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Chapter 

Introduction 
1 

1. Introduction 

Purpose of the Basis of Design Report 

This Basis of Design Report, BOD Report, is prepared and revised to set the goals for 
the restoration of fish passage at the subject site.  It presents solutions for the Race 
Lagoon Crossings. 

Purpose of the BOD Report: The BOD Report serves as a critical document that 
outlines the foundational principles and objectives for the restoration of fish passage 
at the project site. It essentially sets the goals and guidelines for the entire project. 

Development Phases: The BOD Report is prepared and revised at several key phases of 
the project, including the 30% and 60% design completion phase. At the 60% design 
completion phase, the report presents final solutions for addressing the road crossing 
fish passage issue, which is the key aspect of ensuring fish passage. 

Iterative Nature: The report is described as "iterative," meaning that it evolves and is 
updated throughout the project's lifecycle. This is because, as the project progresses 
through different phases like Preliminary Design, Final Design, and As Built Record, 
new information becomes available, and adjustments may be needed to achieve the 
project's goals effectively. 

Preliminary Design: During the Preliminary Design phase, the report undergoes further 
refinement as more detailed information is gathered and analyzed for the preferred 
solution. This phase often involves the development of more concrete plans and 
specifications. 

Final Design: In the Final Design phase, the report is finalized with specific engineering 
details, construction plans, and materials specified. It ensures that the project is ready 
for implementation. 

As Built Record: After the project is constructed, the BOD Report continues to be 
relevant during the As Built Record phase. Any changes or variations from the original 
design are documented here, providing a historical record of what was actually built. 
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In summary, the BOD Report is a dynamic and essential document that guides the 
restoration of fish passage at the project site. It outlines project goals, presents 
various design concepts, and evolves through multiple phases of the project, from 
initial planning to final construction, to ensure that the objectives are met effectively 
and that changes are documented for future reference. 

This basis of design report has been revised to the Preliminary Design submittal phase. 

Project Goals 

The Skagit Fisheries Enhancement Group and Island County Public Works are working 
to replace two fish barrier culverts, culvert 1893 and 1894, under Race Road near 
Coupeville, WA and a private crossing immediately downstream of Culvert #1894.  

Removal of these fish passage barriers will open up critical rearing habitat for juvenile 
salmonids including ESA-listed Threatened Chinook as well as pink, coho, and chum 
salmon. These two coastal streams drain to Race Lagoon which has been identified as 
important pocket estuary habitat for out-migrating salmon from the Skagit, 
Stillaguamish, and Snohomish Rivers. Pocket estuaries and small coastal streams such 
as these provide important feeding, resting, and refuge habitat as juvenile salmon 
transition from freshwater to saltwater habitat.  

These culverts were identified during the Culvert Prioritization Inventory conducted by 
SFEG and Island County during which time a Chinook smolt was found in the stream 
above culvert #1893. In addition, SFEG has been working with local landowners who 
are open to additional wetland and riparian restoration upstream of these culverts as 
a future project. This grant would fund the design of two fish passable structures at 
culverts 1893 and 1894, and the design of a small bridge crossing and channel 
meander immediately downstream of culvert 1894 to enhance fish passage. Fish 
passage barrier removal is one of the most rapid and cost-effective ways of increasing 
the amount of accessible habitat for salmon.  Alternatively, the small private culvert 
crossing may be removed, the stream restored at that location, and an alternative 
access from Race Road property will be considered. 

Excerpted from project goals on PRISM. 

Site Description 

The site is located on the eastern side of Whidbey Island in Island County, Washington. 
Race Road travels across two small ephemeral tributaries to Race Lagoon adjacent to 
Saratoga Passage in the Salish Sea. The pocket lagoon has been identified as a primary 
location for refuge and rearing habitat for Chinook salmon. 

Race Road at this site runs east and west. The 2 culverts are approximately 500 feet 
apart from each other are oriented in opposite skewed orientations to the road. 

Each culvert is a corroded corrugated metal pipe formed from galvanized steel. The 
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West culvert, 1893, is deformed and approximately 30 inches in diameter. The east 
culvert, 1894, is corroded and 24 inches in diameter. 

Both culverts are partial barriers to fish passage. A small amount of bed material has 
Elevation. 

Figure 2  Race Lagoon estuary below Culvert West 1893. 

Figure 1  Vicinity map. 
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Figure 3 The inlet of the Eastern culvert looking downstream. 
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Figure 4 The inlet of the Western culvert looking downstream. 
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Figure 5 The outlet of the Western culvert. 
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Chapter 

Hydrology and Hydraulics 
2 

2. Hydrology and Hydraulics
The initial design of the subject culverts is based on the Washington Department of 
Fish and Wildlife, WDFW, stream simulation conceptual geometry with a hydraulic 
design verification. 

The BFW dimensions in this reach are as shown in the simple calculator following in 
the figure below which calculates a draft proposed culvert size or bridge span based 
on the stream width and using initially the Washington Department of Fish and 
Wildlife stream simulation and the side slopes beneath a bridge. 

Figure 6 Preliminary width calculations for the east culvert. 
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Figure 7  Preliminary width calculations for the West culvert.
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Given the geometry proposed, and including later described adjustments for climate 
change in the year 2080, the calculated culvert spans for the Eastern culvert and the 
Western culvert are 12.5 feet and 14 feet respectively. 

Hydrology at the two stream crossings 

The following section describes the hydrology of the subject reach and is based on the 
work by , Mastin, M.C., 2016, etal for ungaged catchments in Washington using 
regression analysis. In addition basin characteristics were delineated and reported 
using the USGS Streamstats on line software for that purpose, Version 4..  

Due to unforeseen changes in the flow rates in the upper areas of the watershed 
upstream and required climate change scenarios from WDFW¸ the Washington 
Department of Fish and Wildlife document, WDFW, Incorporating Climate Change into 
the Design of Water Crossing Structures, 2016, the design flow rate value is calculated 
to be Q design with climate change 100 year event equal to Qd100cc East = 7.5 cfs and 
the Qd100 cc West = 14 cfs. 

See the Hydrology section in the appendix for details. 

Established Culvert Width 

The USGS Stream Stats program referenced above estimates an average bankfull 
channel width of 8.0’ and 10.5’ respectively for culverts east and west, 1894 and 1893, 
(but notes that the parameters are outside of the suggested range and were 
extrapolated).  

Then by using the WDFW Climate Change Model for channel width recommends an 7 
percent increase in channel width for the 2080 timeframe at the site which increases 
the width to 8.56 feet and 11.2 feet respectively for the two culverts. During 
preliminary design for stream simulation methods this will require a culvert span of 
approximately 12.5’ and 14’.  

During the final design phase, a refined measurement and determination of the bank 
full width shall be completed. However, currently design is proceeding with these 
dimensions, and the preliminary design drawings reflect that. 

The culvert material has been chosen as a concrete box culvert. The concrete sections 
will contain keyways and weldments and be placed on a compacted subgrade of 
gravel, and the stream simulation streambed will be constructed within the upturned 
U shaped precast concrete sections, upon completion of the stream bed construction 
the concrete traffic lids will be placed on the top, and the road fill will be compacted 
around the structure. After that the road will be constructed and replaced with 
asphalt surfacing. 
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Pebble Count at Site Reach  

The following figure describes the pebble count sizing for the reachs at the two Race 
Lagoon tributary crossings.  This pebble count describes the stream bed characteristics 
along a stream profile of approximately 600 lineal feet and was determined during the 
survey of the stream reach. 

Figure 8  Race Lagoon Tributary 1893, pebble count data at the road crossing site 
showing the D5, D15, D84, D95 % finer diameters. This clearly shows a clayey silt base 
to the stream bed with fine gravel present locally in the riffle reaches. 
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Figure 9  Race Lagoon Tributary 1893, sediment distribution curve at the road crossing 
site. Showing the clayey silt base to the stream bed.  
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Figure 10  Race Lagoon Tributary 1894 East, pebble count data at the road crossing site 
showing the D5, D15, D84, D95 % finer diameters. This clearly shows a clayey silt base to the 
stream bed. 
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Figure 11  Race Lagoon Tributary 1894, sediment distribution curve at the road crossing site. 
Showing the clayey silt base to the stream bed. 
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Chapter Iterative Final Hydraulic Design and Modeling for 

Crossing Site 3 

3.  Hydraulic Modeling for the crossing sites 
Preliminary design hydraulic modeling was performed for the design of the stream 
crossings with an assumed low flow channel constructed in the stream simulation 
streambed of each culvert. A one-dimensional HEC-RAS model was prepared for this cross 
section and used to determine the water surface elevations, water velocities, Froude 
number, and stream energy values for tractive force evaluations and scour depths. 

Flow contraction at the cross section as shown is not present due to the constructed size 
of the 2 culverts at the 2 tributaries.   

Channel bed widths have been established in preliminary design initially by the WDFW 
stream simulation method established for culvert crossings. The bed width is established 
at 14’ and 12.5’ for a stream simulation approach design and the resultant construction 
contract documents will show the stream bed width as approximately this dimension. The 
ordinary High-Water Line, OHWL event, or Q 2-year return with climate change flow rate 
is noted to be 2 cfs and 8 cfs respectively in the East and West culverts. A low-flow stream 
shape will be incorporated into both the stream crossings at culvert East and West. 

The following table was used to calculate and model the stream geometry in the HEC-RAS 
and in the U.S. Forest Service, USFS, Fish Xing software application shown in the appendix. 

Table 1  Stream flows shown for each culvert and return intervals used in the HECRAS 
Modeling and Fish Xing Modeling. 

Name of Culvert Return Interval (years) Flow Rate (cfs) 

Culvert West 1893 2 3.72 

Culvert East 1894 2 1.99 

Culvert West 1893 100 14 

Culvert East 1894 100 7.5 
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Q 100 Flood Hydraulic Characteristics 

Site characteristics for the proposed culvert sites have been evaluated for tractive 
force and scour potential of sediment within the culvert and will result in the 
governing sizes of the gradation of streambed sediments within the culvert. This will 
be modeled using a triangular channel cross section with a low flow channel. 

See the following screen shots for the results to HEC-RAS calculations.  The stream 
cross section below the bridge is shown and then the resultant calculation follows. 

The road cross section for each tributary is shown and is shown wrapped around the 
upstream face of each of the culverts in the screenshots. Note the exaggerated 
vertical scale.  

The model includes the approximation for climate change of an additional 1.5 feet 
above the mean high higher water, MHHW, elevation for the highest estimated tide at 
Race Lagoon. The MHHW elevation is noted to be 9.05 feet NGVD88 plus an additional 
1.5 feet provides the estimated elevation of the high tide in race Lagoon in the year 
2080, with a 50% chance of occurrence, to be 10.55 feet. This elevation was used in 
the HECRAS model to consider if a tidal influence occurred at the culvert crossings. 
Also, whether or not a tidal prism inundated the far side of the road crossing into the 
upstream fields to the south. 

The modeling indicates that no tidal prism crosses the road at either of the culvert 
crossings. However, Culvert West 1893 west shows a backwater characteristic due to 
the future high tides at the high flow 100 year return occurrence. 
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Figure 12  HECRAS output for Culvert West 1893, showing the 100 year water surface 
elevation in light blue.
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Table 2 HECRAS tabular output for Culvert West 1893 for 100 year and 2 year return 
intervals. 



R A C E  L A G O O N  T R I B U T A R I E S  C R O S S I N G  R A C E  R O A D  R C O  2 2 - 1 0 8 9  C U L V E R T S  1 9 8 3  1 8 9 4   

F I S H  P A S S A G E  C U L V E R T  R E P L A C E M E N T  B A S I S  O F  D E S I G N  R E P O R T

23 OF 102

Figure 13  HECRAS output profile of water surface for the 100 year return interval at the 
Culvert East 1894.
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Table 3  HECRAS tabular output for the Culvert East 1894 for the 100 year and 2 year return 
intervals.
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Chapter 

Construction Costs 
4 

5. Construction Costs
Construction costs are estimated using professional judgement and experience in the 
current construction industry.  At this phase of preliminary design costs are higher 
than anticipated bids will be due to the uncertainty of costs and inflation.  These costs 
include an 8% annual inflation factor.

Figure 14  Summary of estimated construction costs for the Race Lagoon Road crossings.
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Figure 15  
Construction cost 
estimate West 
1893 culvert 
crossing at Race 
Lagoon.
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Figure 16  
Construction cost 
estimate East 
1894 culvert 
crossing at Race 
Lagoon.
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Appendix B Conceptual Alternative Designs 
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