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1.0 PROJECT OVERVIEW 
 
1.1 Project Overview 
The Stonybrook Creek watershed lies within Alameda County, east of Hayward. The watershed 
runs north to south and has a drainage area of 6.9 square miles. The creek joins Alameda Creek 
in Niles Canyon, approximately 13 river miles upstream from San Francisco Bay. The Alameda 
Creek watershed once supported a run of native steelhead trout. However, the placement of 
numerous dams, culverts, and other structures on Alameda Creek and its tributaries has resulted 
in the complete blockage of anadromous fish runs. In 2000 an assessment of the potential for 
restoring a viable steelhead trout population to the Alameda Creek watershed was completed 
(Gunther et. al, 2000). The report identified Stonybrook Creek as being the lowest tributary in 
the watershed containing suitable rearing and spawning habitat for steelhead.  
 
In 2004 the Center for Ecosystem Management and Restoration (CEMAR) obtained funding to 
complete an alternatives analysis and develop conceptual designs for replacing two of the 
County maintained crossings on Palomares Road, at mile posts 8.60 and 8.75. These crossings 
were both identified as complete upstream migration barriers for steelhead and rainbow trout. 
The replacement of these crossings with structures that provide fish passage is part of the 
recommendations outlined in the Stonybrook Creek Fish Passage Assessment that was prepared 
for the Alameda County Public Works Agency (Love, 2001). 
 
With support from CEMAR, Winzler & Kelly Consulting Engineers and Michael Love and 
Associates has developed conceptual designs for two new road crossings that improve fish 
passage conditions. In support of this design effort, Blackburn Consulting, Inc. conducted a 
preliminary foundation investigation and Marvin Smitherman conducted the topographic survey. 
Additionally, Michael Love and Associates assessed fish passage conditions at three downstream 
privately maintained stream crossings to determine if they are barriers to fish passage.  
 
This report summarizes the conceptual designs developed for removal and replacement of two 
road-stream crossings on Palomares Road at post mile 8.60 and 8.75. The assessment of the 
downstream crossings is described in a separate report. 
 
1.2 Design Overview 
The Stonybrook Creek Salmonid Migration Barrier Removal Project included the completion of 
a conceptual design for the removal and replacement of two existing culvert barriers with two 
new road crossings that will improve access to upstream habitat for migrating steelhead/rainbow 
trout. Hydraulically, the new crossings must provide passage for various life stages of fish over a 
wide range of flows, allow for the natural movement of channel bed load, and provide enough 
capacity to accommodate a 100-year flood. An additional requirement of the project design is 
that it allow a minimum of one lane of traffic through the project site during construction. The 
conceptual design incorporates methods of construction and sequencing that are necessary to 
meet these project requirements. 
 
The conceptual design includes a pre-cast bottomless arch culvert at post mile 8.60 on Palomares 
Road (hereafter, “upstream crossing”) and a pre-manufactured steel bridge at post mile 8.75 
(hereafter, “downstream crossing”). The design also provides for one lane of traffic to pass 
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through the project site during construction activities. The channel bed at both locations will be 
graded upstream and downstream of the new crossings to achieve the design slope, which closely 
approximates the natural slope of Stonybrook Creek within the project reaches. The conceptual 
designs were developed based on the assumption that both crossings could be constructed at the 
same time. This assumption does not preclude the crossings being constructed at different times, 
but this issue needs to be determined prior to the final design phase. We anticipate that 
constructing the two crossings at different times will increase the overall cost for construction. 
 
1.2.1 Upstream Crossing, Post mile 8.60 
The conceptual design at the upstream crossing includes: the placement of a temporary bridge 
during construction, removal of the existing concrete and masonry culvert, re-grading of the 
channel in the vicinity of the crossing, the placement of a new pre-cast concrete arch culvert and 
wing walls on cast-in-place strip footings, and the paving of the final roadway over the new 
culvert. The conceptual plans are included in Appendix A of this report. 
 
A temporary bridge is required to maintain one lane of traffic through the project site during 
construction. The temporary bridge is a pre-manufactured steel bridge which would later be used 
as part of the permanent downstream crossing (discussed in the following section). The 
temporary bridge is approximately 14 feet wide and 80 feet long. The temporary bridge will be 
set in place by cranes immediately to the north of the proposed culvert (as shown on sheet C-3.0) 
to allow for one lane of traffic during the construction of the channel and new culvert stream 
crossing. One side of the bridge will have a permanent guard rail attached, while a temporary 
concrete barrier rail will be placed along the other side for traffic safety during construction. 
There will be some minor grading and temporary fill required to allow the placement of the 
temporary bridge. The temporary bridge is designed to be removed and relocated to the 
downstream crossing after a minimum of five of the six pre-cast concrete culvert sections are 
installed and backfilled with aggregate base to accept one lane of traffic. 
 
The existing culvert at the upstream crossing will be removed after placement of the temporary 
bridge. The concrete rubble from the demolished culvert will be removed from the site for proper 
disposal. Suitable boulders from the existing masonry work may be incorporated into the channel 
grading. 
 
The channel grading at the upstream crossing will consist of re-grading the channel to a new 
grade of approximately 8.9 percent. The design active channel is 24 foot wide with 8:1 side 
slopes. From the active channel, the banks will be cut to 2:1 slopes, or steeper as needed, to 
match the existing ground slope above the top of the banks. The regraded channel will have a 
natural bottom consisting of native channel materials and is intended to resemble the natural 
channel. Rather than being a straight grade, the channel section will be comprised of a series of 
step-pools which will have a minimum depth of approximately one foot (as shown on Sheets C-
4.0 and C-5.0 of the conceptual plans). Pool spacing is based on the observed spacing in the 
channel adjacent to the site and results from research into channel slope verses pool spacing. 
These step pools are not intended to be permanent structures. Instead, the design channel is 
expected to be further shaped by higher flows and adjust into a stable step-pool configuration 
similar to the adjacent channels. Constructing the step-pools into the finished channel grade is 
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expected to provide suitable fish passage conditions immediately following construction while 
minimizing the amount of channel adjustment that may occur after construction. 
 
The upstream culvert crossing will consist of a pre-cast concrete arch comprised of six pre-cast 
concrete units each with a 32 foot width and a 9 foot rise. The pre-cast sections would be hauled 
by truck to the site and set in place by crane or excavator. The pre-cast units would be set on 
cast-in-place reinforced concrete footings that run the length of the culvert. The footings would 
extend approximately two feet below the design channel, which is the presumed location of 
bedrock based on the limited geotechnical investigation performed as part of this conceptual 
design effort. The footings for the culvert will be keyed into the existing bedrock. The bedrock 
surface will have an irregular shaped surface either naturally or after excavation to the designed 
footing elevations. For added stability, rebar will also be drilled and epoxied into the bedrock 
prior to the footings being cast in place. The geotechnical report used for the design is included 
in Appendix B of this report. 
 
One issue that was not specifically addressed in the geotechnical report was the potential for 
slaking of the exposed bedrock. Slaking is mostly a problem in clay shales, but much less of a 
problem in sandstone. The borings encountered predominately sandstone. The friable 
siltstone/shale beds noted on page two of the geotechnical report refer to very thin layers within 
hard, thick sandstone beds, exposed in existing canyon walls and road cut outcrops. The road 
cuts have stood for long periods of time without visual deterioration from slaking. There is no 
evidence that slaking is a significant problem at this site. It is possible that localized shale beds 
could be present along a downstream footing where exposure to air and water could cause 
deterioration of the rock. This potential issue should be addressed by Blackburn Consulting Inc. 
during final design and construction. 
 
Pre-cast concrete wing walls will abut the new pre-cast concrete culvert. The wing walls will 
have concrete anchors as well as pre-cast concrete footings to expedite placement. As with the 
cast-in place footings design, the design utilizing bedrock at each of the wing wall locations was 
based on the limited geotechnical investigation and may need to be revised during the final 
design. If bedrock is found in the vicinity of the planned wing walls as a part of a focused 
geotechnical investigation suggested to be conducted as part of the final design, then the design 
may be changed to cast-in place concrete wing walls that could be easily modified to match the 
bedrock surface. Sheet piling might also be considered as a construction method for the wing 
walls during final design. 
 
The final roadway will be brought up to grade using structural backfill consistent with Caltrans 
Standards. The final surface will be asphalt concrete and match the existing roadway’s alignment 
and grade. New guard rails with appropriate terminal sections will replace the existing metal 
beam guard rails. 
 
1.2.2 Downstream Crossing, Post Mile 8.75 
The conceptual design at the downstream crossing includes: the placement of sheet pile with a 
cast-in-place concrete pile cap for the bridge footing, removal of the existing reinforced concrete 
box culvert and wing walls, installation of a pre-manufactured steel bridge, re-grading of the 



04-1016-01.004 4  
December 2005 

channel in the vicinity of the crossing, and paving of the final roadway over the new bridge. The 
conceptual plans are included in Appendix A of this report. 
 
The sheet pile with the cast-in-place pile cap will provide a foundation for the pre-manufactured 
bridge proposed for this site and is a key design feature that contributes to the constructability of 
the site. Sheet piling can be driven with minimal disturbance to the surrounding soils. Therefore, 
the sheet pile footing will be placed while the existing culvert is functioning to provide one lane 
of traffic during construction. The footing on the west side of the proposed bridge may not 
require sheet piling due to the expected presence of bedrock close to the ground surface. If this is 
the case, a cast in place footing on bedrock would be used on the west side similar to the strip 
footing described for the culvert at the upstream crossing. 
 
The bridge will have an 80 foot span and a 28 foot width and will likely be comprised of four 
individual sections (each section seven feet wide) that will be pre-manufactured off site. The 
sections will be hauled to the site, set in place with one or more cranes and bolted together in 
place. These prefabricated steel bridges are normally installed quite rapidly, minimizing 
construction time and a greatly reducing road closure time. Two sections (14 feet width) of the 
new bridge will be set on the footings to provide one lane of traffic through the site to allow the 
demolition and removal of the existing culvert and excavation of the channel underneath the 
bridge (as shown on sheet C-6.0 of the conceptual plans). One side of the bridge will have the 
permanent guard rail attached and a temporary concrete barrier rail will be placed along the other 
side for traffic safety during construction. As previously discussed, the temporary bridge for the 
upstream crossing will utilize the other two pre-manufactured bridge sections (14 feet width). 
The remaining two bridge sections will be placed at this crossing once the upstream crossing 
progresses to the point where the temporary bridge crossing is no longer needed. 
 
The roadway through the downstream crossing will match the alignment and grade of the 
existing roadway. The final roadway at the downstream crossing will be brought up to grade 
using structural backfill consistent with Caltrans Standards. The final surface for the new bridge 
will be asphalt concrete. The new roadway will have two 12 foot lanes and two foot shoulders 
for a total paved road width of 28 feet. New guard rails are planned only for the bridge but may 
be extended beyond the bridge as a part of the final design, if required. 
 
1.3 Opinion of Probable Construction Costs and General Considerations 
A planning level opinion of probable construction costs was completed based on the conceptual 
design. Since the designs are not fully developed the cost estimate relied on numerous 
assumptions. It is possible that during final design, site conditions may become apparent that 
could cause actual construction costs to vary. Our current overall opinion of probable 
construction costs for completing both crossings is $1,100,000.  
 
The use of a pre-manufactured bridge at this site will have the benefit of being able to be used as 
a temporary bridge during construction of the upstream culvert. This offers significant savings 
since the cost of renting a temporary bridge is typically close to the cost of purchasing a pre-
manufactured bridge. If the two crossings were to be completed independently, the cost of the 
upstream crossing alone would be substantially higher. 
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It was assumed that traffic control at the site could be one lane of controlled traffic consistent 
with a Caltrans low-volume road closure. This type of closure assumes good site distance and 
would consist of yield signs rather than a full signal system. A full signal system would be used 
if the road were considered to have a high traffic volume and would have significantly higher 
costs associated with it. 
 
It was also assumed that the two project sites will be accessible by cranes. The cranes will be 
required to set the pre-cast culvert and pre-manufactured steel bridge, as well as for construction 
of the sheet pile foundation for the pre-manufactured steel bridge. If the road to the site is not 
accessible by cranes it is possible the design would need to be modified to reduce the size of the 
pre-manufactured culvert or bridge which could result in higher overall project costs. See Table 
1.1 on the following page for an itemized list of probable costs.
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Stonybrook Creek Salmonid Barrier Removal Projects
Engineers Opinion of Probable Construction Costs

Item 
No Item Description Unit Quantity Unit Cost Extended Cost
1 Mobilization and Demobilization LS 1 $42,000 $42,000
2 Traffic Control1 LS 1 $40,000 $40,000
3 Creek Bypass and Erosion Control LS 1 $15,000 $15,000
4 Clearing and Grubbing LS 1 $10,000 $10,000
5 Temporary Creek Crossings2 LS 1 $28,000 $28,000
6 Demolition (Asphalt Concrete, Existing Culvert, Guard Rail, Rubble) LS 1 $15,000 $15,000
7 Structure Excavation for Upstream Crossing (PM 8.60) CY 1295 $45 $58,275
8 Furnish Pre-Cast Concrete Culvert, Headwalls and Wingwalls LS 1 $120,000 $120,000
9 Install Pre-Cast Concrete Culvert, Headwalls and Wingwalls LS 1 $25,000 $25,000
10 Structural Concrete for Culvert (Strip Footings) CY 27 $600 $16,200
11 Regrade Channel at Upstream Crossing LS 1 $12,000 $12,000
12 Structure Backfill for Culvert CY 664 $40 $26,560
13 Structure Excavation for Downstream Crossing (PM 8.75) CY 4388 $45 $197,460
14 Steel Sheet Piling SF 1 $36,000 $36,000
15 Structural Concrete Downstream Crossing (Pile Cap Abutment) CY 10 $600 $6,000
16 Furnish Pre-Manufactured Steel Bridge LS 1 $162,500 $162,500
17 Install Pre-Manufactured Steel Bridge LS 1 $18,000 $18,000
18 Regrade Channel at Downstream Crossing LS 1 $14,000 $14,000
19 Class II Aggregate Base (for Roadway Subgrade) CY 180 $45 $8,100
20 Asphalt Concrete Pavement Ton 111 $110 $12,210
21 Metal Beam Guard Rail LF 85 $55 $4,675
22 Guard Rail Terminal System EA 2 $3,500 $7,000
23 Roadway Striping LS 1 $4,000 $4,000
24 Revegetation and Landscaping LS 1 $5,000 $5,000

Subtotal: $841,995
Estimating Contingency@30%: $252,599

Engineers Opinion of Probable Construction Costs: $1,100,000

1 Traffic Control System Assumes Low Volume Road with No Temporary Traffic Signals
2 Temporary Creek Crossings will be accomplished with pre-manufactured bridge for permanent installation at downstream crossing

October 25, 2005
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2.0 DEVELOPMENT OF CONCEPTUAL DESIGNS 
The following summarizes the numerous considerations, calculations, observations, and 
assumptions that lead to the development of the final conceptual designs. 
 
2.1 Design Flows 
The design process required estimating the peak design flows for the two crossings. The 
following watershed statistics were used as part of estimating flows (Table 1): 
 
Table 2.1 - Watershed Statistics 

 

Downstream 
Crossing 
(MP 8.75) 

Upstream 
Crossing 
(MP 8.60) 

Drainage Area (DA): 5.72 mi2 5.68 mi2 

Mean Annual Precipitation (MAP)1: 22.0 in/yr 22.0 in/yr 
Mean Basin Elevation (E): < 1000 ft < 1000 ft 
   

1 Estimated from isohyetal map of mean annual precipitation in California, 
developed by Daly and Taylor (1998).  

 
The peak design flow was set at the peak flow having a 100-year recurrence interval, as specified 
by NMFS (2001) and California Department of Fish and Game (CDFG, 2002) stream crossing 
design guidelines.  
 
Magnitudes of peak flows associated with varying recurrence intervals were estimated using 
three different methods: (1) rational method, (2) regional flood estimation regression equations 
by the USGS for the Central Coast region (Waananen and Crippen, 1977), and (3) probabilistic 
analysis of local streamflow records using standard procedures outlined in Bulletin 17B (USGS, 
1982). The following table summarized the results (Table 2). 
 
Table 2.2 - Estimated peak flows and recurrence intervals for the downstream crossing (MP 8.75). Peak flows 
at the upstream crossing are slightly lower. 

Estimated Peak Flow 
2 year
(cfs) 

10 year
(cfs) 

25 year
(cfs) 

50 year 
(cfs) 

100 year 
(cfs) 

(1) Rational Method1 403 681 1,018 1,370 1,771 

(2) Waananen and Crippen, 1977 77 404 671 929 1,219 

(4) Average of Local Streamflow Records 
adjusted by drainage area2 167 710 1,096 1,427 1,784 

1 Used Intensity-Duration-Frequency curves from four rain gaging stations located between 3.8 
miles and 11 miles from the project location. Estimated time of concentration was 55 min. 

2 Used records from seven nearby stream gages and adjusted peak flow estimates by drainage 
area. Stream gage drainage areas ranged between 0.28 mi2 and 37.5 mi2. 

 
Estimates for the 100 year peak flow were very similar using the rational method and the average 
of stream flow records. For the design flow we conservatively selected a peak flow of 1,790 cfs 
for both stream crossings. 
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2.2 Channel Design 
 
2.2.1 Existing Channel Grade 
Surveying a longitudinal profile through the project site is essential for developing successful 
channel designs. Since the two crossings are less than 800 feet apart, we chose to survey one 
long continuous profile. It extended over 1,700 feet, beginning 455 feet below the downstream 
crossing to 400 feet above the upstream crossing. The average slope of the surveyed channel was 
8.7 percent. However, the slope varied substantially above and below each of the crossings, 
ranging between 6.2 percent below the downstream crossing to 9.0 percent between the two 
crossings (Figure 1). 
 

Stonybrook Creek Existing Profile
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Figure 2.1 - Figure 1 – Longitudinal profile of Stonybrook Creek through the project area. Slopes were 
estimated using linear regression of surveyed thalweg points, excluding the culverts. 
 
Upstream of the downstream crossing the channel appears severely aggraded with large 
boulders. The boulders have deposited at the culvert inlet due to the channel constriction caused 
by the undersized culvert. This creates a 5.5 foot drop in the channel bed immediately upstream 
from the culvert inlet which completely blocks fish passage and reduces the culvert’s capacity 
(Figure 2). The deposition above the culvert also appears to have starved the downstream 
channel of the larger bedload sizes. 
 
2.2.2 Reference Reach 
The project area is located within Stonybrook Canyon, a highly confined section of channel. The 
channel reach between the two stream crossings is approximately 800 feet in length. Throughout 
this reach the road bed encroaches on the stream’s right bank (looking downstream) and bedrock 
controls the form of the left bank. The bed shape and slope is predominately controlled by 
numerous large boulders.  
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Figure 2.2 - Inlet of the downstream crossing (MP 8.75), as flow cascades 
down a 5.5 foot drop over boulders deposited due to the channel 
constriction caused by the culvert. 

 

 
Figure 2.3 - Location of the reference reach, 200 feet upstream of the 
downstream crossing (MP 8.75) 
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As part of the design process a reference channel reach was located roughly 200 feet upstream of 
the downstream crossing which appeared representative of the entire channel between the two 
crossings (Figure 3). Within the reference reach a Wolman pebble count was conducted to 
characterize the streambed material, a channel cross section was surveyed, and the water surface 
slope through the cross section was measured.  
 
To characterize the streambed material and aid in estimating appropriate hydraulic roughness, a 
particle size distribution was created from the pebble count. It found the d84 (84 percent of 
particles less than the d84) to be approximately 2 feet and the d50 to be nearly 7 inches (Figure 
4). These values correspond with large bedload characteristic of a steep stream such as 
Stonybrook Creek. The material size and distribution is considered suitable for reconstructing 
step-pools into the regraded channel without needing to import large rock.  
 
Width at the 2-year flow and conveyance area at the 100-year flow were used in designing the 
shape of the regraded channel and selecting the appropriate culvert size for the upstream 
crossing. To estimate these values we conducted a hydraulic analysis of the reference cross 
section using the computer software, WinXSPro (USFS 2005). The analysis estimated the wetted 
channel width at the 2-year peak flow to be approximately 26 feet, with a mean water depth of 
1.7 feet.  The wetted area of the channel at the 100-year peak flow was 180 square feet and water 
velocities within the channel at the 2-year and 100-year peak flows were estimated to be 3.9 feet 
per second and 9.6 feet per second, respectively. Additional detail is provided in the attached 
representative cross section summary. 
 

Stonybrook Creek Reference Reach
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Figure 2.4 - Particle size distribution of streambed material located within the 
reference reach approximately 200 feet upstream of the downstream crossing. 
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2.3 Stream Channel Design  
 
2.3.1 Design Channel for the Upstream Crossing (MP 8.60)  
Determining stable design slopes at the two crossings required examining the channel grade 
upstream and downstream, and identifying hard features in the channel that control the stream’s 
grade. For the upstream crossing the stable channel slope is estimated to be 8.9 percent. The 
channel will be regraded from Station 22+35 to Station 23+72, a total of 137 feet to match the 
existing adjacent stream grades approximately 100 feet downstream and 200 feet upstream of the 
crossing (Figure 5). The survey also noted bedrock spanning the channel bottom at a location  
about two hundred feet downstream of the upstream crossing. Bedrock typically functions as a 
hard point in the channel, and is expected to prevent the streambed from incising below the 
upstream crossing following the replacement of the downstream crossing.  
 

Upper Crossing - Channel Profile
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Figure 2.5 - Design channel profile for the upstream crossing at Mile Post 8.60. 
 
2.3.2 Design Stream Grade for Downstream Crossing (MP 8.75)  
Determining a stable channel grade at the downstream crossing was more challenging than at the 
upstream crossing. The deposited boulders at the culvert inlet appear to have influenced the 
channel grade for more than 100 feet upstream. Additionally, the channel immediately 
downstream of the culvert has a much lower gradient than the rest of the channel. The 
discrepancy in slopes is likely due in part to encroachment of the road fill into the channel 
between the two crossings, which straightened the stream channel and caused it to become 
steeper.  
 
The design of the downstream crossing incorporates two channel grades (Figure 6). The 
regrading begins just below the culvert outlet at Station 13+50 and continues upstream 140 feet 
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at an average slope of 8.9 percent. At Station 14+90 there is a slope break and the design channel 
grade steepens to 11.8 percent. The regraded channel ends at Station 15+85, approximately 15 
feet below a 4 foot high falls over an extremely large stable boulder that spans the channel. A 
slope break was needed to balance the amount of native streambed material available for 
grading.  
 
We anticipate the stream shape and grade at the downstream crossing will adjust over time. Since 
both banks under the proposed bridge are bedrock, the channel adjustments will be confined and 
will not disturb the bridge abutments. Additionally, the bridge will be more than 20 feet above 
the channel bed, providing ample room for the bed to aggrade while maintaining adequate 
conveyance for the 100 year flow. 
 

Lower Crossing - Channel Profile
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Figure 2.6 - Design channel profile for the downstream crossing at Mile Post 8.75. 
 
2.3.3 Shaping of Streambed for Both Crossings 
Since streams with slopes greater than 3 to 4 percent naturally either have a step-pool or cascade 
channel morphology, we propose to construct a rough step-pool shape into the finished channel 
bed. This will provide suitable fish passage conditions immediately after construction and assist 
the channel in setting up a stable step-pool configuration. However, we anticipate that substantial 
adjustment to the bed shape will still occur following construction.  
 
The step-pool design is intended to be relatively easy to construct, provide suitable resting areas 
for fish, and be shaped in roughly the same configuration that is found in steeply sloping natural 
streams (i.e., 9 to 12 percent). Specified pool spacing for this project was determined through 
field observations of the adjacent channel and use of pool spacing relationships developed for 
other steep streams (Chin, 1999; Zimmermann and Church, 2001) (Figure 7 and Table 3). 
Additionally, each step pool must have a residual pool depth of one foot to provide adequate 
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resting area for fish. The steps will be constructed using native streambed material from the 
project site, which is comprised of large boulders as well as sands, gravels, and cobbles.  
 

Typical Design Profile with Step-Pools 
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Figure 2.7 - Typical of step-pool configuration for regraded channel sections. 
 
Table 2.3 - Step pool spacing for regrade channel reaches 

Channel Reach 
Average 

Design Grade 
Reach 
Length 

Average 
Pool Spacing 

Upstream Crossing (MP 8.60) 8.9% 137 feet 22 feet 

Downstream Crossing (MP 8.75):    

   Lower Section 8.9% 140 feet 22 feet  
   Upper Section 11.8% 95 feet 17 feet 

 
2.3.4 Channel Cross Sectional Shape 
For both crossings the bottom channel width was set at 24 feet, based on results from the 
hydraulic analysis of the reference cross section at the 2-year peak flow. The bottom has a side 
slope of 8(Horizontal):1(Vertical) and the banks have side slopes of 2(Horizontal):1(Vertical). 
Given the large size of material that will be graded, the channel will likely end up with many 
irregularities with numerous large rocks protruding from the bed and banks. This will be similar 
in nature to the natural channel and provide many quiet-water areas and dissipate energy at 
higher flows. 
 
2.4 Fish Passage Improvements 
 
When implemented, this project will result in the removal of two complete fish barriers that were 
identified in the Stonybrook Fish Passage Assessment (Love, 2001). These existing barriers will 
be replaced with new crossings that provide for a roadway over a natural stream channel. At the 
crossings, the proposed designs utilize a step-pool channel at slopes found in the adjacent natural 
channel. The channel will be shaped using only native streambed material found on site. The 
design is intended to allow the channel to adjust naturally in both shape and profile. The end 
result will be a channel that provides fish passage and fish habitat similar to the adjacent natural 
channels. Due to the type of work involved, it would be preferable to select a contractor with 
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experience completing successful in-stream channel work. When completed, the project will 
open up access to over 3,000 feet of previously blocked habitat for steelhead and rainbow trout. 
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Appendix A 
Conceptual Design Plans 

 





















Appendix B 
Preliminary Foundation Investigation 

 




















































