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Project Goals Review

1. Mainstem, tributary and off-channel water 
temperature assessment for lower East Fork 
Lewis River (LEF). Includes identification & 
mapping of existing thermal refuge locations.

2. Identify areas to protect and restore - thermal 
refuges along the LEF and primary tributaries.

• List of potential sites
• Concept designs for top 3 sites

3. Revise habitat project recommendations in 
the LEF HRP as needed to incorporate these 
and other thermal actions.

• Temp. listed as primary limiting factor Fall 
Chinook (SalonPORT)- all life histories

• Also for coho and summer steelhead



Project Timeline
Year 1

Year 2

 Thermal-IR temperature data acquisition summer ‘20

 Thermal-IR field verification and habitat 
assessment of existing cold locations.

summer ‘21

 Compile existing temperature info. fall ‘21
 Technical Oversight Group Meeting 1 –

present temperature/site assessment results, 
primary focus areas.

Oct. 27, ‘21

 Technical Oversight Group Meeting 2 –
review site selection and ranking 
methodologies, initial site list, ranked sites.

Jan 27, ‘22

 Develop alternatives for top three ranked 
restoration sites.

Feb ’22

 Technical Oversight Group Meeting 3 –
review of restoration alternatives.

Late Feb ’22

 Finalize concept designs for top three 
ranked restoration sites.

March ’22

 Develop recommendations for landscape 
level strategies1 and changes to LEF_HRP.

Feb-Mar ‘22

 Technical Oversight Group Meeting 4 –
review of final concept designs, additional 
recommendations.

March ’22

 Deliver final products (report, data, concept 
designs).

Apr ’22

 Identify strategies to protect, enhance and 
create thermal refuge opportunities.

Nov–Dec ‘21

 Develop initial site list. Dec ‘21

 Develop site ranking methodology. Jan ‘22

 Rank initial sites (restoration opportunities) Jan ‘22

 Create map with temperature results, 
supporting data, sites.

Jan ’22 1. Includes broad-based prioritization of areas for improved riparian shading.



TOG Meeting 1 Re-cap

1) Reviewed temperature data, including thermal-IR and in-stream 
results.

2) Presented 4 focal areas for identifying potential opportunities to 
protect, restore, and create cold-water refuge zones:

1) Downstream RM 4.5 – 5.5  (above La Center)
2) Ridgefield Pits RM 7.5 – 9
3) Below Lewisville Bridge RM 11.5 – 13
4) Lucia Falls RM 20.5 – 21.5

3) Received input from TOG on focal areas and next steps for site 
selection and prioritization.

a) Ranked focal areas 1 >> 3 >> 2 >> 4  (high >> low)

b) Identified additional supporting data sources including:
- Dept. of Ecology gaining/losing GW reaches
- Clark County acquisition list and AOI



LEF Water Temperature Strategies (LCEP)

Site Scale

Landscape Scale

Strategy Potential Actions Notes

Preserve/Protect - acquisition/easements Applies primarily to existing thermal 
refuge locations on non-public lands

Enhance - improve habitat (wood placement, shading, etc.)
- increase connection to groundwater/tributary flow
- flow diversions

Applies primarily to existing thermal 
refuge locations with no social 
constraints

Create - flow diversions 
- connect to groundwater
- pumping

Strategy Notes
 Large-scale reforestation LCEP doing a basic GIS analysis based on canopy heights provided 

by recent LiDAR and available stream temperature data.
 Water withdrawal reduction LCEP not assessing as part of this study.



Landscape Scale Shade Analysis - Example

Predicted shade extent @ 14:30, Jun 23, 2021

• ArcGIS shade prediction based on sun position and canopy height

Predicted shade extent @ 16:30, Jun 23, 2021



Temperature Strategies By Reach

Lucia Falls    

Above La Center

Ridgefield Pits

Below Lewisville Park

Dept. of Ecology (DOE) 
Gaining Reach

(est. GW input, cfs) 

(13.3) (6.3) (2.0) 

X

 Consider reforestation 1) in reaches where temperature increases are seen, and 
2) gains can be realized (suitable channel width/depth/current velocity, along a 
sufficient length of streambank lacking cover; large floodplain areas lacking cover)

Re-forestation

Enhance/createEnhance/create

Re-forestation

 Apply additional supporting information:  Ex.: sites identified in 2009 LEF HRP

 Consider site enhancement/creation where DOE and LCEP reaches overlap 
(good GW potential) 



Preliminary Site List

• Projects outside reach priorities typically 
overlap with LEF HRP locations• Identified 28 initial locations through outlined strategy

A

B

C

A

BC

Above La Center

Ridgefield Pits
Below 
Lewisville Park



Site Ranking Process and Criteria

Protection of existing thermal refuge should be a top priority
For enhancement/creation of sites we considered the following 
environmental (performance) and social (constructability) criteria:

Criteria Factors Considered Weight (0–1)

Cooling source quality/reliability of cooling source 1

Type and size are we creating or enhancing a small or large feature 1

Connectivity does the site fill a gap between existing features? .5

Mainstem proximity ease of access for rearing fish 1

Surrounding habitat quality indicator of potential fish use .4

Ecology gaining reach? Indicator of good groundwater potential .4

LEF HRP priority indicator of site habitat potential .5

Likelihood of success Geomorphic persistence/stability .7

Environmental

Criteria Weight (0–1)

Ownership 1

Access 1

Likelihood of inclusion in another project .5

Social



Site Criteria Categories

Environmental Criteria
Distance to Surrounding Ecology Likelihood LEF HRP

Source Type/Size Connectivity Mainstem Hab. Quality Reach of Success Priority
Trib 4 Created/Large 4 > 1 mi 4 On 4 Good 3 Gaining 1 High 2 High (110 - 140) 3
GW 3 Created/Small 3 0.5 - 1 mi 3 Off/SC 0 - 200' 3 Fair 2 Losing 0 Med 1 Med (75 - 110) 2

Other 2 Enhance/Large 2 0.25 - 0.5 mi 2 Off/SC 200 - 300' 2 Poor 1 Low 0 Low (45 - 75) 1
Shade 1 Enhance/Small 1 < 0.25 mi 1 Off/SC > 300' 1 N/A 0

criteria weight 
(0-1) 1 1 0.5 1 0.4 0.4 0.7 0.5

Social Criteria

Ownership Access

Likelihood of 
Inclusion in 

other project
Public 2 Road 1 No 1

Potential Public 1 River 0 Yes 0
Likely Private 0

criteria weight 
(0-1) 1 0.5 1



Example Site Sheet and Ranking

Mason Cr.

Lockwood Cr.

EFLR Thermal Refugia Site Evaluation 

ID Site 
Short Description Approx 

RM Feature Type Source Type/Size
Stepping 

Stone
Mainstem 
Proximity

Surrounding 
Habitat 
Quality

Ecology 
Reach Type

Likelihoood of 
Success

East Fork Hab. 
Rest Plan

Normalized     
Env. Score (0 - 

100) Ownership
Construction 

Access
Already in an 
active project

Normalized 
Social Score (0-

100)

Other Enhance/Large > 1 mi On Fair Gaining High N/A Public Road No
2 2 2 4 0.8 0.8 1.4 0 58 2 0.5 1 100

GW Enhance/Small 0.25 - 0.5 mi Off/sc 0 - 200' Fair Gaining High N/A Public Road No
3 1 1 3 0.8 0.8 1.4 0 44 2 0.5 1 100

Shade Enhance/Small 0.25 - 0.5 mi Off/sc 0 - 200' Fair Gaining Med Med (75 - 110) Likely Private Road No
1 1 1 3 0.8 0.8 0.7 1 32 0 0.5 1 43

GW Enhance/Small 0.5 - 1 mi Off/sc 0 - 200' Poor Gaining Med Med (75 - 110) Likely Private Road No
3 1 1.5 3 0.4 0.8 0.7 1 47 0 0.5 1 43

GW Created/Small 0.5 - 1 mi Off/sc 0 - 200' Poor Gaining Low N/A Likely Private Road No
3 3 1.5 3 0.4 0.8 0 0 49 0 0.5 1 43

GW Enhance/Large 0.5 - 1 mi Off/sc 0 - 200' Poor Gaining Med N/A Likely Private River Yes
3 2 1.5 3 0.4 0.8 0.7 0 47 0 0 0 0

GW Enhance/Small > 1 mi Off/sc 0 - 200' Poor Gaining Med N/A Likely Private Road Yes
3 1 2 3 0.4 0.8 0.7 0 43 0 0.5 0 14

GW Enhance/Small > 1 mi Off/sc 0 - 200' Poor Gaining Low N/A Likely Private River Yes
3 1 2 3 0.4 0.8 0 0 38 0 0 0 0

GW Created/Small 0.5 - 1 mi Off/sc > 300' Fair Losing Low N/A Public Road Yes
3 3 1.5 1 0.8 0.4 0 0 35 2 0.5 0 71

GW Enhance/Large < 0.25 mi Off/sc 0 - 200' Fair Losing High High (110 - 140) Public Road Yes
3 2 0.5 3 0.8 0.4 1.4 1.5 55 2 0.5 0 71

GW Enhance/Large 0.5 - 1 mi Off/sc > 300' Fair Gaining Med N/A Likely Private Road Yes
3 2 1.5 1 0.8 0.8 0.7 0 35 0 0.5 0 14

Trib Enhance/Large > 1 mi Off/sc 0 - 200' Good Losing Med Med (75 - 110) Likely Private Road No
4 2 2 3 1.2 0.4 0.7 1 67 0 0.5 1 43

GW Enhance/Small 0.5 - 1 mi Off/sc 0 - 200' Good Losing Med Med (75 - 110) Likely Private River No
3 1 1.5 3 1.2 0.4 0.7 1 50 0 0 1 29

Social/Implementation Constraints Scoring

13

1

2

3

4

5

6

7

8

9

10

11

12

Off-channel RM 9.7 R bank 
(EF25)

relic channel scar. Could grade in a 
downstream connection and tap groundwater 

potentially. 9.7 off-chan

Off-channel RM 9.4, 
Mill/Manley confluence 

(EF27)

install  wood in beaver ponds at Manley 
confluence for cover habitat. Possible re-
grade to increase access but would need 9.4 off-chan

East Fork, RM 4_5-5_5
mainstem, potentially enhance habitat in 
relatively cool reach (based on TIR).  (BPA 

43B project area) 

Off-channel RM 6.3 L Bank 
(above 5A side chan project)

off channel enhancement - need to determine 
thermal potential.

6.3

Environmental Conditions ScoringSite Characterization

Side channel along 
Storedahl

RM 7.7 Ridgefield Pits 7/8

Off-channel RM 7.95 R bank

Side channel RM 9 - 9.5 (R 
bank) (EF 28)

Off-channel RM 7.8 - 7.9 L 
bank

mainstem

off-chan

off-chan

Off-channel RM 8.9 - pits 
near Danger Park

Off-channel RM 6.6 R bank 
(EF38)

RM 7.5 Daybreak Pits 

Off-channel RM 6.4 R bank 
(EF39)

side-chan

off-chan

off-chan

off-chan

off-chan

pump cooler water from Pit near Danger Park 
into side chan or mainstem. This pit was cool 

when measured in July '21 8.9

side-chan
Cold water confirmed in this disconnected 

historic channel. 
7.7

small off-chan former pit area. Would also 
be addressed in RP design

7.95

EF28 in HRP-confirmed cold in July 21

9-9.5

We didn't confirm anything here, and there 
was discussion of some restoration 

previously occurring here- but are there addt. 6.4

As Daybreak pits are phased out, could cold 
groundwater be pumped into off-channel or 

mainstem? 7.5

Historic Channel- Stream R or Pits 2 & 4- 
Stream L

7.8-7.9

4.5-5.5

cold off channel area- chum channel? HRP 
observed cold water here. Has ISC/FOEF 

completed a project here since HRP? 6.6

off-chan

off-chan

low priority..not even confirmed. Needs more 
study

7.7



Top 10 Prioritized Sites

Mason Cr.

Lockwood Cr.

ID
Site Short Description Approx 

RM
Feature Type Env. Score 

(0 - 100)
Social Score 

(0-100)

70 43

68 57

67.4 43

66.7 29

64 43

60 29

58 100

55 71

53 100

53 86

28
RM 12.5 - 12.6, both banks 

(EF11)

EF 11 Could be off-chan opportunity to create, or 
mainstem opportunity to preserve/enhance. Need to 

verify TIR results.

12.5-
12.6

off-chan

20
Off-channel RM 13.7 L bank 

(EF07)

Did not observe cold water here, but could a 
hyporheic zone be created by l imiting upstream flow 
entering?  HRP lists as  high priority but does not ID 

temp potential. Could it include this?

13.7 off-chan

21
Off-channel RM 14.1 L bank 

(EF05)
HRP observed cold water here. Has ISC/FOEF 

completed a project here since HRP? 14.1 off-chan

10
Side channel RM 9 - 9.5 (R 

bank) (EF 28)
EF28 in HRP-confirmed cold in July 21 9-9.5 side-chan

27
Rock Cr/EF confluence potential deflector structure but is there enough 

summer flow? 16 confluence

26
Lockwood Cr/EF confluence potential deflector structure but is there enough 

summer flow? 4.5 confluence

Side channel above Daybreak 
Bridge (R bank)

Historic mainstem now complex off-channel habitat 
with trib input, beaver dams, deep pools.  Actions 

could include protect, improve fish access, add 
LWD/complexity  

10.5 side-chan

12
Off-channel RM 9.4, 

Mill/Manley confluence (EF27)

install  wood in beaver ponds at Manley confluence 
for cover habitat. Possible re-grade to increase 

access but would need more eval. 
9.4 off-chan

25
Mason Cr/EF confluence Potential deflector structure but is there enough 

summer flow? 5.9 confluence

1
East Fork, RM 4_5-5_5 mainstem, potentially enhance habitat in relatively 

cool reach (based on TIR).  (BPA 43B project area) 4.5-5.5 mainstem

15



Map of Top Sites (Env. Score Only)

Top 10 Sites
All initial Sites



Technical Resources – Project Concepts
Extensive literature related to characterization and use of thermal refuge.
Limited literature related to creation and enhancement of thermal refuge.

Kurylyk et al. 2015, Ecohydrology



Technical Resources – Project Concepts
From Kurylyk et al. 2015, Ecohydrology



Technical Resources – Project Concepts
From Kurylyk et al. 2015, Ecohydrology



Technical Resources – Project Concepts
From Kurylyk et al. 2015, Ecohydrology From Sullivan et al. 2021, Ecohydrology



Technical Resources – Project Concepts
From Kurylyk et al. 2015, Ecohydrology



Technical Resources – Project Concepts

From Kurylyk et al. 2015, Ecohydrology



Technical Resources – Project Concepts
Hester et al. 2009, Limnology & Oceanography Wang et al. 2020, River Res. Applications



Technical Oversight Group to review site selection and ranking process. LCEP will create 
online map with supporting data which accepts review comments and questions.

LCEP to add any additional sites, revise scoring process as needed, and re-rank sites.

LCEP to generate alternatives for top three sites. 

Technical Oversight Group Meeting # 3 to review project alternatives.  Late February 2022

Upcoming Meetings:
February: Review restoration alternatives for three priority sites.
March/April: Review concept designs for restoration alternatives.

Next Steps



Preliminary Model ObservationsQuestions?
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