structures that do not provide stream-wide passage must 
provide suitable entrance and exit conditions, attraction flows, and freeboard.  The 
criteria are generally defined for a range of flows bounded by low and high design flows, 
life stages defined as juvenile and adult, and species defined as salmonid and non-
salmonid.  The design criteria are presented in DFG’s California Salmonid Stream 
Habitat Restoration Manual - Fish Passage Design and Implementation (2009) and 
NOAA Fisheries’ Anadromous Salmonid Passage Facility Design Manual (2008).  
Criteria considered for the design of fish passage facilities for Wildcat Creek are listed 
below.  

2.1 Fish Migration Design Flow 

DFG and NOAA require fish passage structures and instream facilities that permit “safe, 
timely, and efficient passage (NOAA 2008)” when fish are present and actively moving.  
Typically, the design flows are established by evaluating the flow duration 
characteristics at times when fish are present.  Design flows are established for low and 
high flows, life stage, and species. Table 2-1 lists the low design flows as a percentage 
of time the mean daily stream flow is exceeded.  An alternative minimum flow is used in 
cases where the mean daily stream flow for the specified exceedance is less than a 
specified amount.  Moreover, the absolute minimum flow that fish passage structures 
must provide function are 3 cfs for adult anadromous salmonids, 2 cfs for non-
anadromous salmonids, and 1 cfs for juvenile salmonids.   Table 2-2 lists the high flow 
design criteria.  

Table 2-1. Low Design Flow 
Species/Life Stage Percent Annual Flow 

Exceedance 
Alternative Minimum 

Flow, cfs 
Adult Anadromous Salmonid 50% 3 
Adult Non-Anadromous Salmonid 90% 2 
Juvenile Salmonid 95% 1 
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Table 2-2. High Design Flow 
Species/Life Stage Percent Annual 

Flow Exceedance 
Adult Anadromous Salmonid 1 
Adult Non-Anadromous 
Salmonid 

5 

Juvenile Salmonid 10 

2.2 Hydraulic Design Criteria 

For the purposes of this report, hydraulic design criteria include the following design 
parameters: maximum average velocity, minimum flow depth, maximum hydraulic drop 
height, and maximum turbulence.  These design parameters are further segregated by 
life stage and species.  Minimum flow depth is primarily a function of body size, which is 
characterized by life stage and species.  Table 2-3 shows the minimum flow depths. 

Design criteria for maximum average velocities are categorized first by life stage and 
then by distance that the average velocity occurs.  The distances are intended to match 
the swimming characteristics of adult fishes where maximum swim speeds for adult 
salmonids and non-salmonids are generally characterized into three groups: burst, 
prolonged, and sustained.  Burst speeds generally occur for less than 20 seconds, 
prolonged speeds generally range from about 20 seconds to about 200 minutes, and 
sustained speeds may occur for an indefinite period that exceeds 200 minutes.  The 
maximum average water velocity for juveniles is 1 feet per second (fps).  Table 2-4 
shows design criteria for adults.   

Table 2-3. Minimum Required Flow Depth 
Species/Lifestage Minimum flow depth, ft

Adult Anadromous Salmonid 1.0 
Adult Non-Anadromous 
Salmonid 

0.67 

Juvenile Salmonid 0.5 
 

Table 2-4. Maximum Permissible Velocity 
Passage Distance (Culvert Length)

ft 
Adult Non-

Anadromous 
Salmonids, fps 

Adult Anadromous 
Salmonids, fps 

< 60 4 6 
60 – 100 4 5 

100 – 200 3 4 
200 – 300 2 3 

> 300 2 2 
 

To prevent overtaxing salmonids as they use their leaping capabilities to navigate 
obstacles and move upstream, DFG and NOAA developed maximum hydraulic drop 
design criteria.  The criteria designates the maximum hydraulic drop as calculated by 
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the difference between downstream and upstream water surfaces that a fish has to leap 
to pass a man made structure.  The maximum hydraulic drop for adult salmonids and 
non-salmonids is 1 foot and for juvenile salmonids is 0.5 feet.  

Turbulence, defined herein as irregular and random fluctuations in local velocity and 
pressure, can impair fishes’ ability to move upstream.  Turbulent flow may disorient fish 
or reduce leaping abilities by aerating the flow and reducing stream flow density. 

DGF and NOAA use energy dissipation factor (EDF) to characterized turbulence.  
Maximum permissible EDFs vary with the type of flow conditions.  Table 2-5 lists EDF 
equations for the plunging, streaming, and sloping channels and the maximum 
permissible EDF for adult steelhead and resident trout. 

Table 2-5. Recommended Maximum Energy Dissipation Factors (CDFG 2009) 
Flow Condition EDF Eqn. Max EDF 

Adult Steelhead
ft-lbs/s/ft3 

Max EDF 
Adult Resident Trout 

ft-lbs/s/ft3 
Plunging 

V

Qh
 

4.0 3.0 

Streaming 

A

QS
 

5.0 n/a

Sloping 
Channel 

VS  6.0 4.5

2.3 Fishway Criteria 

DFG and NOAA established criteria for hydraulic conditions within the fishways as well 
as at the entrance (downstream end) and exit (upstream end).  Conditions within the 
fishway must meet the hydraulic drop and turbulence criteria listed above in Section 2.2. 
In addition to these hydraulic conditions the fishway must have a minimum width, depth, 
and length.  For adult steelhead NOAA requires a minimum pool width of 6 feet, length 
of 8 feet, and depth of 5 feet for fish ladders, a type of fishway.  Fish ladders specifically 
for juveniles or resident trout may be smaller.  Maximum fish ladder slopes are generally 
10 percent or less.  

For fishways to be effective through the range of design flows, the entrance must be 
discoverable by fish.  This requires consideration of the location, configuration and 
orientation of the fishway as well as adequate attraction flows.  Generally, fishway 
entrances are located near barriers to avoid fish passing the entrance and expending 
energy attempting to navigate the barrier.  Fishway attraction flows in stream such as 
Wildcat Creek, where the mean annual flows is less than 1000 cfs, typically are 
designed to convey about 10% or more of the stream flow.  

Other considerations include freeboard requirements and operation and maintenance 
needs. NOAA requires fish ladders and fishways with vertical solid walls to have 3 feet 
of freeboard above the maximum design water surface elevation.  This freeboard 
prevents fish from accidently leaping out of the ladder.  Fishways require periodic 
inspection to identify maintenance needs and periodic removal of sediment and debris 
to function properly.  
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3.0 HYDROLOGY 
Flood flow characteristics and fish passage flows are necessary for the analysis, 
assessment, and design of the fish passage past the Wildcat Creek sediment basin and 
concrete channel.  This section briefly describes the development of the design 
hydrology. 

3.1 Design Flood Flow Peak 

The design flood flow peak for the 1 percent annual exceedence flood (1% AEP), 
commonly referred to as the 100-year flood was established by the USACE as part of 
the Wildcat Creek Flood Control project.  USACE calculated the 1 % AEP peak flow to 
be 2,300 cfs.  Recent analyses by Balance Hydrologics Inc. confirm the USACE 
estimate is still valid (J. Owens, personal communication, January 20, 2011). 

3.2 Fish Passage Flows 

NHC used existing data to analyze the flow characteristics of Wildcat Creek and 
establish high and low fish passage design flows.  In this section, we summarize the 
general characteristics of the annual, seasonal and peak flows in Wildcat Creek and 
present our recommended design flows.  

3.3 Gage Records 

The hydrologic analysis was based on existing gage records operated by the USGS and 
Balance Hydrologics Inc.  The US Geological Survey (USGS) operated two stream 
gages on Wildcat Creek. The station “Wildcat Creek at Vale Road at Richmond CA” 
(USGS 11181390) recorded stream flow data from October 1975 through June 1996. 
The station “Wildcat Creek at Richmond CA” (USGS 11181400) recorded stream flow 
data from August 1964 to September 1975. In 2005, Balance Hydrologics Inc. 
reoccupied the “Wildcat Creek at Vale Road” station for stream flow data collection. The 
gage records 15 minute interval data.  Data from the two recording periods were 
combined to establish general flow characteristics and estimate design discharges.  The 
water year is a 12 month period beginning October 1st and ending September 30th and 
is designated by the calendar year in which it ends.   

3.4 Comparison of Mean Daily and 15 Minute Peak Flow 

The data collected from WY 2005 through WY 2006 were recorded in 15 minute 
intervals. A comparison between the 15 minute data and corresponding mean daily flow 
data was used to establish a relationship between the recorded mean daily flows and 
the maximum daily flow.  In flashy streams such as Wildcat Creek, comparison between 
mean daily flow data and peak flow data often provides insight on flows during fish 
passage windows.  Figure 3-1 shows the recorded 15 minute interval data and mean 
daily flow data from 12/14/2005 to 1/9/2006. Figure 3-2 shows the correlation between 
the mean daily flow and daily maximum flow. For this stream a linear relationship is 
established to relate mean daily flow with peak flow (Eqn 1).  

	 3.2 ∗ 	 	 ……Eqn 1 
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Figure 3-1. Measured Flows at the Wildcat Creek at Vale Road Stream Gage 
 

 
Figure 3-2. Wildcat Creek at Vale Road Gage 15 Minute Measured Data and Mean Daily Flow 

3.5 Annual and Seasonal Flow Characteristics 

Table 3-1 shows the peak stream flows and stage from WY1976 through 1997. The 
peak flow on-record is 2050 cfs and occurred January 4, 1982.  Figure 3-3 summarizes 
the 90%, 50%, 10% mean daily flow exceedance as computed from the combined 
WY1976-1997 and WY2005-2010 flow data.y get These data suggest that Wildcat 



Northwest Hydraulic Consultants 

Wildcat Creek 8 February 28, 2014 
Alternatives Analysis and Basis of Design Report 

 

Creek typically flows from November to April.  During this period average monthly flow 
ranges from 2 cfs to 15 cfs. Between May and October, the mean monthly flow is 1 cfs 
or less. Table 3-2 summarizes the mean monthly discharge from WY1976 to 1996. 

Table 3-1. USGS peak flow summary from WY 1976 to 1997 and WY2005 to 2010. 
Date Flow, cfs Stage, ft* 

2/29/1976 26 2.63 

9/19/1977 165 3.78 

1/14/1978 591 5.95 

2/22/1979 900 7.61 
2/19/1980 1280 9.53 
1/27/1981 187 3.96 
1/4/1982 2050 15.8 
1/23/1983 720 6.73 
12/25/1983 289 4.64 
2/8/1985 327 4.82 
2/18/1986 1120 8.69 
2/13/1987 556 5.93 
1/17/1988 74 3.63 
3/25/1989 185 4.68 
11/25/1989 216 4.93 
3/26/1991 219 4.95 
2/19/1992 300 5.51 
1/13/1993 1170 10.37 
11/29/1993 309 5.56 
3/11/1995 1240 7.81 
2/4/1996 1060 6.93 
1/2/1997 1430 8.85 
2/20/2005 187.6 - 
12/31/2005 1177 - 
2/11/2007 107.5 - 
1/25/2008 269 - 
2/22/2009 236 - 
1/20/2010 884 - 

*Gage datum is 65.56 ft above sea level NGVD29 
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Table 3-2. Mean monthly flow from WY 1976 to 1996 
Mean monthly flow, cfs 

Jan 15 
Feb 18 
Mar 14 
Apr 4.2 
May 1 
Jun 0.35 
Jul 0.17 
Aug 0.12 
Sep 0.17 
Oct 0.44 
Nov 2.3 
Dec 5.4 

 

 
Figure 3-3. Summary Hydrograph of Mean Daily Flows at Wildcat Creek at Vale Road Gage 

3.6 Flow duration analysis 

Flow duration analysis was conducted using the mean daily flow data from the 
combined flow monitoring period of WY 1976 to WY 1997 and WY 2005 to WY 2010. 
The upmigration period for steelhead in Wildcat Creek is estimated to be October 
through the end of March (NOAA 1996).  We further divided the upmigration period into 
the high flow period January through March and low flow period October through 
December to identify critical flow durations.  Figure 3-4 shows the flow exceedance 
curve between the first of October and end of December, first of January and end of 
March, and period from October to March.   
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Figure 3-4. Flow Duration Curves at Wildcat Creek at Vale Road 

3.7 Recommended design flows 

Review of the Wildcat Creek flow data show that stream flows peak and recede rapidly 
suggesting that timing for fish passage is critical for successful upmigration of 
steelhead.  Assuming an average speed of 2 fps, the travel time for an upmigrating 
steelhead would be about 3 hours to pass through urbanized reach of Wildcat Creek.  
We recommend that at a minimum high design flows should be computed using the 
mean daily flows from January to March. Table 3-3 lists the minimum recommended 
high design flows.  Due to the flashy hydrology in Wildcat Creek, it may be prudent to 
prescribe flows above the recommended flow values.   

Table 3-3.Recommend Design Flow Range 

  

Percent Annual 
Exceedance Flow, 

Jan to Mar 
Flow based on 

Flow duration, cfs 

Alternative 
minimum flow, 

cfs 

Adult High Flow  1% 168 n/a 

Juvenile High Flow  10% 34 n/a 

Adult Low Flow  50% 3.1 3 

Juvenile Low Flow  95% 0.1 1 
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4.0 HYDRAULICS 
An existing condition HEC-RAS model (Corps 2000) was used to evaluate the 
hydraulics through the riprap channel upstream of the concrete lined channel, the 
concrete lined channel, and the sediment basin for the 1% AEP and 2% AEP (50-year 
flow) events, as well as for fish passage events discussed in Chapter 2.  In this study, 
the two-dimensional depth averaged hydrodynamic ADH model was also used to 
evaluate hydraulic characteristics for flows of 2300 cfs and 500 cfs. In general, flow 
through the riprap channel is subcritical for all events.  Near the upstream edge of the 
concrete channel, the subcritical flow transitions to supercritical flow as it passes 
through the concrete channel.  Flow remains supercritical until it reaches the sediment 
basin and transitions back to subcritical flow.   

During low flows the fish channel conveys the all of the flow in Wildcat Creek.  Using 
critical flow assumptions to compute the conveyance capacity, we estimate a maximum 
capacity of about 16 cfs within the fish channel.  The capacity calculation was computed 
at the constriction between the baffles and assumes the fish channel is free of debris 
and sediment.  Preliminary results from the ADH modeling effort show that for flows 
greater than 16 cfs, excess flows will be divided between the bays in the concrete 
channel.   

At higher flows, the hydraulic conditions near the transition from the trapezoidal channel 
to rectangular channel influence the flow distribution between the three concrete bays.  
For the 1% AEP event, ADH model results show large shockwaves forming near the 
entrance to the bays as the trapezoidal channel transitions into the rectangular concrete 
channel.  These shockwaves promote flow towards the center bay, resulting in about 
2% more flow entering the center bay than the two outer bays.  The two outside bays 
carrying an equivalent amount of flow in this high flow condition resulting in a 32.5%-
35%-32.5% flow split between the three bays.  Results from the ADH model for the 500 
cfs flow show the opposite effect occurring.  At this lower flow rate, the effective channel 
width rapidly expands as the flow transitions to the wider channel.  For this 500 cfs flow, 
the flow split between the three concrete bays is about 37.5%-25%-37.5%.  Appendix D 
provides results from the ADH model.  

Unfortunately, the ADH model was not capable of resolving flows through the concrete 
baffles for flow rates much below 500 cfs.  At these lower flow rates and associated flow 
depths, the inherent assumptions of a two-dimensional model are violated and model 
stability could not always be achieved for the low flow simulations.  Table 4-1provides 
the results of normal depth calculations through the concrete bays for various flow rates 
within the range of fish passage.  Neither of the outside basins meet fish passage 
criteria for depth or velocity.  
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Table 4-1. Velocity and Depths Computed with for Flow Rates Through Concrete Lined Channel. 
Flowrate (cfs) Average Velocity 

(fps) 
Average Depth  

(ft) 
168 8.28 0.62 
125 7.33 0.51 
75 5.94 0.37 
34 4.31 0.23 

 

The location where the supercritical flow jumps to subcritical flow at the downstream 
end of the concrete lined channel depends on the water surface elevation in the 
sediment basin.  Results from the Corps Existing Conditions HEC-RAS model (Figure 
4-1) show water surface elevations in the sediment basin range from 12 feet during low 
flow conditions, to just over 23 feet during the 1% AEP event.  For this range in 
tailwater, the hydraulic jump is expected to occur in the portion of the concrete channel 
that slopes at 20% and contains the Denil ladder.  Water surface elevations within the 
sediment basin are only controlled by the weir at the downstream end of the sediment 
basin when flows are less than about 5 cfs.  Based on preliminary results from the 
Corps Existing Conditions HEC-RAS model (USACE 1989) updated with 2010 survey 
data provided by Contra Costa County, limited capacity of the channel downstream of 
the sediment basin causes backwater effects upstream which control water levels in the 
sediment basin.  

 
Figure 4-1. Sediment Basin Rating Curve Based on the HEC-RAS Existing Conditions Model with 
revised 2010 survey cross-sections. The Froude number and water surface elevations are at the 
weir on the downstream edge of the sediment basin. 

Flood conveyance of the peak flow with a 1% AEP is a concern in this reach. 
Furthermore, adequate freeboard between the 1% AEP water surface and the soffit of 
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the UPRR bridge should be maintained.  The National Flood Insurance Program 
currently specifies a 4 foot clearance between a 1% AEP water surface elevation and a 
bridge soffit.  In the existing condition design this clearance appears to be about 3.5 feet 
based on the 1% AEP flow ADH model results and those shown in the previously 
developed Modified Selected Plan (USACE 1988).   

Due to low invert elevations of the City of San Pablo stormwater outfalls upstream of the 
Section 1135 project area, any modifications to the channel should not increase water 
surface elevations above existing conditions and should account for a possible future 
re-sloping of the approach channel.  Of similar concern, the current design of the riprap 
and concrete channel are for the channel to act as sediment pass-through reaches.  
Any modifications to the channel, and subsequently the local hydraulics, should ensure 
that the sediment transport through the project area is not significantly affected.  
Increases in sediment transport capacities could induce scour and instability upstream, 
while decreases in sediment transport could lead to sediment deposition and reduced 
channel capacity.  

Based on the above discussion the following design criteria were adopted for the 
analysis and design: 

 Design measures maintain the 1% AEP water surface elevation through the 
concrete lined channel at or below the existing conditions 1% AEP water level. 

 Design measures maintain the existing hydraulic conditions and sediment 
transport characteristics in the upstream rip rap reach.    

 Design measures within the fish passage channel meet NOAA and DFG fish 
passage criteria between the flows of 1-168 cfs, satisfying the hydraulic criteria 
outlined in Section 2. 
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5.0 SEDIMENT BASIN OPERATION 
The sediment basin was constructed in 1988 to limit conveyance reducing deposition in 
the lower reaches of Wildcat Creek.  The sediment basin was originally built with 
earthen berms to help establish a low flow channel through the basin.  However, the 
berms have proven to be unsuccessful in establishing a low flow channel as sediment 
deposited by winter storms fills the basin and low flow channel before the spring 
migratory flows occur.  The lack of a low flow channel potentially inhibits fish passage; 
trapping downstream migration and limiting access to the fish ladder for upstream 
migration.  Contra Costa County maintains the sediment basin and periodically removes 
the sediment deposits.      

5.1 Sediment Basin Deposition Characteristics 

General deposition characteristics in the sediment basin were analyzed and compared 
with existing observed sediment and flow characteristics. The sediment transport 
module within the two-dimensional ADH model was used to assess sediment transport 
and deposition characteristics.  Existing ground photographs and aerial imagery were 
compared with model results.  This section describes the methods and results of this 
preliminary analysis.  It is important to note that hydraulics through the basin varies with 
inflowing load, deposition within the basin, and basin dredging.  Therefore, the 
preliminary analyses provide a preliminary view of the project’s potential influence on 
trap efficiencies and velocities within the basin.  

Coupling the sediment transport relationships provided in the WRAP Report (Urban 
Creeks Council 2010) with the flow duration statistics (Chapter 3) provides insight to the 
range of flow rates which produce the most deposition in the sediment basin.  Sediment 
transport rate increases as a power function of the stream flow.  Flood events with 
return periods of 10-years or greater are capable of transporting significant amounts of 
sediment.  These flows occur relatively infrequently and as a result do not contribute 
significantly to the transport of the majority of the sediment over the long term.  
Moderate flows, which occur frequently and have sufficient capacity to transport 
available bed materials, are generally responsible for the majority of sediment transport.  
Applying the flow duration relationship shown in Figure 3-4 to the sediment transport 
equations of the WRAP report (Urban Creeks Council, 2010), and integrating over a 
duration of 1 year provides a cumulative amount of sediment transported each year.  
Figure 5-1 summarizes the percentage moved by each range of flow rates.   
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Figure 5-1. Distribution of sediment deposition during an average year by flow rate 

Assuming the sediment basin has a 100% trap efficiency of sands and gravels (USACE, 
2002), Figure 5-1 outlines the percent of deposition in the sediment basin attributed to 
each range of flow rates.  Flows exceeding 200 cfs account for almost 80% of 
deposition within the basin.   As fish passage is required at flows less than 200 cfs, 
design measures should ensure that fish passage can be met at these lower flows, and 
that basin operation for sediment retention is not adversely affected during large flow 
events.  

The sediment transport module of the two-dimensional depth averaged ADH numerical 
model was used to provide a baseline understanding of the depositional patterns and 
processes in the sediment basin.  The WES Study Report (USACE 2002) provided 
results from a calibrated HEC-6T one-dimensional sedimentation model.  The sediment 
discharge rating curve from this report was adopted.  The size distribution of the 
sediment load was computed by equilibrium sediment transport models of the rip rap 
reach using sediment gradations from the WES Study Report (USACE 2002).   

A simple model of the sediment basin in a recently maintained condition was then run 
for a constant flow of 500 cfs and 170 cfs.  These flows are expected to be 
representative of a frequent large flow event (~1.5 to 2 year storm (Urban Creeks 
Council, 2010)) and a typical fish passage event.  Results of the model show large 
amounts of deposition near the outlet of the concrete supercritical structure.  The 
gradation of this deposition appears to be primarily gravels and coarse sands, which 
represents bedload and the coarser fraction of the suspended load.  The deltaic deposit 
near the concrete structure progrades into the basin as coarse material enters the 
basin.  Suspended sediment is advected further into the basin, and deposited along the 
main core of the flow.  Finer sediments, which are more easily held in suspension, 
deposit further from the main flow than coarser suspended sediments.   
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This depositional pattern is consistent with expected depositional patters as a high 
energy stream enters a low energy flat bottom pool (Garcia, 2008).  This depositional 
pattern is also generally consistent with observed photos and the 2010 sediment basin 
survey performed by Contra Costa. The survey shows up to 6 feet of sediment near the 
upstream edge of the basin, and only about 2-3 feet towards the downstream edge of 
the basin.  Photographs generally show a low flow channel re-establishing itself through 
the basin.  However, there is potential for braided channels to form as shown in the 
Wildcat 1135 F3 Documentation Report (2002).  Braided channel forms may not meet 
NOAA and DFG fish passage criteria for depth during low flows unless sufficient 
channel depth is formed in the primary flow channel. 

5.2 WES Sediment Basin Measures 

The WES Study Report (USACE 2002) identifies separate measures for increasing the 
trap efficiency of the sediment basin, and for improving fish passage through the basin.   

Conceptual measures for increasing the sediment basin trap efficiency include: 

 Raising the weir on the downstream end of the sediment basin to increase the 
basin sediment capacity and trap efficiency; 

 Widening the sediment basin to increase the basin sediment capacity and trap 
efficiency; 

Conceptual measures for improving fish passage include: 

 The construction of a boulder weir on the downstream end of the concrete lined 
channel to help direct flows into a low flow channel; 

 Construction of a bypass channel to bypass the sediment basin altogether during 
low flows, and which would be submerged during high flows. 

USACE (2002) utilized the HEC-6T one dimensional sedimentation model to analyze 
the effects of raising the weir on the downstream of the sediment basin, as well as 
widening the basin.  The USACE(2002) report concluded raising the weir would be 
more beneficial than widening the basin.  However, the USACE (2002) report also used 
the as-built geometry for the reach downstream of the sediment basin and noted the 
benefit of raising the weir declined due to deposition downstream of the basin.  
Significant deposition has been noted in the channel downstream of the sediment basin 
since construction.  As shown in Figure 4-1, the water levels in the sediment basin are 
now controlled by the downstream reach, and the weir would remain submerged even 
with the proposed raising of the weir elevation.  This indicates that raising the weir will 
not appreciably improve the trap efficiently of the sediment basin.  

Widening the sediment basin remains a viable means to increase the trap efficiency of 
the sediment basin and lessen the frequency of maintenance dredging.  The increased 
basin size would increase the residence time of the basin, helping to trap more fine 
material, and potentially reducing the amount of sediment that presently deposits in the 
channel downstream of the sediment basin.  The increased volume of the basin would 
also allow more storage volume for sediment deposition.  Preliminary results from the 
ADH modeling show that channel training structures in the basin, such as baffles or rock 
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spurs, will lengthen the flow path through the basin and prevent short circuiting of the 
basin.   

One proposed fish passage measure includes a bypass channel to route low flows 
around the sediment basin.  Bypassing flows around the sediment basin will result in 
some sediment bypassing the basin and a reduction in the effectiveness of the 
sediment basin.  Although the bypass is designed to operate primarily at flows less than 
200 cfs, the bypass still functions during high flow events, thus bypassing sediment 
around the sediment basin and delivering it to the channel downstream.  A bypass 
channel designed to convey a maximum of 130 cfs has the potential to reduce the basin 
trap efficiency by up to 26% during a 500 cfs event and up to 5% during a 1% AEP flow 
event.  Clearly, reducing the efficacy of the sediment basin by bypassing sediment past 
it does not fit within the project goals.  Consequently, design solutions such as 
automated gates or other design measures are necessary to control sediment ingestion 
into the bypass channel and minimize sediment transport to the downstream reach.   
These solutions will require careful consideration as they need to operate effectively 
and potentially may require non-trivial maintenance and operational costs.   

5.3 Design Considerations 

Using the findings from the preliminary sediment analysis, the following design criteria 
have been identified.  These criteria are in addition to the hydraulic design criteria 
described at the end of Section 4 of this report. 

 Fish passage measures that include a bypass channel past the sediment basin 
should be designed to minimize bypass flow and sediment entrainment.  

 Fish passage measures that include a fish passage channel through the concrete 
channel should be designed to adequately pass sediment during high flow 
conditions and remain relatively free of sediment in low flow conditions.  

 Fish passage measures should be adaptable to a possible widening of the 
sediment basin. 

 Fish passage measures should tolerate up to six feet of deposition which 
typically occurs in the sediment basin between maintenance intervals. 

 Fish passage measures should not greatly hinder the removal of sediment 
deposits in the sediment basin.    
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6.0 WES FISH PASSAGE MEASURES 
In 2000, the WES Study Report identified three measures to provide fish passage past 
the sediment basin and the concrete channel (USACE, 2000).  These measures 
included: 1) a channel that bypassed the sediment detention basin and concrete 
channel north of Wildcat Creek (North Bypass), 2) a channel that bypassed these 
structures south of Wildcat Creek (South Bypass), and 3) improvement of the channel to 
pass fish through the center of the concrete channel (existing structure modification).  
Conceptual layouts of these measures are shown in Figure 6-1. These conceptual 
alignments are intended to depict the general location where the bypasses would be 
located and do not represent design alignments.   

6.1 North Bypass 

The North Bypass extends along the north side from upstream of the concrete channel 
downstream to the concrete weir at the sediment basin outlet.  Although the bypass 
alignment has not been established it would generally pass through a commercial 
property (U-Pull It), underneath the UPRR, and through County property to the weir at 
the basin outlet.  The proposed North Bypass measure would include a fish passage 
channel that routes flow and fish past the concrete flood control channel. The fish 
passage bypass channel would consist of a trapezoidal channel with an 80 to 90 foot 
long culvert that passes underneath the UPRR tracks.  The proposed channel would 
have a width of about 3 feet, channel slope of 0.01 feet per feet, and side slopes of 2 
horizontal to 1 vertical.  The culvert would be about 42 inches with a slope of 0.005 
feet/feet.  The North Bypass would have a maximum conveyance capacity of about 70 
cfs.  In addition to the channel and culvert, a culvert or bridge would likely be required to 
provide access to the commercial property on the northeast side of the creek.   

Constraints to locating the bypass on the north side are documented in the WES Study 
Report (USACE 2000) and the Wildcat 1135 F3 Documentation Report (2002).  These 
constraints include: limited right-of-way, crossing of UPRR tracks, crossing utility lines, 
maintaining a persistent and low maintenance channel, providing suitable fish passage 
conditions within the bypass.  In the F3 Document Report, the USACE eliminated 
further consideration of this measure due to the high cost of obtaining right-of-way 
(USACE 2002).   

6.2 South Bypass 

The South Bypass extends along the south side of Wildcat Creek from upstream of the 
concrete channel downstream to the concrete weir at the sediment basin outlet.  As with 
the North Bypass, the South Bypass alignment has not been precisely defined.  The 
South Bypass channel and culvert characteristics proposed in the WES Study Report 
(USACE 2002) are similar to the North Bypass.  This measure was identified in the 
WRAP report (Urban Creeks Council 2010) as a preferred means to provide fish 
passage.  A graphical representation of the bypass alignment is shown in Figure 6-1.   

Although the precise location of the South Bypass was not explicitly discussed in the 
WES Study Report (USACE 2002), there may be sufficient space to locate the bypass 
within the County right-of-way between the landside edge of the concrete channel wall 
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and the UPRR bridge abutment.  NHC’s review of the as-built drawings and inspections 
of the site suggest that the width in this area is about 14 feet.  This potential crossing 
location of the bypass and UPRR tracks is shown in Figure 6-2.  A bypass in this 
location would cross under the Kinder Morgan 12” diameter petroleum line, over the 
PG&E 12” diameter hot oil line, and over the Western County Wastewater District 15” 
sewer line.  Preliminary review suggests that conflicts with these utilities could be 
avoided.   

Construction of the bypass in this location would eliminate the need to acquire 
additional right-of-way and reduce the pipe installation cost beneath the UPRR track.  
Although the corridor between the abutment and the concrete channel wall is narrow, 
conventional equipment could be used to install the bypass pipe thereby avoiding the 
need to microtunnel or jack and bore.  Further structural analysis is necessary to identify 
the constraints and costs involved in locating the bypass in the gap between the railroad 
abutment and the concrete flood control channel.    

6.3  Existing Fish Passage Channel Modification 

This measure would provide fish passage by modifying the existing fish passage 
channel, Denil ladder, and sediment basin to provide upstream and downstream 
passage.  Beginning at the upstream end, the fish passage channel in the concrete 
channel would be modified to meet fish passage criteria through the range of fish 
passage flows.  These modifications could include removing the angled baffles in the 
existing fish passage channel to improve the transport of debris and sediment through 
the channel and reduce the potential formation of obstructions.  It is unlikely that this 
modification alone will result in flow characteristics that meet DFG and NOAA fish 
passage criteria through the range of fish passage flows.  Potential modifications 
required to meet DFG and NOAA criteria may include increasing the fish passage 
channel dimensions and adding baffles, pools, or resting areas.   

In its current state, the existing Denil ladder located at the downstream end of the 
concrete channel does not provide adequate fish passage.  WES identified that the 
ladder dimensions are not standard and likely do not provide suitable hydraulic 
characteristics for fish passage. The ladder frequently traps debris, which renders it a 
complete barrier to fish passage.  Maintenance access to the ladder is limited to periods 
when water levels in the basin and stream flows are relatively low.  WES suggests 
modifying the ladder dimensions and installing debris deflectors to reduce the amount of 
debris entering the ladder.  

The sediment basin would likely require modification to maintain a more self sustaining 
channel that provides flow depths during low flows suitable for fish movement.  Basin 
modifications may include installing baffles or regrading the basin to form multiple cells 
within the basin to develop a low flow channel that meanders through the cells.  As 
described in Section 5.2 of this report, the basin modifications may also include 
increasing the basin size and low flow channel length by expanding the basin to the 
north.    
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Figure 6-2. As-Built Plan Sheet S-1 Showing UPRR and Concrete Channel 
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7.0 NHC MODIFIED MEASURES 

The conceptual measures proposed in the WES Study Report (USACE 2002) were 
modified to meet State of California Fish Passage Standards (Section 2) and fit the 
existing topography.  The modified measures are intended to provide adequate fish 
passage conditions for the range of fish passage flows outlined in Section 3 without 
affecting the capacity of the system to convey the 1% AEP peak flood flow. Another, 
primary design consideration included efficiently passing sediment and debris through 
the concrete channel while minimizing channel maintenance.  The following sections of 
this report provide quantitative and qualitative discussion of each alternative’s 
refinements developed by NHC.  

7.1 South Bypass 

Three channel configurations were considered for the South Bypass: Step-pool channel, 
chute-pool channels, and constant sloped channels.  Step-pool channels are 
characterized by series of small vertical drops into large flat pools.  Chute-pool 
sequences are characterized by steep roughened channels emptying into large flat 
pools.  Constant sloped channels are channels which maintain constant slope.  DFG 
(2009) provides fish passage design guidance for each of these channel designs.  
Downstream bypass exit designs varied for the two bypass measures.  A similar 
upstream entrance was used for both bypass measures.   

7.1.1 Bypass Entrance 

The proposed entrance to the South Bypass is located 70 feet upstream of the start of 
the concrete channel.  The location of this entrance is within the subcritical flow reach of 
the trapezoidal riprap channel and kept away from the transcritical flow transitions 
location.  This location of the channel entrance also provides a reasonable distance for 
the bypass channel to route flow around the concrete structure without requiring abrupt 
channel transitions.  A small rock training structure would be constructed across the 
riprap channel to divert flows into the bypass but allow larger overtopping flows to 
continue downstream to pass through the concrete structure.  

The entrance training structure would have a top elevation about 2.5 feet above the low 
flow channel invert.  The training structure height was sized based on the normal flow 
depth at a flow rate of 130 cfs.  For flows of about 130 cfs or less, all of the streamflow 
would be diverted through the bypass.  For flows greater than 130 cfs, excess flow 
would be allowed to pass downstream through the concrete structure.  Based on 
modeled flow depths (Appendix D), the relative submergence would range from about to 
2 to 3 for large events.  At these larger values of relative submergence, the training 
structure should not significantly affect upstream water surface elevations.  Should 
stakeholders prefer the south bypass measure, NHC will refine the bypass inlet to 
minimize diversion of sediment into the bypass.  Furthermore, the flow distribution 
between the bypass channel and the concrete flood control channel will be optimized to 
reduce the flow into the bypass channel.   
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The first 100 feet of the bypass channel would be comprised of a roughened grouted 
riprap chute channel with a bed slope of 2%.  The steep chute will carry all of the flow 
during juvenile passage conditions forcing downward migrating fish into the bypass.  
During the upper bounds of the adult passage, some flow is expected to overtop the 
training structure and flow through the concrete channel. However, both out migrating 
adults and juvenile smolts tend to avoid shallow flows that are less than a depth of the 
body (Thompson, 1972) and are likely to follow the majority of the flow through the 
bypass.  These flow distributions should also help attract upward migrating fish at the 
downstream end of the bypass.  The downstream exit of the bypass is discussed in 
detail in the following sections. 

7.1.2 South Bypass Treatment A 

Under this variation of the South Bypass Measure, the bypass would extend past the 
sediment basin to the channel downstream of the sediment basin weir.  Under this 
treatment, the bypass channel drops about 10.6 feet vertical feet over about 1100 feet- 
for an average bed slope of about 1%.  The chute-pool channel design was determined 
to be an acceptable channel design for this application.  Alternatives to this design 
include step-pool and a constant slope channel.  However, a channel with step-pool 
sequences would produce very long, low energy pools that are likely to fill with 
sediment.  A constant slope channel with a 1% bed slope would require in-channel 
baffles or highly variable cross-sectional shapes to provide adequate passage 
conditions through the range of passage flows.  NHC recommends the chute-pool 
design as it provides the simplest approach. 

The proposed concept design shown in Figure 7-1 throughFigure 7-3 consists of 11 
chutes and 10 pools. The chutes will be 50 feet long with a bed slope of 2%.  The pools 
are 55 feet long and with a flat bottom.  The chutes will be a triangular cross-section.  
The design concept shows 1.5H:1V side slopes constructed of grouted riprap.  The 
triangular shape will be 12 feet across, with vertical concrete walls extending to about 
six inches above the existing ground level.  The pools will be rectangular shaped with a 
bottom width of 12 feet and vertical walls extending up to match the top of chute walls.  
The invert of the pools will be four feet below the invert of the chute entrance and exit.  
The 12 foot channel width plus an additional two feet for wall thickness will likely fit 
within the limited rightaway near the UPRR Bridge.  Maximum excavated channel 
depths are expected to be about 12 feet.   

For flow rates of about 130 cfs through the bypass, the EDF (Section 2) through the 
pools is about 3.2 lb/ft2s.  An EDF of this magnitude meets fish passage criteria while 
maintaining turbulence to promote suspension and transport of suspended sediments.  
The EDF will increase as volume in the pool is lost due to sediment deposition.  At 35 
cfs, the EDF through the pools will decrease to about 0.82 lb/ft2s.  The velocity in the 
chute is expected to be about 5.5 ft/s at 130 cfs, 3.9 ft/s at 35 cfs, and 2.8 ft/s at 10 cfs.  

The exit of the bypass will be a chute ending just downstream of the existing sediment 
basin concrete weir.  During the range of fish passage flows, the bypass will convey 
most if not all the flow and will likely be easily discoverable by up migrating steelhead.   
Erosion control will likely be required at the outlet of the bypass channel.  Erosion 
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control measures may range from biotechnical treatments to structural treatments such 
as rock riprap.  

The construction of this design would require up to about 12 feet of excavation.  The 
width of the excavation would be limited by right-of-way and existing structures.  
Temporary shoring would likely be required to construct the concrete channel.  The 
concrete channel would likely be cast-in-place concrete with rebar reinforcement.  The 
UPRR Bridge is an important and significant structure that requires approval of the 
UPRR Company to cross.  It may be feasible to excavate between the railroad bridge 
abutment and existing concrete channel and construct a channel between these points.  
Alternatively, a culvert could be constructed to cross the UPRR Bridge.  Preliminary 
calculations suggest that a pipe with an inside diameter of about 54 inches would 
provide adequate hydraulic characteristics to meet fish passage criteria.  The pipe could 
be installed by excavating between the bridge abutment and existing concrete channel 
or jack and bore.  If constructed during summer, dewatering would likely be 
unnecessary as the construction would be out of channel and likely above the water 
table.  Temporary water diversions would be necessary to control runoff during summer 
rainfall events.     

Maintenance for this measure would include periodic inspection of the channel and 
debris and sediment removal.  Debris could likely be removed at all flow conditions from 
the open channel and could be accomplished with the use of gaffs or other similar 
equipment.  Removal of debris from the UPRR crossing would likely be limited to low 
flow periods or following temporary closure of the bypass channel inlet.  Inspection and 
removal of debris from the reach crossing the UPRR Bridge would likely require 
maintenance workers to enter the culvert or bridged section and remove material by 
hand.  Sediment would likely be difficult to remove and may require maintenance crews 
to enter the channel and excavate the material by hand.  However, the chute pool 
configuration is likely to efficiently pass sediment and debris and require relatively little 
maintenance as compared to the existing Washington baffle fishway and Denil ladder.  
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7.1.3 South Bypass Treatment B 

Under this variation of the South Bypass Measure, the bypass would only bypass the 
supercritical concrete channel structure and connect to the sediment basin near the 
confluence of the sediment detention basin and concrete channel.  Under this 
treatment, the bypass would need to drop about 10.6 feet vertical feet over about 650 
feet- or an average bed slope of about 1.6%.  The step-pool design is a suitable 
channel design for this application.  Adequate pool lengths/chute slopes could not be 
achieved for the slope and range of flows.  As with the South Bypass Treatment A, a 
bypass channel with a constant slope would require baffles or other features to reduce 
velocities and provide resting areas.  In lieu of a baffled channel, a step-pool 
configuration is proposed.   

Figure 7-4 andFigure 7-5 show the proposed design for the South Bypass Treatment B.  
The maximum step size is limited to six inches to allow upstream migration of juveniles.  
V-notch weirs are used to create diversity in the cross-sectional hydraulics at the weir.  
Each pool is 20 feet long with a flat bottom. The crest of the 116 degree v-notch weir will 
be set 3.5 feet above the upstream pool floor and 6 inches above the downstream pool 
floor.  The channel width is 12 feet.  EDF values range from 3.2 at 130 cfs to 0.82 at 35 
cfs.  As discussed in the above in Treatment A, the EDF should limit the amount of 
deposition while providing adequate for fish passage.  

The exit of the bypass will be a pool ending just downstream of concrete structure.  
During fish passage flows, the majority of the flow will be exiting from the ladder very 
little water will be passing through the concrete channel.  Because the bypass channel 
will convey the majority of the flow, the bypass channel entrance should be easily 
discoverable by steelhead.  The concentration of more frequent flows into the bypass 
channel should help redevelop a channel if deposition occurs in the lower portion of the 
channel.  Passage through the sediment basin would still be required.  These options 
are discussed in Section 7.3.  

Construction of this design would require channel excavation as deep as about 17 feet.  
As with Treatment A, the lateral extent of the excavation would be constrained by right-
of-way and existing structures and would require temporary shoring to construct the 
bypass channel.  The concrete channel would likely be cast-in-place concrete with rebar 
reinforcement.  Channel construction under the UPRR embankment could be 
accomplished in a similar manner as in Treatment A. Dewatering considerations will be 
similar to the Treatment A construction approach.  

Maintenance will be similar the South Bypass Treatment A; however, effective passage 
in the Treatment B configuration will rely on maintaining pool depths.  Sediment is likely 
to accumulate in the pools and removal of this sediment will require maintenance crews 
to excavate the pools by hand.    
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7.2 In-channel Fish Passage Improvement 

Two channel configurations were considered for improving the hydraulic characteristics 
for fish passage through the center channel.  Both configurations will remove the 
existing Washington Baffles and Denil Ladder, maintain the 1% bed slope of the existing 
fishway in the upstream 255 feet of the concrete channel, and reprofile the lower 150 
feet of the concrete channel to an approximate 5% grade.  The first alternative proposes 
a concrete channel with different channel shape and baffle configuration than the 
existing fishway.  The second alternative proposes a nature-like fishway design. The 
improvements are designed to meet NOAA and DFG fish passage criteria and reduce 
maintenance needs. 

7.2.1 Modified baffles through center bay 

The proposed design removes the existing Washington Baffles and Denil Ladder.  The 
south wall of the fish channel will be replaced with a 1.5H:1V sloping wall.  A low flow 
notch 1 foot wide with an invert 1 foot below the existing fish passage invert will be cut 
along the southern edge of the channel.  Baffles will be spaced every 25 feet upstream 
of the slope break, and every 10 feet downstream.  Figure 7-6 and Figure 7-7show the 
design. 

The sloped south side of the fish passage channel was designed to reduce the 
likelihood of debris blockage impacting fish passage.  The sloped wall should improve 
debris conveyance by providing more area for flow to lift debris and moving it past the 
baffles.  The sloped wall also provides increased flow area in the low flow channel to 
better allow fish to navigate through or around debris.  The channel shape also 
increases hydraulic variability in the cross-sectional shape by providing variable depths.    

The baffles are designed to provide resting area and hydraulic diversity in the channel.  
The cross-sectional shape of the baffles acts similar to v-notch weirs producing small 
drops and pools during very low flows.  As the flow rate increases, the baffles begin to 
function more similar to bendway weirs, with higher velocity near the south side of the 
channel, and slower velocities providing resting areas on the north side of the channel 
where flow separation occurs behind the baffles.   The baffles will not be the full height 
of the low flow channel in to help allow debris passage.  The baffles will be shaped with 
a 1.5H:1V back slope on the downstream side.  Physical model studies on similar 
configurations shows this leads to reduced deposition behind the baffles (NHC, 2008).   

Increasing the existing slope of the fish passage channel from 1% to 5% 150 feet 
upstream from the sediment basin removes the short steep 20% grade where the Denil 
ladder currently exists.  The milder 5% slope increases the likelihood of successful 
passage as few channel designs have been found to successfully provide passage on 
slopes as steep as 20%.  The 5% bed slope will cause the fish passage channel to 
gradually deepen below the invert of the concrete channel to a maximum depth of about 
7 feet at station 101+75.  Downstream of station 101+75, the fish passage channel 
would gradually become shallower relative to the invert of the concrete channel.  The 
fish passage channel would maintain a constant top width for the entire length of the 
channel.  This will force the south wall of the channel to gradually steepen downstream 
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of the slope break to near vertical near station 101+75, and flatten back to 1.5H:1V on 
the downstream edge of the channel.   

The changes to the fish passage channel would increase the overall conveyance area 
of the channel and likely have little effect on the overall channel roughness.  The fish 
passage channel would have a capacity of about 170 cfs, keeping all fish passage flows 
in channel and limiting the exposure of the fish to the other bays of the channel.  
Keeping the entire flow within the fish passage channel helps ensure migrant fish will be 
able to locate the upstream and downstream edges of the structure.  Adequate flow 
depths should be maintained through the channel for the range of fish passage flows.  
The maximum drop height would be six inches, and the baffles would add diversity to 
the flow field and provide resting pools for upmigrating steelhead.  Such a channel will 
have strongly three-dimensional hydraulics. Accurate quantification and characterization 
of the hydraulic characteristics of this structure would require a CFD or physical model.  

The upstream end of the concrete channel would be modified by adding low flow 
training structures to direct low flows into the fish bypass channel.  The training 
structures would be narrow rounded sills about 6 inches wide and three inches high.  
The training structures will be placed on either side of the fishway, extend laterally 
across each of the outer concrete bays, and angled at about a 70 degree angle with 
channel centerline to direct low flows into the fish passage channel.  

Construction of this design would require the demolition of the existing baffles and one 
wall of the low flow channel.  The excavation would be about 1-4 feet below the existing 
channel invert.  Due to this shallow excavation depth, shoring may not be necessary for 
a significant portion of the channel excavation.  The concrete channel would consist of 
cast-in-place concrete with steel reinforcement.  We assume construction would occur 
during the summer and extensive dewatering and flow diversion would not be 
necessary.  Flow diversion would likely include installation of a temporary coffer dam or 
similar structure and training structures that divert flow to the north or south concrete 
bays.  Downstream reaches of Wildcat Creek could be protected from turbidity by 
decanting runoff in the sediment basin.    

Maintenance of the fish bypass channel will include periodic removal of sediment and 
debris.  Access to the fish passage channel will most easily be accomplished during low 
flow periods when flows are less than about 100 cfs.  The channel and baffles were 
designed to flush most sediment and debris through to the sediment basin.  The design 
will perform much better than the existing design because the small openings and 
spacing between baffles have been eliminated.  Hence, opportunities to clear debris 
from the channel will be less frequent than with the South Bypass Channel Measure, 
but the channel will be easier to maintain than the South Bypass Channel Measure. 
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7.2.2 Nature-like fishway alternative 

Figure 7-8 andFigure 7-9 show the nature-like fishway design through the center bay.  
The design includes a 1% roughened rock channel through the center basin of the 
supercritical concrete channel.  The roughened rock channel would transition to a 5% 
grade boulder step pool sequence over the lower 160 feet of the channel.  The 
roughened rock channel would be trapezoidal in shape with a 2 foot bottom width and 
2H:1V side slope.  The 1% roughened rock channel invert would be consistent with the 
existing concrete fish passage channel, and the 2H:1V slopes would leave 1 foot of 
clearance between the excavated channel and the concrete splitter walls.  Boulder 
buttresses will be placed every 50 feet to help maintain the design invert.  Rock sizing 
will be based on the engineered streambed material methods provided in CDFW (2009).  
The high unit discharges through the center channel during extreme events will likely 
require that the rock buttresses be structurally stabilized.  Table 7-1identifies 
approximate depths and velocities through the section using normal depth calculations.  
The normal depth calculations assumed a Manning’s n of 0.08 for a steep rock channel. 

Table 7-1. Normal Depths and Velocities through Roughened Rock Channel 
Flow Rate (cfs) Max Depth (ft) Average Velocity (ft/s) 

1 0.5 0.7 
3 0.9 0.9 
15 1.9 1.4 
30 2.5 1.7 

Based on normal depth calculations, the center channel should contain all of the flow up 
to a flow of about 30 cfs.  As flows increase above 30 cfs, the outer two bays will start to 
carry the excess flow.  Two-dimensional ADH hydraulic modeling of the flow split 
indicates the flow through the center channel will likely not exceed 35 cfs during fish 
passage flows (Appendix D).  ADH model results show depths and velocities in the at 
the transition between center bay to the rip rap channel reach meet depth criteria for the 
adult passage.   

The boulder step pool sequence would maintain about the same trapezoidal shape as 
the roughened rock channel, although the top width of the channel would be limited to 
12 feet with vertical walls extending above the sides of the trapezoidal channel.  The 
boulder weirs will be structurally held in place and would create 0.5 foot drops between 
pools.  Pool lengths would be 8 feet, with every third pool being 16 feet in length.  The 8 
foot pools would have a pool depth of about 2.5 feet, and the 16 foot pools would have 
a pool depth of 4 feet.  These pool spacings and depths are consistent with geometric 
criteria in CalDFW (2009) and Washington Department of Fish and Wildlife (WashDFW, 
2013).  

Table 7-2 provides EDF values for the pools for various flow rates.  Using relationships 
found in DFG (2009), the flow is expected to transition from plunging to streaming 
through the 8 foot pools at approximately 15 cfs.  The 16 foot pools would remain 
plunging until flows began to reach about 65 cfs through the center bay.  WashDFW 
(2013) recommends EDF values between 3-5 as optimal.  Larger values of EDF (Table 
4) inhibit fish passage, while lower values allow sediment deposition.  The pool spacing 
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and depths are designed to allow fish passage during low flows and self scour during 
high flows to remain sediment free. 

Table 7-2. Calculated EDF Values. 
Flow Rate (cfs) EDF (ft-lb/s/ft3) 

8-Foot Pools 16-Foot Pools 
1 0.2   0.1 
3 0.5  ) 0.3   
15 2.0   1.3   
35 4.6   2.9   
40 5.3   3.3   

ADH model results (Appendix D) also show the velocities through the riprap channel to 
be nearly equivalent to the existing conditions model.  Water surface elevations through 
the reach are also not increased due to the roughened yet larger channel. The center 
bay channel slightly lowers the water surface elevation during the 100-year event by 
less than 0.1 feet at the upstream edge of the reach.  The roughened center bay causes 
localized changes in water surface at the entrance and exit of the concrete channel.  
These effects are due to changes in where flow transitions between supercritical and 
subcritical for the different configurations.    

The additional natural fishway through the center bay alternative has many of the same 
advantages of the initial center bay alternative.  The preliminary hydraulic analyses 
discussed in this section confirmed that the natural fishway design through the center 
bay is expected to meet fish passage criteria without negatively affecting flood 
conveyance.  The natural fishway should be less susceptible to sediment deposition as 
the rock weirs and pools provide for flushing of coarse sediment during high flow 
events.  The roughened rock ramp does not have baffles that capture sediment and is 
similar in form and function to the upstream riprap reach.  Although the pools in the 
boulder step-pool sequence could capture some sediment, EDF values in excess of 3 
during larger events are expected to provide for scouring of sediment during high flow 
events.  The boulder step-pool sequence is also based on empirical information of 
stable step-pool channels.  The natural channel design should only require nominal 
maintenance to remove large debris lodged in the channel. 
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7.3 Sediment Basin Fish Passage Improvements 

The sediment basin has been identified as a hindrance to fish passage (USACE, 2002).  
The processes which hinder fish passage through the sediment basin are not defined in 
USACE (2002) nor in other supporting Wildcat Creek documents reviewed for this 
study.  It is assumed that fish passage is hindered by the depositional regime of the 
sediment basin.  Large deposits of sediment could block the fish ladder entrance and 
produce braided stream channels through the sediment basin.  Dispersion of flow 
through a braided network may result in channels with insignificant depth for passage.  
Fish passage is likely also hindered following the sediment maintenance, when the wide 
and deep pool does not have significant velocity to direct the fish upstream.  The 
objective of fish passage improvements to the sediment basin is to create conditions 
favorable for producing a single thread channel through the basin which will not 
negatively impact the sediment capturing ability of the sediment basin.   

The channel geometry of the sediment basin is variable over time due to sediment 
deposition.  Sediment deposition is episodic and adjustments to the sediment basin 
channel geometry is a function of the number and magnitude of flow events which occur 
between basin maintenance.  Fish passage conditions are therefore difficult to predict.  
It is proposed to construct two dikes within the basin to help promote the development 
of a single thread low flow channel through the basin.   

Two dikes will be constructed laterally across the sediment basin and extend to within 
60 feet of the opposite bank leaving a 60 foot wide opening between the end of the dike 
and the opposite end of the basin.  The upstream dike would have the notch on the 
North bank, to push the main core of the flow further away from the sediment basin 
outflow, and the downstream dike would leave the notch on the south side of the basin.   
The notch width is based on the expected top width of a self formed channel carrying 
500 cfs in the silty sand deposition in the basin.  These channel dimensions were 
determined using procedures identified in EM 1110-2-1418, Channel Stability 
Assessment for Flood Control Projects.  The dikes would be constructed with a top 
elevation of about 17.5 ft NAVD88, just below the expected water surface elevation in 
the basin during a 500 cfs event, which is approximately the mean annual peak 
discharge.  This configuration would allow the dikes to function as roughness elements 
during extreme flow events.  The notches would push low flow (flows less than 500 cfs) 
through into a concentrated area reducing the likelihood of braided channels occurring 
and promoting a single string flow low flow channel though the sediment deposits.  
Appendix D shows the hydraulic modeling of these structures in ADH.  

This design could be incorporated into a widened sediment basin if this measure is 
adopted as well, although further analysis would be required to refine the design for an 
enlarged basin.  The number of structures would be kept to a minimum (likely two) and 
the geometry simple as to not inhibit basin maintenance.  For larger basin sizes, the 
dikes would likely be raised to increase the flow path of larger flows as well.  Figure 
7-10 shows a conceptual layout of the baffles in the existing sediment basin. 

Results of the ADH modeling (Appendix D) show the presence of the dikes focused 
deposition further upstream.  Addition of the dikes reduced detention basin volume from 
that of the existing conditions, which resulted in a reduction in the trap efficiency.  
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During the simulation with a constant inflow of 500 cfs over 5 days the trap efficiency 
decreased by about 1% from the without dike to the with dike condition.  Increasing the 
size of the sediment basin would likely offset this effect.  Furthermore, increasing the 
basin size would likely require addition of dikes to avoid short circuiting of flows and 
enhancing sediment deposition within the basin.  

The construction of these structures would likely require the placement and compaction 
of fine soil excavated as part of the channel reconstruction or deposits from the 
sediment basin.  As velocities through the sediment basin are generally less than 3 feet 
per second (Appendix D), natural vegetation such as grass would likely prevent erosion 
as well as provide ecosystem benefits (Fischenich, 2001).    
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7.4 Preliminary Opinion of Probable Costs 

NHC developed estimates of the probable costs for the fish bypass and sediment basin 
widening measures.  These costs are based on quantities developed from the 
conceptual design of the refined measures. Unit costs are generally based on previous 
experience and recent bids for similar work.  All costs were increased by 20% to 
account for uncertainty in elements involved in the work and bid prices.  The total cost 
for each measure is summarized in Table 7-3. 

Table 7-3. Opinion of Probable Costs 
Measure Opinion of Probable 

Cost 
In-Channel Fish Passage Channel – Roughened Rock 
Channel 

$539,000

In-Channel Fish Passage Channel – Concrete Baffles $540,000
South Bypass Measure – Treatment A 
(Jack and Bore Pipe Crossing at UPRR) 

$3,330,000

South Bypass Measure – Treatment A 
(Channel Excavation at UPRR) 

$3,550,000

South Bypass Measure – Treatment B 
(Jack and Bore Pipe Crossing at UPRR) 

$2,840,000

South Bypass Measure – Treatment B 
(Channel Excavation at UPRR) 

$3,120,000

Sediment Basin Alternatives 
Training Dikes in Existing Basin $15,000
Widen Basin by 100 feet w/Training Dikes $264,000
Widen Basin by 200 feet w/Training Dikes $464,000

The cost for both In-channel fish passage measures is several times less expensive 
than the South Bypass Measure.  The estimated cost is about $539,000 for the Natural 
Channel design and $540,000 for the Concrete Baffle design.  The cost of the South 
Bypass Measure ranges from a low of $2,800,000 for a bypass that bypasses the 
concrete flood control channel and crosses the UPRR Bridge with a culvert.  Excavating 
and installing a concrete channel beneath the UPRR Bridge is likely to increase the cost 
by about $240,000.  Constructing a South bypass channel that extends from upstream 
of the concrete flood control channel to downstream of the sediment basin is likely to 
cost about $3,330,000.  This cost assumes that a culvert can be constructed under the 
UPRR Bridge by the specified methods for the bypass channel to function.   

The cost to modify the sediment basin ranges from about $15,000 to construct training 
dikes in the existing basin to about $464,000 to excavate about 70,000 cubic yards to 
increase the basin size and construct training dikes.   

7.5 Comparison of Measures  

Four measures were developed to improve fish passage past the sediment basin and 
concrete section: (1) Concrete baffle In-channel fish passage channel with sediment 
basin modifications, (2) Nature-like fishway with sediment basin modifications, (3) South 
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bypass of concrete channel with sediment basin modifications, (4) South bypass of 
concrete channel and sediment basin.  The South bypass measures include two 
construction treatments to cross the UPRR Railroad.  These treatments include jacking 
and boring a culvert crossing or excavating a channel crossing beneath the UPRR 
Bridge. 

NHC’s preliminary analyses confirm that all proposed measures can meet the goals of 
the project.  These goals include providing hydraulic conditions that meet NOAA and 
DFG fish passage criteria, not adversely affect sediment passage through the rip rap 
and supercritical channels, and maintaining the hydraulic capacity of the flood control 
channel.  Measures that require adding training dikes to the sediment basin to provide 
fish passage would require the basin to be enlarged to ensure that the existing trap 
efficiency was not reduced.  However, increasing the sediment trapping capacity of the 
sediment basin is part of the larger goal of the flood control project to minimize sediment 
deposition in the reach downstream of the sediment basin. 

Although fish passage criteria can be met with any of the proposed measures, it is more 
difficult to compare the potential effectiveness of these measures to pass fish and the 
energetic demand that the measures have on upmigrating steelhead.  The in-channel 
fish passage measures have the benefit of maintaining the fish in the channel and 
reducing the chances that they will be delayed because the entrance to the bypass 
channel may not be easily discovered.  During the range of fish passage flows, a fish 
bypass channel would convey the majority of the stream flow making it easily 
discovered.  However, if upmigrating steelhead missed the entrance to the South 
bypass measure that bypasses the sediment basin, they would likely be trapped in the 
sediment basin with little chance of finding the bypass inlet.   

All of the fish bypass measures will require periodic inspection and maintenance.  In 
general, maintenance access to the in-channel passage channel will be limited by flows 
in the creek, whereas debris can be cleared from the South bypass measures during a 
wider range of flows.  Maintaining the in-channel fish passage channel will generally be 
easier than the bypass measures as sediment will not need to be removed from a 
relatively narrow and deep channel as it will be required with the South bypass 
measures.  

The development of probable costs for each measurement is discussed in Section 7.4.  
Appendix E provides the cost estimate sheets and Table 7-3 compares the cost of each 
measure.  Possibly one of the most significant differences between the measures is the 
construction cost.  Preliminary cost estimates for the in-channel option are about one 
fifth the cost of the least expensive South bypass measure.   

Another consideration for comparison of measures includes the impacts to adjacent 
properties and utilities.  The in-channel fish passage channel presents the fewest 
conflicts and likely requires the least amount of coordination with the UPRR and 
adjacent landowners.  The UPRR will likely carefully review any option that proposes to 
place a channel or culvert near their bridge abutment and require guarantees that 
construction activities will not interfere with their operations.  The South bypass will 
likely cause temporary disturbance to the properties south of the channel during 
construction and may require temporary construction easements.     
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The proposed project lies in a heavily urbanized area and is frequently accessed by 
trespassers as noted by the graffiti and first hand observation during site 
reconnaissance (Appendix F).  Construction of either the concrete baffle or roughened 
rock in-channel fish passage channels is unlikely to significantly increase trespassers’ 
exposure to unsafe conditions.  The South bypass creates a relatively narrow and deep 
channel and although exclusion fences and signage will be installed to prevent access 
and warn of dangerous conditions, the South bypass channel is likely to pose a 
significant safety hazard to trespassers.  

Table 7-4 summarizes the comparison between the measures discussed above.  Based 
on the information reviewed and developed for this study, the in-channel fish passage 
measure appears to be a more cost effective option to provide fish passage past the 
sediment basin and concrete channel.  Unlike the South bypass measure, the in-
channel measure does not require modifications to the upstream riprap reach and would 
be unlikely to affect sedimentation processes upstream. The in-channel improvements 
should also be adaptable to changes to the sediment basin.  At an August 29, 2013 
project meeting at the USACE San Francisco office with USACE and County officials, it 
was decided to proceed with in-channel nature-like fishway to 65% plans.   
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Table 7-4. Comparison of treatment options for fish passage. 

Criteria 

Measure 

South 
Bypass 

Treatment 
A 

South 
Bypass 

Treatment 
B w/o 

baffles in 
Sediment 

Basin 

South 
Bypass 

Treatment 
B with 

baffles in 
Sediment 

Basin 

In-channel 
Improvements 

(concrete 
baffles or 

roughened 
rock channel) 
without Baffles 

in Sediment 
Basin 

In-channel 
Improvements 
with Baffles in 

Sediment 
Basin 

Juvenile Fish 
Passage 
past 
Concrete 
Structure 

Yes Yes Yes Yes Yes 

Adult Fish 
Passage 
past 
Concrete 
Structure 

Yes Yes Yes Yes Yes 

Juvenile Fish 
Passage 
past/through 
Sediment 
Basin 

Yes No Yes No Yes 

Adult Fish 
Passage 
past/through 
Sediment 
Basin 

Yes No Yes No Yes 

Effect on 
Sediment 
Basin Trap 
Efficiency 

5%-20% 
reduction 

in high 
flows 

None 

Small 
reduction 
for fines in 
suspension 

None 

Small 
reduction for 

fines in 
suspension 

Maintenance 
Access 

Poor Poor Poor Poor Poor 

Cost (x 
$1,000) 

3,325 2,840 2,855 539 - 540 554 

Ease of 
Sediment 
Removal  

Poor Poor Poor Fair Fair 

Safety 
Hazard 

High High High Moderate Moderate 
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8.0 NATURE-LIKE FISHWAY 65% DESIGN 
The nature-like fishway was selected as the preferred alternative to advance to a final 
65% design.  The key refinement of design at the 65% design level includes replacing 
the engineered streambed material and boulder step pools with cast-in-place concrete.  
The roughened channel will consist of a reinforced concrete bed with boulder buttresses 
and emergent boulders cast into the channel.  The step-pool system has been replaced 
with a reinforced concrete design with constant pool lengths.  Half-size copies of the 
65% designs are included in Appendix G of this document. 

8.1 In-Channel Improvements 
The 1% slope roughened channel will maintain the trapezoidal channel shape and invert 
elevation as developed in the 30% designs.  The proximity of the roughened channel to 
the UPRR bridge pier foundation requires a stable channel design unlikely to adjust 
during extreme flow events.  The confined channel width creates high unit discharges 
during extreme flow events.  Due to the sensitivity of the location, the roughened rock 
channel was replaced with a concrete channel.   
 
The boulder buttresses will emerge 0.5 feet to 1 foot above the finished concrete bed 
and placed every 50 feet along the channel.  Concrete will be used to seal around the 
boulders.  The buttresses are intended to trap sediment in the lower 0.5 feet or so of the 
channel, creating a natural streambed.  The emergent boulders and irregularities of the 
natural boulder buttress surfaces will help create hydraulic diversity in the channel and 
induce hydraulic drag during fish passage flows.  Spatial and temporal variability in 
sediment deposition in the streambed will help produce hydraulic diversity.  Keeping the 
boulders low in the channel will help facilitate the passage of debris.   
 
Hydraulics through the roughened channel can be estimated using normal depth 
relationships.  Depths and velocities will likely be variable due to the irregular natural 
bottom and therefore depths are reported above the concrete.  A manning’s n of 0.05 is 
expected to be representative of the channel condition with emergent boulders and 
sediment deposition.   
 
Table 8.1: Normal Depths and Velocities through Roughened Rock Channel 

Flow Rate (cfs) Max Depth (ft) Average Velocity (ft/s) 
1 0.7 1.0 
3 0.9 1.5 
20 1.7 2.6 
40 2.2 3.1 

 
The step-pool system will maintain the 0.5 foot drop height between weirs and vortex 
weir shape as a natural boulder step pool system developed in the 30% designs.  As 
with the roughened channel, the step pool system was revised to a cast in place 
concrete design to increase channel stability.  Failure of the step-pool system could 
result in a headcut forming and undermining the UPRR bridge peir.  Using reinforced 
concrete to form the channel significantly reduces this risk.   
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The invert elevation of the downstream end of the existing Denil ladder is about 6.8 feet 
NAVD88.  Results of the HEC-RAS modeling discussed in Section 4 show water levels 
at the downstream weir of the sediment basin are likely to be above 11.9 feet for all 
flows above 1 cfs.  When the sediment basin is empty, this water level would reach up 
to the downstream edge of the fishway.  As the sediment basin fills, the water level at 
the downstream edge of the fishway would increase.  The invert of downstream weir of 
the fishway is set at 11.9 feet to account for potential future changes in the downstream 
channel due to flood capacity improvements.  Improvements to the downstream channel 
may lower water levels at the weir located at the downstream edge of the sediment 
basin, however a sensitivity analysis of the weir in HEC-RAS show decreases in water 
levels at the weir should be less than 0.5 feet.  Setting the invert of the downstream weir 
of the step pool reach at 11.9 feet reduces the average slope through the revised step 
pool design to about 4.2%.   
 
The geometry of the step-pool design is intended to focus flow and debris through the 
center of the channel.  The vortex weirs are 2.5 feet lower at the channel center than at 
the channel edges accelerating flow through the center of the channel.  The upstream 
face of the weirs is sloped at 1H:1V to better facilitate debris and sediment to be pushed 
up and over the weirs.  The 2H:1V sloping sidewalls will help keep sediment and debris 
in the center of the channel.  The low point of the weirs should become submerged 
when flow through the basin reaches about 5 cfs.  At flows above 5 cfs, the design 
should function similar to a chute-pool system with streaming flow through the center of 
the pools and plunging flow over the edge of the weirs.  The pool depths will be 3.5 feet 
below the upstream weir crest. 
 
Table 8.2: Pool volumes and EDF in step pool sequence 
Flow (cfs) Pool Volume (ft3) EDF (ft-lb/s/ft3) 
1 250 0.1 
10 315 1.0 
20 355 1.8 
40 405 3.1 
 

8.2 Sediment Basin 65% Design Improvements 
The sediment basin design was refined to include dredging platforms along the right 
(north) bank of the sediment basin.  The intention of the dredging platforms is to provide 
access for a long reach excavator to re-open a single thread low flow channel if 
necessary.  The dredging platforms would be located high enough to allow dredging 
when the sediment basin is too wet to allow equipment access.  The width of the 
downstream dike was also widened to allow equipment access further out into the 
sediment basin.  This dike was also considered for design as a dual function training 
structure and equipment ramp into the basin, however design constraints for hydraulic 
function and safe equipment access slopes could not both be satisfied. 
 
The dredging platforms could be included under an adaptive management plan for the 
basin.  It is expected that the dikes will function to create a single thread channel 
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through the sediment basin, however neither analog sites of similar designs nor design 
guidelines for such a design were found in developing the design.  Although the design 
is well founded on geomorphic principals, the lack of empirical design guidance makes 
the dike design relatively experimental.  We suggest an adaptive management 
approach to monitor the basin low flow channel for a short period (1 to 3 winters) as the 
basin fills and identify locations, if any, where low flow passage is impaired though the 
sediment basin.  Based on these observations, new orientations of the flow dikes could 
be tried or dredging platforms could be optimally placed to allow maintenance to re-
open low flow channels as required.   

8.3 Expected Construction Sequence 
It is anticipated that the fishway would be constructed during the summer months when 
mean daily flows in lower Wildcat Creek are less than 1 cfs. Temporary water diversion 
structures will be installed in the rip rap reach, and a 12 inch HDPE pipe will route water 
into the right (north) channel of the concrete structure.  A second dewatering structure 
will be placed at the downstream end of the right channel and a short section of pipe will 
carry diverted flows to the center of the sediment basin.  Construction staging and 
storage will be in the County right-of-way on the right bank of the sediment basin. 
 
Construction of the fishway would likely proceed from upstream to downstream with 
access from the downstream side.  The initial task would include saw cut, demolition, 
and removal of the existing low flow channel.  The roughened channel would be 
excavated and placed in approximate 50 foot sections.  The 50 foot sections will likely 
be placed between the boulder buttresses.  Boulders would therefore be placed during 
excavation.  The subsurface would be prepared by compacting the top of channel and 
possibly placing subbase if required.  Rebar would be placed for each section between 
boulders, and a pump truck would likely be required to place the concrete.  
 
The step pool system would likely be placed upstream to downstream as well.  With the 
exception of the upstream pool which would be constructed with both its upstream and 
downstream weirs, each pool being placed individually with its downstream weir.  Due 
to the steep excavation beneath the splitter wall footings, the splitter walls will be 
stabilized with temporary shoring.  The pools will be excavated, with shoring beneath 
the splitter wall footings as well to retain the foundation soil.  Rebar will be placed, and 
concrete will be placed via a pump truck.     
 
Sediment basin improvements could take place during the fishway construction or 
anytime when the sediment basin is dry enough to excavate.  The placement of the 
dikes would likely be completed with typical excavation equipment and built in 
compacted lifts.  The finished berm would be hydroseeded.  
 
A revised cost estimate for the 65% design is provided on the following page.  
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DATE UPDATED: 2/27/2014
PROJECT: Wildcat Creek Fish Ladder Retro-fit PREPARED BY: JP

CHECKED BY: BW
JOB NUMBER: 50629

CURRENT ENR (2): 9,664

DESCRIPTION: ENGINEER'S (60% DESIGN PHASE) CONSTRUCTION YEAR: 2014
OPINION OF PROBABLE CONSTRUCTION COSTS ADJUSTED ENR (3): 9,664

ITEM NO. DESCRIPTION QTY. UNIT UNIT PRICE
PROJECTED 

PRICE (4)

INSTALL 

ADJ. (1) TOTAL

1 MOBILIZATION AND DEMOBILIZATION 1 LS 45,536$            45,536$                1.00 $45,536

2 SITE PREPARATION

2.1 Site Fencing 1100 LF 4$                    4$                         1.00 $4,400

2.2 Tree Fencing 200 LF 4$                    4$                         1.00 $800

2.3 Protect utility crossing (out of current project footprint) 0 LS -$                 -$                      1.00 $0

3 SITE DEWATERING

3.1 Diversion and piping 1 LS 5,000$             5,000$                  1.00 $5,000

4 SITE DEMOLITION AND EXCAVATION

4.1 Existing center fishway concrete demo 255 CY 300$                300$                     1.00 $76,500

4.2 Concrete Disposal 530 TON 17$                  17$                       1.00 $9,010

4.3 Shoring 325 SY 60$                  60$                       1.00 $19,500

4.4 Excavation 1100 CY 40$                  40$                       1.00 $44,000

4.5 Refuse Material Offhaul 1100 CY 18$                  18$                       1.00 $19,800

5 CONSTRUCT FISHWAY IMPROVEMENT (101+27 TO 102+95)

5.1 Construct fishway structure (floor) 133 CY 850$                850$                     1.00 $113,050

5.2 Construct fishway structure (walls and extension) 35 CY 650$                650$                     1.00 $22,750

6 ROUGHENED CHANNEL (102+95 TO 105+40)

6.1 Boulder Material (Placement and Pin) 300 TON 120$                120$                     1.00 $36,000

6.2 Construct reinforced concrete floor 123 CY 850$                850$                     1.00 $104,550

Fish Ladder Improvement Subtotal $500,896

Contingency (10%) $50,090

Subtotal with Contingency $550,986

7 SEDIMENT BASIN IMPROVEMENTS

7.1a Add baffles to sediment basin (compact earth) 1000 CY 25$                  25$                       1.00 $25,000

Sediment Improvement Subtotal $25,000

Contingency (10%) $2,500

Subtotal with Contingency $27,500

Total Construction Cost $578,486

Notes:
1.  Unit costs include installation if value equals 1.00
2. Adjusted ENRCCI is projected (assuming 2.6% annual inflation for construction costs) to the midpoint of   
    construction scheduled for 2015.
4. Projected Price is the unit price multiplied by the ratio of the adjusted and the current ENRCCI.
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9.0 SUMMARY 

This report provides conceptual designs of the measures outlined in the WES Study 
Report (USACE 2002) for improving fish passage on Reach 3 on Wildcat Creek 
(Section 7).  The report identifies fish passage design flows (Section 2) and outlines 
hydraulic criteria for both adult and juvenile salmonid upstream and downstream 
passage (Section 3).  Existing hydraulic and sedimentation processes through Reach 3 
were evaluated using the two-dimensional depth averaged ADH hydrodynamic and 
sediment transport model.  Proposed conditions are compared to the baseline existing 
conditions (Sections 4 and 5). 

Section 6 reviews the conceptual fish passage improvement alternatives originally 
defined by WES.  Section 7 refines the WES alternatives to a 30% engineering level 
and includes additional NHC modified designs.  Section 7 also compares and evaluates 
the designs for each conceptual measure based on the identified engineering criteria.  
The in-channel nature-like fishway was identified in Section 7 and agreed upon with the 
USACE and the County to bring to a 65% design.  Section 8 summarizes the design 
revisions in the 65% design drawings (Appendix G). 

The 65% design provided in Appendix G of this document meets NOAA and CDFW 
criteria to allow fish passage through the study site.  The design is intended to be 
adaptable to other improvements to include flood capacity and function to Wildcat 
Creek.  The design is intended to function with sediment deposition in the channel and 
should facilitate the passage of large debris.  An adaptive management approach is 
recommended for the sediment basin design.  The management approach would 
include reorienting the sediment basin dikes during routine sediment basin 
maintenance, or providing dredging platforms to open up single thread low flow 
channels if the dikes do not provide for and improve fish passage conditions.    
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Appendix A – Site Photographs 
  



 

 
Photograph 1. Sediment Detention Basin Outlet Weir (Flow is from left to right. The sediment basin was recently dredged) 

 
Photograph 2. Sediment Basin Viewed Looking Upstream 

 



 

Photograph 3. Sediment Detention Basin Following Dredging of Downstream Portion of Basin (November 2010) 

 
Photograph 4. Low Flow Channel in Sediment Basin Following Down Stream Dredging (Jan 2011) 



 

 
Photograph 5. Downstream End of Concrete Channel 

 

 
Photograph 6. Denil Ladder Obstructed by Debris (source USACE F3 Report) 



 
Photograph 7. Center Bay Looking Upstream at UPRR Crossing 

 

 
Photograph 8. Debris and Sediment Obstructing Washington Baffles 



 
Photograph 9. View from Center Bay Upstream of Driveway Culvert 

 

 
Photograph 10. Pier Extension near station 104+60 



 

 

Photograph 11. Upstream End of Concrete Channel 
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Appendix C – Base Map 
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Appendix D – ADH Hydraulic Model 
Results  

 
 
 
 
 
 



 

Figure D.1: Velocity through riprap channel, concrete channel, and detention basin during 1% AEP flow (Q=2300 cfs, WSEL in basin=23feet 

NAVD88). 

 



 

Figure D.2: Velocity through concrete channel during 1% AEP flow (Q=2300 cfs, WSEL in basin=23 feet NAVD88). 

 



 

Figure D.3: Flow Depth through concrete channel during 1% AEP flow (Q=2300 cfs, WSEL in basin=23 feet NAVD88). 

 

 



 

Figure D.4: Froude Number through concrete channel during 1% AEP flow (Q=2300 cfs, WSEL in basin=23 feet NAVD88). 

 



 

Figure D.5: Flow Depth with velocity vectors at the entrance to the concrete channel during 1% AEP flow (Q=2300 cfs, WSEL in basin=23 feet 

NAVD88). 



 

Figure D.6: Flow velocity contours with velocity vectors at the entrance to the concrete channel during 1% AEP flow (Q=2300 cfs, WSEL in 

basin=23 feet NAVD88). 



 

 

Figure D.7: Velocity through riprap channel, concrete channel, and detention basin during 500 cfs flow (WSEL in basin=15.7 ft NAVD88). 



 

Figure D.8: Velocity through concrete channel during 500 cfs flow (WSEL in basin=15.7  ft NAVD88). 



 

Figure D.9: Flow depth through concrete channel during 500 cfs flow (WSEL in basin=15.7 ft NAVD88). 



 

 

Figure D.10: Froude number in the concrete channel during 500 cfs flow (WSEL in basin=15.7 ft NAVD88). 



 

Figure D.11: Flow depth with velocity vectors in the entrance to the concrete channel during 500 cfs flow (WSEL in basin=15.7 ft NAVD88). 



 

Figure D.12: Velocity contours and vectors in the entrance to the concrete channel during 500 cfs flow (WSEL in basin=15.7 ft NAVD88). 



 

Figure D.13: Velocity through riprap channel, concrete channel, and detention basin during 1% AEP flow (Q=2300 cfs, WSEL in basin=23feet 

NAVD88) with proposed in‐channel improvements. 

   



 

Figure D.14: Velocity through the concrete channel with proposed modified baffles in‐channel improvements during 1% AEP flow (Q=2300 cfs, 

WSEL in basin=23feet NAVD88).  

 



 

Figure D.15: Depth through the concrete channel with proposed modified baffles in‐channel improvements during 1% AEP flow (Q=2300 cfs, 

WSEL in basin=23feet NAVD88). 



 

Figure D.16: Froude Number through the concrete channel with proposed modified baffles in‐channel improvements during 1% AEP flow 

(Q=2300 cfs, WSEL in basin=23feet NAVD88). 



 

 

Figure D.17: Depth Contours and velocity vectors at the entrance to the concrete channel with proposed modified baffles in‐channel 

improvements during 1% AEP flow (Q=2300 cfs, WSEL in basin=23feet NAVD88). 



 

Figure D.18: Velocity Contours and velocity vectors at the entrance to the concrete channel with proposed modified baffles in‐channel 

improvements during 1% AEP flow (Q=2300 cfs, WSEL in basin=23feet NAVD88). 



 

Figure D.19: Velocity at entrance to concrete channel with natural channel design through center basin and Q=170 cfs. 



 

Figure D.20: Depth at entrance to concrete channel with natural channel design through center basin and Q=170 cfs. 

 



 

Figure D.21: Water Surface Elevation at entrance to concrete channel with natural channel design through center basin and Q=170 cfs. 

   



 

Figure D.22: Velocity through riprap channel, concrete channel, natural channel channel design center bay, and detention basin during the 1% 

AEP flow (Q=2300 cfs, WSEL in basin=18feet, NAVD88) 

 

   



 

Figure D.23: Water Surface Elevation through r channel, concrete channel, natural channel design center bay, and detention basin during the 1% 

AEP flow (Q=2300 cfs, WSEL in basin=18feet, NAVD88) 

   



 

 

FigureD.24: Comparison of Water Surface Elevation through riprap channel, concrete channel, and detention basin during the 1% AEP flow 

(Q=2300 cfs, WSEL in basin=18feet, NAVD88). Negative numbers represent areas where water surface elevation is lower during design 

conditions, while positive values indicate areas where water surface elevation increases. 



 

Figure D.25: Velocity Contour plot for 2300 cfs passing through the sediment basin widened 200 feet with baffles installed. 



 

Figure D.26: Velocity Contour plot for 2300 cfs passing through the sediment basin widened 200 feet without any baffles installed. 



 

Figure D.27: Velocity Contour plot for 500 cfs passing through the sediment basin widened 200 feet with baffles installed. 



 

Figure D.28: Velocity Contour plot for 500 cfs passing through the sediment basin widened 200 feet without any baffles installed. 



 

Figure D.29: Velocity Contour plot for 170 cfs passing through the sediment basin widened 200 feet with baffles installed.



 

Figure D.30: Velocity Contour plot for 170 cfs passing through the sediment basin widened 200 feet without any baffles installed. 

   



 

Figure D.31: Velocity Contour plot for 2300 cfs passing through the sediment basin widened 100 feet with baffles installed. 



 

Figure D.32: Velocity Contour plot for 2300 cfs passing through the sediment basin widened 100 feet withou baffles installed. 



 

Figure D.33: Velocity Contour plot for 500 cfs passing through the sediment basin widened 100 feet with baffles installed. 



 

 

Figure D.34: Velocity Contour plot for 500 cfs passing through the sediment basin widened 100 feet without baffles installed. 



 

Figure D.35: Velocity Contour plot for 170 cfs passing through the sediment basin widened 100 feet with baffles installed. 



 

 

Figure D.36: Velocity Contour plot for 170 cfs passing through the sediment basin widened 100 feet without baffles installed. 



 

Figure D.37: Velocity Contour plot for 2300 cfs passing through the existing sediment basin with baffles installed. 

 

 



 

Figure D.38: Velocity Contour plot for 2300 cfs passing through the existing sediment basin without baffles installed. 



 

Figure D.39: Velocity Contour plot for 500 cfs passing through the existing sediment basin with baffles installed. 

   



 

Figure D.40: Velocity Contour plot for 500 cfs passing through the existing sediment basin without baffles installed. 

   



 

Figure D.41: Velocity Contour plot for 170 cfs passing through the existing sediment basin with baffles installed. 

   



 

Figure D.42: Velocity Contour plot for 170 cfs passing through the existing sediment basin without baffles installed 

 



 

 
 

 

Appendix E- Probable Costs 
   



Northwest Hydraulic Consultants DATE CREATED: 6/30/2011

DATE UPDATED: 7/10/2011

PROJECT: Wildcat Creek Fish Passage Improvements PREPARED BY: BGW

CHECKED BY: JH

JOB NUMBER: 50629

CURRENT (2): 1

DESCRIPTION: ENGINEER'S OPINION OF CONSTRUCTION YEAR: 2011
PROBABLE CONSTRUCTION COSTS ADJUSTED (3): 1.00

South Bypass Measure- Treatment A

ITEM NO. DESCRIPTION QTY. UNIT
UNIT 

PRICE
PROJECTED 

PRICE (4)

INSTALL 

ADJ. (1) TOTAL

1.0 Concrete demolition 0 CY $300 $300 1.00 $0

2.0 Concrete disposal 0 TON $17 $17 1.00 $0

3.0 Excavation 4500 CY $40 $40 1.00 $180,000

4.0 Off‐Haul 5175 CY $18 $18 1.00 $93,200

5.0 Concrete Walls 650 CY $1,600 $1,600 1.00 $1,040,000

6.0 Concrete Floors 270 CY $1,000 $1,000 1.00 $270,000

7.0 Grouted Rock 450 CY $50 $50 1.00 $22,500

8.0 Shoring 17550 SF $60 $60 1.00 $1,053,000

9.0 Upstream Channel Inlet 1 LS $1,000 $1,000 1.00 $1,000

10.0 Exclusion Fencing 650 LF $5 $5 1.00 $3,300

11.0 Utility Crossings 2 LS $750.00 $750 1.00 $1,500

SUBTOTAL $2,664,500

12.0 UPRR Crossing- Option A (Jack and Bore Pipe Crossing)

12.1 6 foot Diameter Pipe with Baffles 70 LF $110 $110 1.00 $7,700

12.2 Jack and Bore Staging 1 LS $50,000 $50,000 1.00 $50,000

12.3 Jack and Bore 70 LF $700 $700 1.00 $49,000

SUBTOTAL (for Option A) $106,700

13.0 UPRR Crossing - Option B (Excavation)

13.10 Excavation 530 CY $40 $40 1.00 $21,200

13.20 Shoring 2030 SF $60 $60 1.00 $121,800

13.30 Concrete Floor 30 CY $1,000 $1,000 1.00 $30,000

13.4 Concrete Walls 75 CY $1,600.00 $1,600 1.00 $120,000

SUBTOTAL (for Option B) $293,000

Estimating Contingency (Items 1-12) 20 % $554,240

Estimating Contingency (Items 1-11, 13) 20 % $591,500

TOTAL CONSTRUCTION COSTS (with Option A crossing) $3,325,400

TOTAL CONSTRUCTION COSTS (with Option B crossing) $3,549,000

Notes:

1.  Unit costs include installation if value equals 1.00

2. Current CCI is set to 1.
3. Adjusted Cost Increase assumes 2% annual inflation for construction costs   

4. Projected Price is the unit price multiplied assumed annual inflation for construction costs.



Northwest Hydraulic Consultants DATE CREATED: 6/30/2011

DATE UPDATED: 7/10/2011

PROJECT: Wildcat Creek Fish Passage Improvements PREPARED BY: BGW

CHECKED BY: JH

JOB NUMBER: 50629

CURRENT (2): 1

DESCRIPTION: ENGINEER'S OPINION OF CONSTRUCTION YEAR: 2011
PROBABLE CONSTRUCTION COSTS ADJUSTED (3): 1.00

South Bypass Measure- Treatment B

ITEM NO. DESCRIPTION QTY. UNIT
UNIT 

PRICE
PROJECTED 

PRICE (4)

INSTALL 

ADJ. (1) TOTAL

1.0 Concrete demolition 0 CY $300 $300 1.00 $0

2.0 Concrete disposal 0 TON $17 $17 1.00 $0

3.0 Excavation 4500 CY $40 $40 1.00 $180,000

4.0 Off‐Haul 5175 CY $18 $18 1.00 $93,200

5.0 Concrete Walls 400 CY $1,000 $1,000 1.00 $400,000

6.0 Concrete Floors 240 CY $1,600 $1,600 1.00 $384,000

7.0 Sediment & Debris Structures 1 LS $1,000 $1,000 1.00 $1,000

8.0 Shoring 20000 SF $60 $60 1.00 $1,200,000

9.0 Upstream Channel Inlet 1 LS $1,000 $1,000 1.00 $1,000

10.0 Utility Crossings 1 LS $1,000 $1,000 1.00 $1,000

SUBTOTAL $2,260,200

11.0 UPRR Crossing- Option A (Jack and Bore Pipe Crossing)

11.1 6 foot Diameter Pipe with Baffles 70 LF $110 $110 1.00 $7,700

11.2 Jack and Bore Staging 1 LS $50,000 $50,000 1.00 $50,000

11.3 Jack and Bore 70 LF $700 $700 1.00 $49,000

SUBTOTAL (for Option A) $106,700

12.0 UPRR Crossing - Option B (Excavation)

12.10 Excavation 550 CY $40 $40 1.00 $22,000

12.20 Shoring 2500 SF $60 $60 1.00 $150,000

12.30 Concrete Floor 31 CY $1,000 $1,000 1.00 $31,000

12.4 Concrete Walls 88 CY $1,600.00 $1,600 1.00 $140,800

SUBTOTAL (for Option B) $343,800

Estimating Contingency (Items 1-11) 20 % $473,380

Estimating Contingency (Items 1-10, 12) 20 % $520,800

TOTAL CONSTRUCTION COSTS (with Option A crossing) $2,840,300

TOTAL CONSTRUCTION COSTS (with Option B crossing) $3,124,800

Notes:

1.  Unit costs include installation if value equals 1.00

2. Current CCI is set to 1.
3. Adjusted Cost Increase assumes 2% annual inflation for construction costs   

4. Projected Price is the unit price multiplied assumed annual inflation for construction costs.



Northwest Hydraulic Consultants DATE CREATED: 6/30/2011

DATE UPDATED: 7/10/2011

PROJECT: Wildcat Creek Fish Passage Improvements PREPARED BY: BGW

CHECKED BY: JH

JOB NUMBER: 50629

CURRENT (2): 1

DESCRIPTION: ENGINEER'S OPINION OF CONSTRUCTION YEAR: 2011
PROBABLE CONSTRUCTION COSTS ADJUSTED (3): 1.00

In-Channel Improvements Measure

ITEM NO. DESCRIPTION QTY. UNIT
UNIT 

PRICE
PROJECTED 

PRICE (4)

INSTALL 

ADJ. (1) TOTAL

1.0 Concrete demolition 101 CY $300 $300 1.00 $30,300

2.0 Concrete disposal 215 TON $17 $17 1.00 $3,700

3.0 Excavation 219 CY $40 $40 1.00 $8,800

4.0 Off‐Haul 252 CY $18 $18 1.00 $4,500

5.0 Concrete Walls 50 CY $1,000 $1,000 1.00 $50,000

6.0 Concrete Floors 120 CY $1,600 $1,600 1.00 $192,000

7.0 Baffle Structures 6 CY $1,600 $1,600 1.00 $9,600

8.0 Sediment & Debris Structures 1 LS $2,000 $2,000 1.00 $2,000

9.0 Shoring 2900 SF $60 $60 1.00 $174,000

10.0 Temporary Flow Diversion 1 LS $5,000 $5,000 1.00 $5,000

11.0 Utility Crossing 0 LS $0 $0 1.00 $0

SUBTOTAL $449,600

Estimating Contingency 20 % $89,920

TOTAL CONSTRUCTION COSTS $539,500

Notes:

1.  Unit costs include installation if value equals 1.00

2. Current CCI is set to 1.
3. Adjusted Cost Increase assumes 2% annual inflation for construction costs   

4. Projected Price is the unit price multiplied assumed annual inflation for construction costs.



Northwest Hydraulic Consultants DATE CREATED: 6/12/2013

DATE UPDATED:

PROJECT: Wildcat Creek Fish Passage Improvements PREPARED BY: BGW

CHECKED BY: BRH

JOB NUMBER: 50629

CURRENT (2): 1

DESCRIPTION: ENGINEER'S OPINION OF CONSTRUCTION YEAR: 2011
PROBABLE CONSTRUCTION COSTS ADJUSTED (3): 1.00

In-Channel Improvements Measure

ITEM NO. DESCRIPTION QTY. UNIT
UNIT 

PRICE
PROJECTED 

PRICE (4)

INSTALL 

ADJ. (1) TOTAL

1.0 Concrete demolition 270 CY $300 $300 1.00 $81,000

2.0 Concrete disposal 580 TON $17 $17 1.00 $9,900

3.0 Excavation 900 CY $40 $40 1.00 $36,000

4.0 Off‐Haul 1035 CY $18 $18 1.00 $18,600

5.0 Concrete Walls 50 CY $1,000 $1,000 1.00 $50,000

6.0 Boulder Material and Placement 300 TON $120 $120 1.00 $36,000

7.0 Rock Material and Placement 1200 TON $100 $100 1.00 $120,000

8.0 Sediment and Debris Structures 0 LS $0 $0 1.00 $0

9.0 Shoring 2900 SF $60 $60 1.00 $174,000

10.0 Temporary Flow Diversion 1 LS $5,000 $5,000 1.00 $5,000

11.0 Utility Crossing 0 LS $0 $0 1.00 $0

SUBTOTAL $449,500

Estimating Contingency 20 % $89,900

TOTAL CONSTRUCTION COSTS $539,400

Notes:

1.  Unit costs include installation if value equals 1.00

2. Current CCI is set to 1.
3. Adjusted Cost Increase assumes 2% annual inflation for construction costs   

4. Projected Price is the unit price multiplied assumed annual inflation for construction costs.



Northwest Hydraulic Consultants DATE CREATED: 6/30/2011

DATE UPDATED: 7/10/2011

PROJECT: Wildcat Creek Fish Passage Improvements PREPARED BY: BGW

CHECKED BY: JH

JOB NUMBER: 50629

CURRENT (2): 1

DESCRIPTION: ENGINEER'S OPINION OF CONSTRUCTION YEAR: 2011
PROBABLE CONSTRUCTION COSTS ADJUSTED (3): 1.00

Sediment Basin Alternatives

ITEM NO. DESCRIPTION QTY. UNIT
UNIT 

PRICE
PROJECTED 

PRICE (4)

INSTALL 

ADJ. (1) TOTAL

1.0 Add Baffles to Existing Basin
1.1 Baffles 500 CY $25 $25 1.00 $12,500

Estimating Contingency 20 % $2,500

TOTAL $15,000

2.0 Widen Basin 100 feet- Add Baffles

2.1 Excavation 39500 CY $5 $5 1.00 $197,500

2.2 Baffles 900 CY $25 $25 1.00 $22,500

Estimating Contingency 20 % $44,000

TOTAL $264,000

3.0 Widen Basin 200 feet- Add Baffles

3.1 Excavation 70500 CY $5 $5 1.00 $352,500

3.2 Baffles 1350 CY $25 $25 1.00 $33,800

Estimating Contingency 20 % $77,260

TOTAL $463,560

Notes:

1.  Unit costs include installation if value equals 1.00

2. Current CCI is set to 1.
3. Adjusted Cost Increase assumes 2% annual inflation for construction costs   

4. Projected Price is the unit price multiplied assumed annual inflation for construction costs.



 
 

 

 
 

Appendix F- Site Visit Notes 



 3950 Industrial Blvd., Ste. 100C | W. Sacramento, CA 95691 | 916.371.7400 | www.nhcweb.com 

Site Visit Notes 

Attendees:  Joey Howard (JH), nhc; Brian Wardman (BW), nhc 

Location: Wildcat Creek (Sediment Basin, Fish Ladder, RipRap Reach) 

Project:  50629 

Date(s):  11/18/2010 

Write-up: BW 

Summary 
BW and JH visited the project site on the morning of November 18, 2010.  The site was 
accessed from crossing the bridge at the end of Giaramita St and walking the paved 
walking trail upstream.  JH and BW walked the northern edge of the sediment basin to 
the concrete supercritical structure.  JH and BW walked the middle channel of the 
concrete structure upstream to the riprap channel.  JH and BW walked up the South 
bank of the riprap channel to the BNSF railroad bridge, crossed the riprap channel and 
returned to the concrete structure along the North bank of the riprap reach. BW and JH 
walked the North channel of the concrete structure back to the sediment basin.  BW and 
JH walked the southern edge of the sediment basin. 
 

Flow 
Little to no flow was observed in the channel during the time of the visit.  Water was 
found in channel, but mostly stagnate and flow was not apparent. 

Sediment Basin Observations 
The sediment basin had recently been excavated from about the underground gas 
pipeline crossing downstream to the sediment basin outlet weir (Photo 1).  This 
excavated portion of the sediment basin was ponded with water. The un-excavated 
portion of the basin was muddy.  Deposition downstream of the weir seemed to have 
aggraded to about the top elevation of the weir (Photo 2).  A low flow channel seemed 
to exist through the excavated portion (Photo 4); however we did not determine if it was 
natural or constructed as part of the dredging operations.  Since the stream did not have 
significant, if any, flow the low flow channel hydraulics were not observed. 
 



 
Photo 1: Downstream edge sediment basin (weir to far right). Flagging marks the 
underground gas line. No excavation upstream. 
 

 
Photo 2: Weir on downstream edge of sediment basin.  Flow is from left to right, 
sediment basin on the right.  
 



 
Photo 3: Standing in sediment basin looking upstream.  This looks like a low flow 
channel which has cut itself through the deposition.  Deposition looks to be fine 
grained material.   
 
 

 
Photo 4: Standing on the North bank looking upstream at the sediment basin 
looking upstream.  The low flow channel which has cut itself through the 
deposition is visible.   



 

 
Photo 5: Standing in the concrete supercritical channel looking downstream at 
the sediment basin.  The low flow channel is to the right. Coarse sand and gravel 
found in the sediment.  

Fish Passage Channel 
The fish passage channel was not passable to fish (or flow) when observed. Many 
basins were completely full of vegetation (Photo 6) or blocked by debris (Photo 7).  
Deposition ranged from coarse sand and gravel in unblocked portions of the channel 
(Photo 8) to fine grained material behind debris blockage.   
 
 



 
Photo 6: Section of fish passage channel blocked by vegetation.  A tree can be 
seen growing in the channel in the background.   
 
 
 

 
Photo 7: Section of fish passage channel blocked by debris.  Fine and coarse 
sediment are noticeable behind the blockage. 
 



 
 

 
Photo 8: Coarse grained material deposited in open portion of the channel. 
 

RipRap Reach 
The riprap reach had tall vegetation growing in the low flow portion of the channel.  One 
or two small shrubs were noticeable; however most of the vegetation appeared to be 
cattail or tule.  We expect that this type of vegetation would lay down during large 
events. This vegetation also seems likely to be a source of vegetative debris which 
could induce blockage in the fish channel (Photo 9). Significant deposition was not 
apparent in the riprap channel.  The channel shape was comparable to as-built 
drawings.   
 



 
Photo 9: Standing in the concrete supercritical channel looking upstream at the 
rip rap channel.  The vegetative debris from the vegetation in the riprap channel 
appear to be blocking the fish channel in the foreground.    
 

 
Photo 10: Standing in the concrete supercritical channel looking upstream at the 
rip rap channel.  A low flow channel seems to still exist through the vegetation.   



 
 
 

 
Photo 11: Standing on the north bank of the riprap channel looking upstream 
towards the BNSF railroad bridge.  Cattails are apparent in the low flow channel.  
A single tree/shrub is noticeable in the center of the picture.  Unlike the cattail, 
this type of vegetation is unlikely to lay down during a large flow event.  
 

Concrete Channel 
The concrete channel not including the fish channel appeared to be in good condition. 
No deposition was apparent.  The concrete did not seem damaged and maintained the 
brush finish.   
 



 
Photo 12: Looking downstream in the north channel of the concrete structure.  No 
deposition or vegetation was identified. No apparent damage to the concrete from 
flow, people, or other causes.   
 



 3950 Industrial Blvd., Ste. 100C | W. Sacramento, CA 95691 | 916.371.7400 | www.nhcweb.com 

Site Visit Notes 
Attendees: Joey Howard (JH), nhc; Brian Wardman (BW), nhc; Tim Jensen, Contra Costa 

Flood Control;  Paul Detjens, Contra Costa Flood Control; Bill Firth, SF USACE; 
Irene Lee, SF USACE; Peter LaCivita, SF USACE; others 

Location: Wildcat Creek (Entire 1135 Project Area) 

Project:  50629 

Date(s):  1/21/2011 

Write-up: BW 

Summary 
Contra Costa flood control employees brought nhc and San Francisco USACE 
employees on a field visit of the entire 1135 project area.  The visit began along the tidal 
reach of Wildcat Creek where a buried pipeline crosses the river.  The pipeline is rock 
covered and now acts as a control structure during low tide.  The field visit worked its 
way up the north bank of Wildcat Creek where possible.  Contra Costa employees 
identified deposition which had occurred.  At the nhc project location, conditions were 
similar to the October 2010 field visit.  No further excavation had been completed in the 
sediment basin.  Young children were playing in the concrete channel during the visit.    

Flow 
Wildcat Creek was passing a few cfs during the visit.   

Sediment Basin Observations 
As with the prior field visit, the sediment basin was excavated from about the 
underground gas pipe crossing downstream to the sediment basin weir.  The low flow 
channel was passing flow.  The low flow channel was a single threaded subcritical flow 
channel.  Depths and velocities seemed permissible for fish passage. The origin of the 
low flow channel (if it was self formed or the result of excavation) was not known.  The 
channel did seem to be stable at the present flow conditions. 
 



 
Photo 1: Looking downstream from the concrete structure down the lowflow 
channel through the sediment basin. Layers of deposition are noticeable on the 
right hand side of the photo.  
 

 
Photo 2: Standing on the northeastern edge of the sediment basin looking 
downstream.  The single thread low flow channel is apparent. The sediment basin 
also has a higher elevation in the center of the channel then near the edges.    
 



 
Photo 3: Standing in sediment basin looking upstream.  Looking upstream along 
the low flow channel. 
 

Fish Passage Channel 
The fish passage channel was passing flow on this visit.  The flow was completely 
contained in the fish channel.  Some of the debris obstruction was no longer in the 
channel.  It is not know if it was removed by December storms, maintenance personal, 
or other people.   
 
 



 
Photo 4: Flow passing through the fish passage channel.   
 
 
 

 
Photo 5: Section of fish passage channel blocked by debris (debris and drop in 
water surface noticeable just downstream of where the concrete walls to define 
the three channels begin).   
 



RipRap Reach 
The tall vegetation in the riprap reach appeared to have been mostly knocked down 
during the December storms, however some vegetation remained standing.  The low 
flow channel had flow and appeared passable for juvenile and adult fish.  Deposition 
was noticeable beneath the BNSF railroad bridge.  Upstream of the railroad bridge, 
significant deposition was noted.  It was observed by Contra Costa Flood Control 
personnel that a rock ramp was now almost completely submerged with sediment.  The 
WRAP  report had noted the BNSF railroad acted as a flow control structure, it is 
unknown if the large deposition noted underneath and upstream of the structure is due 
to the backwater effects of the bridge.  Without field surveys, it was not obvious how 
much, if any, deposition extended into the riprap channel.     
 

 
Photo 6: Picture taken from the South bank of the riprap channel looking 
downstream toward the concrete riprap channel.  Most of the tall stands of cattail 
noticeable at the last visit appeared to have been pushed down by the high flows 
during the December storms.     
 



 
Photo 7: Standing on the south bank upstream of the BNSF railroad bridge 
(bridge is in picture).  Noticeable deposition of coarse grained material near North 
bank.  Noticeable natural and unnatural debris caught on the center pier.     
 



 
Photo 8: Standing near the rock ramp which marks the upstream edge of the 1135 
project area looking downstream towards the BNSF bridge.  The rocks noticeable 
submerged in the foreground of the picture are the downstream edge of the rock 
ramp.  The flow here is now subcritical likely due to the deposition downstream.   

Concrete Channel 
The concrete channel not including the fish channel appearance remained relatively 
consistent to the prior field visit. Some scour of the concrete was observed on this visit 
near start of the concrete walls.  While in the channel, local children road their bikes up 
and came into the concrete structure to investigate.  
 



 
Photo 9: Pitting of the concrete floor near the upstream edge of the concrete wall 
dividing the concrete channel.   
 




