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Scope of the problem… 
Washington State has over 13,556 documented fish passage 
barriers on smaller streams. How do we choose the projects that 
we do? 
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73% of all manmade features



Scope of the problem… 
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All of these features are different types, on different size streams, in different areas, with different species. How do we compare them?



Prioritization 
 Ensures that projects with the greatest benefits are 

constructed first 
 More efficiently utilizes limited funds 
 Helps identify projects when funding becomes 

available 
 Could be advantageous when applying for grant 

funding 

4 



A brief history of WDFW barrier prioritization and 
project development methods. 
 In 1991, WDF signed an agreement with WSDOT to assist them with 

assessment, prioritization, and conceptual design development. 
 Locate culverts on highways and evaluate passability 
 Determine salmon presence and fish access to the culvert 
 Measure habitat quality and quantity above the culvert 
 Provide an engineering evaluation of improvements needed for fish passage 

 Best approach to culvert repair 
 Estimate of the relative cost 
 Refine passability estimates 
 Create a list of feasible projects 

 Within 1 year, the initial prioritization methodologies were developed. 
 22 years later, the scope of this project has set the framework for how barriers 

are assessed and prioritized throughout the state. 
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Because of the spatial scale of this task, and the fact that part of the task involves walking the stream, we have identified and prioritized thousands of additional barriers.



Standardized fish passage assessment and 
habitat survey methodologies. 

 Methods developed in 1998 
to support fish passage 
barrier prioritization 

 Currently standardized 
protocols that are used 
throughout the state of 
Washington. 

 Data is collected and 
entered into a Fish Passage 
Barrier Database by 
dedicated fish passage 
inventory staff. 

Washington Department of Fish and Wildlife. 2009. Fish Passage and 
Surface Water Diversion Screening Assessment and Prioritization 
Manual. Washington Department of Fish and Wildlife. Olympia, 
Washington.  http://wdfw.wa.gov/publications/pub.php?id=00061 
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These survey methodologies were designed to allow a relatively quick assessment of potential habitat upstream of a barrier.



The Priority Index 
 Provides a numerical ranking system to prioritizing 

fish passage corrections that is a first cut for 
identifying projects. 

 The index considers: 
 Potential improvement in fish passage 
 Species expected to benefit and their productivity 
 The quantity and quality of habitat upstream 
 Modified by the importance of the species in salmon 

recovery efforts and the cost of the project 
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The PI is the initial tool that we use to identify projects for further evaluation and scoping
 
Using the priority index, we are able to hone in on the highest priority projects at a broad scale. It is currently used on various state-managed lands to prioritize (such as wsdot, wdfw) to recommend projects.

Prioritization is jurisdictional, often driven by funding opportunities



The Priority Index (PI) 

• Where: 
• PI  = Priority Index  
• B  = Passage improvement  
• P  = Annual adult production potential per m2 

• H  = Habitat gain in m2  
• M  = Mobility Modifier 
• E  = ESA Status Modifier 
• C  = Cost Modifier 

PI =         (BPH)MEC 
4 

all species 

8 

Presenter
Presentation Notes
Basically, this gives an estimated number of adults that would be potentially produced with repair of the barrier, adjusted by modifiers for species significance and cost.

The 4th root is taken to create a more manageable number

These are added together for each species to create the total PI

Currently, PIs in our database range from 1 to 76.



Purdy Creek -   
An example 
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Purdy creek is located on the Kitsap Peninsula in western Washington. A barrier culvert is located under a highway at the mouth of the stream where it enters Puget Sound. It is a partial barrier that is tidally influenced. The map shows the habitat upstream of the culvert, and the additional barriers that were inventoried by a field crew.




Purdy Creek – An example: 

Species Proportion of 
Passage 

Improvement 

Annual 
Adult 

Production 
Potential 

per m² 

Habitat 
gain in m² 

Mobility 
Modifier 

ESA 
Status 

Modifier 

Cost 
Modifier 

Priority 
Index 
per 

species 

B P H M E C 
Sockeye/Kokanee 0.67 3.0000 - 2 1 1 0.00 
Chum 0.67 1.2500 8,045 2 1 1 10.77 
Pink 0.67 1.2500 - 2 1 1 0.00 
Coho 0.67 0.0500 17,960 2 2 1 7.00 
Chinook 0.67 0.0160 3,931 2 3 1 3.99 
Steelhead 0.67 0.0021 18,300 2 3 1 3.53 
Sea-run Cutthroat 0.67 0.0370 18,300 2 1 1 5.49 
Resident Trout 0.67 0.0400 20,996 1 1 1 4.87 
Bull Trout 0.67 0.0007 - 1 1 1 0.00 

Total PI: 35.65 

PI =         (BPH)MEC
all species
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To calculate the priority index for the Purdy Cr crossing…



Priority Index 
of Barriers in WA 

11 

Presenter
Presentation Notes
The largest red dots indicate barriers with a PI greater than 40. Orange is from 25 to 40. The tiny dots are barriers with a negligible or uncalculated PI.

Note that most of these barriers are clustered around Puget sound, and along the state highways. This is where most of the surveys have been to date, based on funding availability.

These are all located on wadable streams. Few large streams or rivers have been evaluated.




Limitations to the PI model 
 Expensive and time consuming due to the need to walk the 

stream. 
 Habitat surveys become outdated. 
 Assumes all manmade barriers upstream are temporary such 

that it only considers potential habitat, which may not be 
immediately realized. 

 Only calculated on streams that can be surveyed (walkable). 
 Relies on estimated adult productivity, which is biased towards 

highly productive species such as chum. 
 Regionally biased towards areas with multiple anadromous 

species, such as coastal streams. 
 Barriers are only identified based on jurisdictional investments. 
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Highest priority projects in the 
WDFW Fish Passage Database 

PI Stream Tributary to Feature Passability Lineal Gain Spawning Area Rearing Area Owner

76 Indian Cr Elwha R Culvert 33 17,109      11,854              115,344        State

71 Big Soos Cr Green R Dam 0 130,439    192,677            735,357        State

71 Little Bear Cr Sammamish R Culvert 33 45,990      32,627              99,905          City

66 NF Nemah R Willapa Bay Dam 67 64,048      265,892            212,036        State

64 Minter Cr Henderson Bay Dam 67 36,061      36,373              104,400        State

63 May Cr Wallace R Other 33 12,256      18,343              41,864          State

60 Issaquah Cr Lake Sammamish Dam 67 86,501      117,152            296,146        State

60 Big Quilcene R Hood Canal Dam 33 5,584         13,766              33,376          Federal

59 Little Bear Cr Sammamish R Culvert 67 45,736      32,022              98,633          City

59 Friday Cr Samish R Dam 67 66,239      69,569              282,460        State
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Here’s a list of the top ten priority barriers in our database based on the PI.

Note that the top 10 are primarily focused at and upstream of the jurisdictions that have been inventoried: WSDOT, WDFW, some cities.

Also notice that many of the highest priority sites are not necessarily complete barriers.



Highest priority barrier is a highway culvert over Indian 
Creek in the Elwha River drainage, with a PI of 76 and 
lineal gain of over 17 km. 
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And the current winner of the highest priority, is the partial barrier crossing of US 101 over Indian Creek in the Elwha River Basin. This barrier culvert has a PI of 76, with an estimated lineal gain of over 17km.
 
With the removal of the Elwha River dam, anadromous access has been restored to Indian Creek.  Species benefitting include Chinook, coho, chum, and pink salmon, kokanee, steelhead, searun cutthroat, resident trout, and native char (Dolly Varden and bull trout).  Dam removal began on the Elwha River in mid-September 2011, and by late spring 2012, the Elwha Dam was completely gone.  In August 2012, adult male chinook salmon showed up near the Glines Canyon dam and in Indian Creek.



Other things to consider in project 
selection: 
 Ownership 
 Funding availability 
 Limitations to repair 
 Feasibility of the project realizing the estimated 

habitat gain 
 Other restoration activities occurring within the basin 
 Importance of the basin to salmon recovery 
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Owner and funding are often related to a subset that the owner wants to select from for other reasons.

Feasibility: during habitat assessment, manmade barriers are assumed to be temporary. Sometimes there are situations, such as a mile long culvert underneath a city located immediately downstream, that it is safe to assume the culvert may not be fixed in the near future.




Site ID Feature Barrier? Passabil
ity (%)

PI Stream Trib To Road Owner 
Type

Lineal 
Gain

SpawnA
rea

Rear 
Area

US 
Barriers

Shape Material Span Rise Length WS 
Drop

03.0181   0.50 Culvert Yes 33 35.8 Fisher Cr Carpenter Cr I-5 State 27534 19626 52534 30 RND SPS 2.44 2.44 105.50 0.00
CR196 Culvert Yes 33 24.0 Starbird Cr Fisher Cr Private 9981 1663 16203 12 RND PCC 0.91 0.91 9.00 0.00
CR195 Culvert Yes 33 22.7 Starbird Cr Fisher Cr Starbird Cr Ln Private 11479 2124 19443 14 RND CST 0.91 0.91 10.10 0.20
999104 Culvert Yes 33 22.6 Fisher Cr Carpenter Cr Private 8495 1761 12775 10 RND SST 1.22 1.22 3.00 0.00
CR77 Culvert Yes 67 19.1 Starbird Cr Fisher Cr Bulson Rd County 11598 2366 19729 15 RND PCC 1.52 1.52 22.10 0.00
CR199 Culvert Yes 0 16.9 Starbird Cr Fisher Cr Private 483 0 2612 0 RND CAL 0.91 0.91 7.00 0.00
CR88 Culvert Yes 33 15.2 Trib G Fisher Cr Private 2722 178 2622 2 RND CAL 1.07 1.07 5.00 0.00
999114 Culvert Yes 33 14.8 Trib D5 Starbird Cr Tyee Rd County 364 0 3483 0 RND PCC 0.38 0.38 10.10 0.00
999388 Culvert Yes 67 14.2 Trib F Fisher Cr Private 1158 0 3937 1 RND PCC 0.30 0.30 5.30 0.00
999766 Culvert Yes 67 13.1 Trib F Fisher Cr Private 581 0 2830 0 RND CST 0.30 0.30 7.40 0.00
03.0196   0.68 Culvert Yes 0 12.4 Trib E Fisher Cr Pleasant Hill Rd Private 880 75 772 0 RND PCC 0.61 0.61 20.30 1.90
999054 Culvert Yes 33 10.4 Trib C Fisher Cr driveway Private 432 34 560 1 RND PCC 0.30 0.30 10.70 0.07
999791 Dam Yes 33 10.1 Trib D8 Starbird Cr Private 144 0 495 0 0.00 0.00 0.00 0.00
999792 Culvert Yes 33 10.0 Trib C Fisher Cr Private 206 23 485 0 RND PCC 0.30 0.30 6.00 0.19
03.0196   0.10 Culvert Yes 67 9.8 Trib E Fisher Cr Pleasant Hill Rd County 1830 219 1402 1 RND CMP 1.83 1.22 12.40 0.00
03.0181   5.76 Culvert Yes 33 8.8 Fisher Cr Carpenter Cr English Grade Rd County 509 58 490 2 RND CST 0.46 0.46 11.60 0.61
CR80 Culvert Yes 0 8.8 Trib D3 unnamed Starbird Rd County 359 88 313 0 RND PCC 0.61 0.61 43.60 0.46
999106 collapsed bUnk Unknown8.4 Fisher Cr Carpenter Cr Private 164 4 245 0
999107 Culvert Yes 33 8.4 Fisher Cr Carpenter Cr Private 164 4 245 0 BOX CPC 0.41 0.41 9.50 0.00
999772 Culvert Yes 67 8.4 Trib D1 Starbird Cr Private 613 4 482 0 RND PVC 0.61 0.61 6.50 0.05
999387 wood flume   Yes 33 7.9 Trib D2 Starbird Cr Private 563 21 386 3 0.00 0.00 0.00 0.35
CR85 Culvert Yes 33 7.6 Trib D2a unnamed English Grade Rd County 228 0 235 0 RND PCC 0.46 0.46 25.10 0.00
999382 Culvert Yes 33 7.3 Trib D2a unnamed Private 368 3 281 1 RND CST 0.46 0.46 7.60 0.00
CR202 Culvert Yes 67 6.8 Trib D2 Starbird Cr Starbrook Ln Private 950 63 655 4 RND CST 0.91 0.91 11.80 0.00
999768 Culvert Yes 33 6.8 Trib G3 unnamed 316th St NW County 268 74 189 0 RND PCC 0.30 0.30 12.10 0.00
999110 Culvert Yes 0 5.9 Trib D6 Starbird Cr Private 65 1 40 0 RND CST 0.31 0.31 6.50 1.12
999115 Culvert Yes 0 5.5 Trib D4 Starbird Cr Bulson Rd County 156 0 44 1 RND PCC 0.46 0.46 13.50 0.48
999116 Culvert Yes 67 5.3 Trib D4 Starbird Cr Private 269 12 79 2 RND PCC 0.30 0.30 6.00 0.05
999386 Culvert Yes 33 4.1 Trib D4 Starbird Cr Driveway County 69 0 14 0 RND PVC 0.30 0.30 9.00
999767 Culvert Yes 67 3.2 Trib G4 unnamed English Grade Rd County 46 0 16 0 RND CST 0.30 0.30 11.40 0.00
CR86 Culvert Yes 0 2.5 Trib D2 Starbird Cr English Grade Rd County 32 12 22 0 RND PCC 0.46 0.46 13.20 0.00

Fisher Creek fish passage barriers (assessed April 2008). 
These features are ranked by priority index. 
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Broad application:
By using a standardized prioritization method, we were able to generate this prioritized list of potential projects in the Fisher Creek basin at the request of a local group looking for a mitigation project in the basin.




Project Scoping 
 Verify habitat quality and species 
 Identify constraints to project repair 
 Identify opportunities to address more than just fish 

passage at the site. 
 Work with other stakeholders to begin the coordination 

process 
 Work with an engineer to develop conceptual design 

options 

Terrell Creek barrier culvert repaired 2011.  17 
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After selecting a project, project scoping helps to refine the feasibility of the project, and develop a conceptual repair.




Standardized design guidelines for fish 
passage structures 
 Removal – determine if structure is 

actually needed 
 Bridge – channel-spanning bridges 

facilitate natural in-stream 
processes and habitat connectivity 
for fish and wildlife 

 Stream simulation culvert – 
culvert wider than and placed at the 
same gradient as the stream channel 
and includes a bed throughout to 
mimic natural in-stream processes. 

 No-slope culvert – small culvert set 
at a flat gradient used for simple 
installations. 

 Retrofit or fishway – Used only for 
situations where other options are 
not feasible. 

Barnard, R. J., J. Johnson, P. Brooks, K. M. Bates, B. Heiner, J. P. Klavas, D.C. 
Ponder, P.D. Smith, and P. D. Powers (2013), Water Crossings Design 
Guidelines, Washington Department of Fish and Wildlife, Olympia, 
Washington.   http://wdfw.wa.gov/hab/ahg/culverts.htm 18 
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Over the years, WDFW has developed a list of preferred design alternatives for fish passage structures. This information is available in a manual that was just updated. The preferred design alternatives are:




Purdy Creek -   
An example 
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To show some of the things that are considered during project scoping, I’ll go back to the previous example of Purdy Creek, which we determined had a very high PI.



Purdy Creek –  
Project Scoping 

Constraints:  
 Very long barrier culvert located 100m 

upstream of the crossing under gas 
station and county road. 

 Located near a busy intersection 
 Potential contamination of soils. 
 Tidal influence – road is on fill at the 

outlet of Purdy Creek 
 
Opportunities:  
 Coordinate with the county and gas 

station owner to address the upstream 
barrier simultaneously 

 Potential to remove fill, construct a 
long bridge, and restore some tidal 
processes. 

 Two recent barrier repairs upstream, 
and another recently scoped for repair. 

 Stream has a high production potential. 

Culvert 
under gas 
station and 
county road 

Target feature 

20 

Presenter
Presentation Notes
Upon further investigation, we realized that this pipe under SR 302 is located 100m downstream from a barrier culvert that runs underneath a gas station and a county road. 

The location and drainage of the site pose a high risk to water quality, as well as a challenge as to how to repair the site. 

The upstream culvert, under a different jurisdiction/ownership, would likely need to be rerouted to address the issue, directly affecting the repair option on the state highway.
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Based on these issues, we enlisted the county, who is now actively involved in coordinating the two adjacent projects, and the WDFW project engineer is proposing a 300 ft bridge at the downstream crossing to accommodate tidal processes and provide flexibility on the adjacent repair upstream.



Questions? 

Jenni Dykstra 
Fish Passage Section Biologist 
Washington Department of Fish and Wildlife 
jenni.dykstra@dfw.wa.gov 
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