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Background and Context

Temperature standards for the lower Willamette
Lower Willamette temperature listing & TMDL
NOAA's 2015 Biological Opinion

RPA — Implement the cold water refuge narrative




“Migration Corridor”

» Designated “Salmon and Steelhead
Migration Corridor”

* River Mile 0 - 50.8 (km 88.2)

» Kelley Point -> Newberg Pool

Water Quality Standard

« 20°C as a 7-day average daily max

Figure 340A: Fish Use Designations *
Willamette Basin, Oregon
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Current Conditions in the Migration Corridor

Site
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Corresponds to time period when
flows are low.

7-day average of the daily maximum criterion of 20°C
exceeded on average from July 5 to September 11.




2006 Willamette Basin TMDL

o Willamette River Mile 24.8 downstream of Clackamas River
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A two-part criteria for migration corridors

1. Numeric criterion 20°C as a 7-day average daily max (7-dadm)
2. Cold Water Refuge narrative criterion

OAR 340-041-0028

(4)(d) In addition, these water bodies must have cold water refugia that are sufficiently
distributed so as to allow salmon and steelhead migration without significant adverse
effects from higher water temperatures elsewhere in the water body.

OAR 340-041-0002

(10) “Cold Water Refugia” means those portions of a water body where, or times during the day
when, the water temperature is at least 2 degrees Celsius colder than the daily maximum
temperature of the adjacent well-mixed low of the water body.




NOAA's 2015 Biological Opinion

« Jeopardy conclusion for Migration Corridor criteria

« Concerns that CWR narrative has not been implemented

 Willamette ESUSs

Upper Willamette River Spring Chinook
Upper Willamette River Winter Steelhead
Lower Columbia River Spring Chinook
Lower Columbia Winter Steelhead




RPA: Cold Water Refuge Study

The purpose of the CWR plan is to adequately interpret Oregon’s
“cold water refugia” narrative criterion to allow for implementation
of the criterion through DEQ’s Clean Water Act authorities.

Characterize the current spatial and temporal distribution of CWR

Characterize the current use of CWR by salmon and steelhead (4 ESUs) migrating
through the corridor reach of the Willamette River

Assess whether the current spatial and temporal extent of CWR present is sufficient to
meet the CWR narrative criterion

If DEQ concludes that the CWR criterion is not being met, characterize, to the maximum
extent possible, the extent of additional CWR needed to attain the criterion

|ldentify and prioritize actions to protect, enhance, or restore CWR.

|dentify scientific uncertainties and any additional research needed to fully implement the
cold-water narrative.




Goals for the Panel

Through a series of document reviews and guided
discussions, provide scientific peer review and input to
CWR study.

. Identify additional data sets and analyses
. Identify / fill information gaps

. Identify/review assumptions and limitations
4. Address guestion of refuge sufficiency
5. Review conclusions and conservation priorities




Expert Scientific Review Panel

Name

Affiliation

Matthew Keefer

Department of Fish and Wildlife Sciences, University of ldaho

Thomas Friesen

Oregon Department of Fish and Wildlife

Stanley Gregory

Department of Fisheries and Wildlife, Oregon State University

Krista Jones

U.S. Geological Survey

Anne Mullan

NOAA- National Marine Fisheries Service

Brook Silver

U.S. Fish and Wildlife Service

Joseph Ebersol

U.S. Environmental Protection Agency

Marcia Snyder

U.S. Environmental Protection Agency

Julia Bond

City of Portland, Bureau of Environmental Services

Melissa Brown

City of Portland, Bureau of Environmental Services

=ZUSGS

Oregon State science for a changing world
University

ENVIRONMENTAL SERVICFES
CITY OF PORTLAND
Fish & Wildlife working for clean rivars




Water Quality Program

Overview of the Draft Lower Willamette
River Cold Water Refuge Narrative Criterion

Implementation Study

James McConaghie, PhD | Oregon Department of Environmental Quality




Cold Water Refuge Study Objectives

The purpose of the CWR plan is to adequately interpret Oregon’s “cold water refugia”
narrative criterion to allow for implementation of the criterion through DEQ’s Clean
Water Act authorities.

Gather and synthesize readily available data, information, and professional opinion.
Characterize current distribution of CWR.
Characterize current species use of CWR.

Assess whether the current spatial and temporal extent of CWR present is sufficient to meet
the CWR narrative criterion

If the CWR criterion is not being met, characterize the extent of additional CWR needed.
|ldentify and prioritize actions to protect, enhance, or restore CWR.

|dentify scientific uncertainties and additional research needs to implement the CWR
narrative.




Cold Water Refuge Study Area
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Cold Water Refuge Study Objectives

1. Gather and synthesize readily available data, information,
and professional opinion.




Temperature and Flow Data Sources




Fish Passage and Occurrence Data Sources

Published/
Unpublished @
Studies & Data

- OSU &
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Center U Idaho




CWR ldentification Framework

aEm Primer for ldentifying Cold-Water Refuges to
Protect and Restore Thermal Diversity in
Riverine Landscapes
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CWR ldentification Framework

Operative Cold Water Refuge Definition:

Thermal

> 2°C reduction from mainstem

High Quality: absolute < 18°C

Spatial

Features within the floodplain at multi-scale:
1. Tributaries, 1cfs
2. channel units

3. microhabitat patches

Temporal

Current conditions (2007-2017)

Available during June - September




Cold Water Refuge Study Objectives

2. Characterize current distribution of CWR.




Willamette R. main stem temperature variability
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Tributary Screening : NorWeST Model

o

\.; | © Tributary Confluence |
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Predicted Current

stream Temperature () | SSN temperature model:
—lessthans |l ¢ Average August
——80-100 = water temperature

Ll = stream flow
11.1-130

13.1-140

14.1-16.0

- 16.1-180

—18.1-20.0
—— Greater than 2C

Peter Leinenbach, U.S. EPA
NorWeST Home: https://www.fs.fed.us/rm/boise/AWAE/projects/NorweST.html




NorWeST: Cold Tributary Candidates
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O Tributary temperatures between 2*C to 4*C cooler than the mainstem

O Tributary temperatures greater than 4*C cooler than the mainstem

6.2 124 18.6 24.8 31 37.2 43.5 49.7 55.9 62.1 river mi
Willamette River (River Mile derived from NHDPIus)

Peter Leinenbach, U.S. EPA



Flow distribution of candidate CWR tributaries

Adult Refuge Screening Criteria:
AT > 2°C cooler
I Flow > 1 cfs
<1 1-4

5-10 20-100 >100-150 200
Mean August Flow (cfs)
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Confirmation - Tributary & Inflow Field Surveys

Portland BES — continuous & synoptic
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Off-Channel and Reach CWR Surveys

USGS, 2016 & 2017
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FLIR Tributary Surface Plume Visualization

Kellogg Creek Clackamas River
2.7 cfs (NorWeST) 1009 cfs (NorWeST)

350 Meters

State of Oregon

* Data limited to areas downstream of Willamette Falls Source: City of Portland BES, 2011 Exommensr -

Quality




Existing CWR for adult migration

14 tributaries >1 cfs
6 seeps, alcoves, bars

Average density : 0.39 mi?
. Max. distance : 13.5 mi

A Feature CWR

O Tributary CWR




All CWR sites for juveniles and adults

37 tributaries
10 seeps, alcoves, bars

Average density : 0.94 mi
Max. distance : 5.7 mi



Cold Water Refuge Study Objectives

3. Characterize the current species use of CWR.

UWR spring Chinook
LCR spring/fall Chinook

UWR winter steelhead
LCR winter steelhead




Biological Scope - Jeopardy Populations (ESUS):

Biological Assumptions:

Analysis limited to ESUs identified in RPA
~0cus on up-migrating adults

Defined by migration-date ranges

CWR for these cold water fish also benefits
non-listed native species




Evaluating Cold Water Refuge Need and Use

1. Migration timing and abundance
2. Thermal exposure
3. Observation or evidence of CWR habitat use




Thermoregulation in anadromous fish

. Salmon and steelhead are cold-blooded

. “Thermoregulate” to find temperatures in environment to
match metabolic needs

. Not enough “power” if too cold
. Respiratory stress if too hot

. Timing and movement across the landscape to adapt to
temperatures




Looking for evidence of CWR use

What does CWR use look like?

1) Migration delay » Columbia River summer steelhead
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Keefer et al., 2009




Looking for evidence of CWR use

What does CWR use look like?

2) Holding in cooler water Columbia River fall Chinook
Fall Chinook 25-429; tagged 8-14-2000 (DST 2650B)

The John Day
Dalles

M‘»"\\a\/ﬁ"l T
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21 1

md
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18 4

Temperature (C)

17 4

16 1

15 1

14

Keefer and Caudill, 2017



Looking for evidence of CWR use

What does CWR use look like?

3) Congregation in refuges

Columbia River — Drano Lake




Evaluating Cold Water Refuge Need and Use

1. Migration timing and abundance




ESU Migration Timing at Willamette Falls

« Unique early migration timing
« Distinct native genetic population
structure

M'ay Jt'm
Date
UWR spring Chinook

o
LCR spring/fall Chinook

O
UWR winter steelhead

LCR winter steelhead

Introduced summer steelhead (ex-hatchery)
®

Introduced/Columbia R. stock fall Chinook




Historical Migration Barrier

Natural selection for a Willamette Falls without a fish ladder.




Long term UWR salmon & steelhead migration pattern

2007-2017 Chinook: range <1 — 43%, ave. 14% during exceedance
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Long term LCR Chinook & steelhead pattern

Average Daily Fish Passage 2014-2017 North Fork Dam - Clackamas river mile 29.9

Daily Max. Water Temp. °C
—— °C Portland
— °C NF Dam
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Migration Timing and Temperature

UWR Chinook migrate earlier with warmer temperatures.

Migration timing - March temperature
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Corridor Residence Time and Temperature

UWR Chinook residence time decreases with warmer temperatures.

Willamette Falls - Santiam
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Juvenile Migration Rates and Temperature

Juvenile Chinook migration rates increase with flow and decrease with temperature.

Chinook salmon y.=0.000344 x + 1.845 Chinook salmon
| #=0385
y=-1.541 x + 32.683 P<0.01
r=0.159
P<0.01

Steelhead

¥ =0.036
P=045

Migration rate (km/d)
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Friesen, 2005




Evaluating Cold Water Refuge Need and Use

2. Thermal exposure

“For each species, guantify overall thermal exposure to
temperatures above biological thresholds under different
temperature conditions (e.g., hot, cold, median summers), If
possible.” - NMFS




Steelhead temperature exposure and cues

WFA Passage Counts 2007-2017
UWR winter steelhead Optimal range for migration Range to expect delay

Expect onset of refuge use Lethal
(hours)
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Chinook temperature exposure and cues

WFA Passage Counts 2007-2017

UWR spring Chinook Range to expect delay
Optimal range for migration

Expect onset -

of refuge use Lethal
(hours)

)

=
S
-
c
—
s}
O
[}
(=)
§
©
o
=
©
(@]

Daily Average Water Temperature (°C)

Not stopping.




Modeled Run Timing & Thermal Exposure

UWR spring Chinook - Willamette Falls to N. Santiam River

Temperature experienced Degree-days accumulated

DegC DD
25 g

1Aug 1Sep

(Keefer et al., 2019)




Reference Year Approach
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Reference Year Approach

2012 (Cool)

)

2013 (Average)

)

= UWR Chinook
- UWR Steelhead
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Reference Year Run Sizes and Mortality

Chinook natural mortality*
below Willamette Falls (obrFw, 2019)

2013
Run Year

“average’

Species

UWR spring Chinook
UWR winter steelhead

2015

“hot” *Includes sea lion predation.
6.4% average since 2014




Interannual Migration Timing Variability

UWR Chinook
O 5"/95th
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Interannual Migration Timing Variability

UWR Steelhead
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Temperature Exposure Under Climate Change

NorWeST mean Aug. temperatures - 2040

« Similar number of CWR

* Reduced Quality

* Only 5 CWR site for adults < 18°C

— interpolated Mainstem - 2040 Conditions
@® Tnbutary temperatures warmer than the mainstem

® Tributary temperatures between 0*C to 2*C cooler than the mainstem
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Temperature Exposure Under Climate Change

Temperature increases may be moderated outside of summer.

Realized warming since 1980.
\ T e

- Spring (-0.07 °C/decade, p < 0.01) [ Summer (0.22 °C/decade, p < 0.01)

——

¢ C / Decade

® >015
© 0051015
O -005t0 005
O -005t0-0.15
® >-015

Isaak et al., 2012



Evaluating Cold Water Refuge Need and Use

3. Observation or evidence of CWR habitat use




Observation & Evidence of CWR Use

Tag and Observational Surveys

Data Limitations:
* Most tag studies begin collection at Willamette Falls

* Few studies and surveys downstream of Willamette Falls
« Sampling protocols limit collection from waters >18°C




Thermistor Tag Studies

UWR Chinook salmon

Lower Willamette Migration Corridor
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Willamette Falls

14 MAY - 25 JUNE 1992

230 235 238 266

RIVER KILOMETER

* “Mid Run” and “Late run” fish kept
migrating in temps over 20°C.

329 329 329

MCKENZIE RIVER

Schreck et al, 1994




Thermistor Tag Studies

Temperature (°C)

20

Chinook 3-475
tagged 6/12/2011

Clackamas

Foster Trap
8/1/2011

29 Jun 15Jul

24 Jul

Chinook 4-430
tagged 6/15/2013

Clackamas

McKenzie Hatchery
71912013

8 Jun 13 Jun 18 Jun

Chinook 3-424
tagged 6/8/2013

| Clackamas

South Santiam
B/7/2013

30 Jul

« ~7% of recovered loggers
showed use of Clackamas R.

 Most fish did not fall back.

Keefer et al, 2015 (unpublished data)




Fish Congregation in Main Stem Habitat

_ SLICES Salmonid A
Chinook Salmon (#) "
¢ 13
4-7
7-10

10-15

bundance Survey 2011-2013

- 16-30

Designated Migration Corridor

Hulse and Gregory, unpublished data

Adults & juveniles




Fish Habitat and CWR Use

SLICES surveys 2011-2013

Number

warmer

cooler. |
”~

*Juveniles and adults

14 16 18 20
Main stem T (°C)

22

24

Hulse and Gregory, unpublished data




Mixed Evidence for Refuge Use iIn Warmer Conditions

BES synoptic survey June 23, 2015 Tryon Creek restoration monitoring, USFWS

Adults and juveniles

Johnson Creek !

| Chi S
2012 /2013 . Cg::g;mf;:m

O O. mykiss

USGS JC @ Sycamore Gage: 17.5°C

Crystal Sp. @ JC Park: 18.7°C

Johnson Cr. @ JC Park (upstream of CS). 18.7°C
Crystal Sp. @ Tenino: 18.8°C

June 23, 2015 : A ° A .
10:30 “ .
T T T T T
' Jul Sep Nov Jan Mar

Several carcasses were too rotten to detect adipose fins or check ‘ : ‘ 2014 / 201 5
for PSM. Of the 16 carcasses that were viable, 14 were clipped : d
Of the 3 confiirmed female carcasses, one female was confirmed PSM
I didn't verily any males with miit Intact; however, this does
not confirm they successfully spawned before expinng
It's possible that one of the five live fish we spotted in JC was unclipped
Difficult to sex these fish, however, | believe at least 2 were female
Bl s .8 I l
Jul Sep Nov Jan Ma

r

@ Carcass
® Uve Adult

Portland BES, 2015 .
Silver et al, 2017




Cold Water Refuge Study Objectives

4. Assess whether the current spatial and temporal extent

of CWR present is sufficient to meet the CWR narrative
criterion

. If DEQ concludes that the CWR criterion is not being
met, characterize, to the maximum extent possible, the
extent of additional CWR needed to attain the criterion




Refuge Use Conclusions

Is there enough CWR for migration in temperatures up to
20C?

Qualified yes —
» Steelhead not exposed to warm temperatures
* Chinook don’t appear to use many CWR in temps <20°C.




Refuge Use Conclusions

Is there enough CWR for migration in temps >20°C
due to naturally warmer conditions or from anthropogenic
warming?

Not enough information about use to conclude sufficiency

or insufficiency.

Therefore, protect what is currently available and evaluate
level of use and benefits under warmer conditions.




Cold Water Refuge Criterion Attainment

Below
Willamette Falls
(RM 0 -26.7)

Above
Willamette Falls
(RM 26.7-50.8)

Population

UWR Chinook

When mainstem <20°C | When main stem >20°C

Attained

Insufficient data

UWR steelhead

Attained

N/A

LCR Chinook

Insufficient data

Insufficient data

LCR steelhead

Attained

N/A

UWR Chinook

Attained

Insufficient data

UWR steelhead

Attained

Insufficient data




Cold Water Refuge Study Objectives

6. Identify and prioritize actions to protect, enhance, or
restore CWR.




Recommendations for the Migration Corridor Reach

Maintain existing cold water refuge habitat for adults and
juveniles of all species.

= The existing CWR and thermal heterogeneity of all sizes should
be maintained and protected in order to support potential use.

= Knowledge gaps about use and benefit should be addressed
before recommending large investments to add new cold water
refuge areas.




Recommendations for the Migration Corridor Reach

Prioritize maintaining access and cool temperatures in the
Clackamas River — Meldrum Bar area

= Largest CWR area by volume at a key junction within the lower

Wil
= Mu
Fal

amette migration corridor.

tiple habitat functions - fish staging to ascend Willamette
S.

= Also important for LCR Chinook and LCR steelhead
populations that spawn and rear in the Clackamas River basin.




Cold Water Refuge Study Objectives

/. ldentify scientific uncertainties and any additional research
needed to fully implement the cold water narrative.




Knowledge Gaps

Uncertainty in level refuge use when temperatures are
over the criterion.

Few tag studies downstream of Willamette Falls
Data limited for:

* Juveniles of all species
» Steelhead Kelts
*  LCR Chinook timing & abundance entering Clackamas R.




CWR Study Process and Next Steps

Final expert Contact DEQ
panel review with Questions
-Jan. 23 or concerns?

-by Feb. 17

Final draft o
study Submit final

available Report to

DEQ Website NMFS
_by Feb. 3 'by Feb. 29

https://www.oregon.gov/deq/wg/Pages/WQ-Standards-Temperature.aspx




What does this study mean for DMAS?

Andrea Matzke
Lower Willamette Basin Coordinator
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2006 Willamette Basin Temperature TMDL

Directed Designhated
Management Agencies located
along the lower 50 miles of the
mainstem Willamette River to
develop strategies to identify and
protect CWR In their TMDL
Implementation Plans.




NPDES Thermal Plume Requirements

OAR 340-041-0053(d)

Thermal plume limitations apply

to discharges that will impact s
CWRs. This report can inform
permits issued for thermal
discharges within the migration
corridor.
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DMASs along mainstem

1. Clackamas Co./WES/River 9. Oak Lodge Water Services
Grove/Happy Valley District
2. Multhomah Cao. 10. West Linn
3. Marion Co. 11. Gladstone
4. OR Parks and Recreation Dept.  12. Oregon City
5. Port of Portland 13. Canby
6. Portland 14. Wilsonville
7. Milwaukie 15. Newberg
8. Lake Oswego 16. Metro
17. ODA
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Draft TMDL five-year report

 DMAs have been identifying and protecting CWR since
2006 and will continue to iImplement protection strategies

over time

« Six of the DMAs implemented approximately twelve
projects in support of CWR (not all DMAs were required to
report)

— e.g. Oaks Bottom Project, contributing $ for USGS CWR study
 The CWR report will provide additional clarity to DMASs on
where these CWR are located
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What about other DMAs not along the mainstem?

DEQ encourages any DMA In the Willamette Basin to take
steps to protect other CWRs identified in other waterbodies,
as well as implement actions to bring cooler waters
downstream to Lower Willamette mainstem CWRs.
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