Enloe Dam Removal: Case study in Connectivity
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Enloe Dam - Location

* North Central Washington

« Similkameen River - Rkm 14
« 70% of flow Okanogan River
« Similkameen Basin 7,500 km?
« ~ 80% in British Columbia

Seattle




Enloe Dam — Characteristics and Comparison

54 feet tall, 276 feet wide

* Thickness: 40 feet bottom, 6 feet top

Size Comparison

', size Elwha Dam

« 1/3 size of Iron Gate Dam




Enloe Dam - History
 (Gold discovered 1859

« Mining camps established

« Power production at Enloe 3.2 MW

* Operated until 1958; Columbia River
Dams - less expensive electricity
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Major Milestones

2019 — OPUD ceases power production §
at Enloe Dam - cost prohibitive

2022 - OPUD Commissioners passed
resolution #1775 “supporting a

process to evaluate potential Enloe
Dam Removal”

2023 - NOAA Barrier Removal Fish

Program - award to fund a feasibility
study




Sediment Evaluation - VVolume

Bedrock: 2.9 million yds3

Bedload lens: 560,000 yards?

Sediment Thickness (BSWI)2 |
5311

50 ft

40 ft

104408
1042 ft
1040 It
1038 1......
1036 M........

1034 (t..,_

.............................

.......




Sediment Core Locations 2019 (6), 2022 (22), 2024
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Impounded Sediments and Arsenic

 Arsenic is adhered to silt
« concenftrated in the reservoir

« common inriver and floodplain downstream ]
 lessin the reservoir than previously believed [ ]
‘»Wl,-] —002 fE V- . Inside
: Looking NE | le
,/, 4

Arsenic concentrations = 120 ppm

Enloe Dam

OR24-35
o4 3c
s o Plunge+30
409 Azimuth 018

> 0. 125 25%, 75500
e




Summary Statistics — Total Arsenic (mgrkg)

Arithmetic Geometric 95% UCL
Mean Mean

Reservoir — Bulk Sediment 108 2.4 4,030 185 22 275

12 32.4
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Downstream - Surficial Sediment! 59 0.24 140

1. Collected by Colville Tribes’ staff (2024) and Kennedy Jenks (2023)
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SEDIMENT TRANSPORT-DEPOSITION - -
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Cumulative Depsosition in Reach (tons)
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Sediment Concentrations Downstream of Dam

Median: Enloe Dam (downstream)
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« Simulations qualitatively consistent with Feasibility estimates, with
slight shift due to change in dam removal timing

» Elevated concentrations staring Oct continuing until end of spring
snowmelt of first year



Enloe Dam — Feasibility Study Alternative Ranking Cateqories

Technical: Can the dam be removed (benefits and negative impacts)
Permit-ability: Time would take to obtain permits for removal

Risk: Is there insurance to cover Okanogan PUD and other stakeholders
Affordability: How much would the various alternatives cost

Feasibility Study Action Alternatives

A0 No Action 14
A1 Dam Removal with minimal sediment removal. 3.7
A2 Dam Removal with majority of sediment removed by dredging. 3.5

A3 Dam Removal with selected sediment removal 3.7



Elutriate Testing

« Site water collection

« Composite sampling from highest concentration archived samples
» Generation of control samples

« Dilution series elutriate preparation

» 96-hour elutriate bioassay testing using daphnid and rainbow trout

 Evaluation of acute toxicity to assess compliance with water quality
standards




Elutriate Testing — Elutriate Water Results

Sample ID Total Arsenic
Concentration
(microgram per liter
(ng/L])

0.875J

Control- rainbow trout 215
(Oncorhynchus mykiss)

1,940

163

8.09

Control- water flea 1.00U
(Ceriodaphnia dubia)

Dissolved Arsenic
Concentration

(nglL)

0.707 J

104

10.5

1.97

1.00U

WAC 173-201A-24 (March 2025) for dissolved fraction:

Freshwater acute toxicity = 300 ug/L and
Chronic toxicity = 130 ug/L

Total Organic
Carbon
Concentration
(milligram per liter
[mg/L]) (mg/L)

3.97

4.63

4.27

3.77

0.347 J

0.500 U

Water collected from Similkameen River

Elutriate water generated from Comp-1
Sample

Elutriate water generated from Comp-2
Sample

Elutriate water generated from control sample

Lab Control Sample

Lab Control Sample



Elutriate Testing — Rainbow Trout Survival

Table 3-1. Survival Summary for the Water-Column Test with Oncorhynchus mykiss.

Mean Survival Standard Statistically Less Than
Sample ID Conc. (% . .- L
P (%) (%0) Deviation Control? =
Control 100 0.0
Similkameen River Site Water 100 0.0 No
10 98 4.5 --
25 100 0.0 —
EDR24-10 =100
>0 100 0.0 --
100 100 0.0 No
10 100 0.0 --
25 100 0.0 —
EDR24-COMP1 =100
>0 100 0.0 --
100 100 0.0 No
10 100 0.0 --
25 100 0.0 --
EDR24-COMP2 =100
>0 98 4.5 --
100 98 4.5 No




Elutriate Testing — Water Flea Survival

Table 3-7. Survival Summary for the Water-Column Test with Ceriodaphnia dubia.

Mean Survival Standard Statistically Less Than
Sample ID Conc. (% . .- L
P (%) (%) Deviation Control? =
Control 96 8.9
Similkameen River Site Water 100 0.0 No
10 92 11.0 -
25 96 8.9 -
EDR24-10 =100
>0 96 8.9 -
100 100 0.0 No
10 60 37.4 -
25 54 16.7 -
EDR24-COMP1 =100
>0 96 8.9 -
100 100 0.0 No
10 92 11.0 -
25 100 0.0 -
EDR24-COMP2 =100
20 100 0.0 -
100 96 8.9 No




Summer Steelhead Spawning Estimate

Enloe Dam — Potential

Salmonid Production®

 Redds: Chinook:

77,863

Steelhead: 203,310

e Adult;

Chinook: 7,800 to 47,000

Steelhead: 29,000 to 118,000

*Bond, M. H., T. J. Beechie, and G. R. Pess. 2023.
Habitat Capacity for Chinook Salmon and
Steelhead Spawning and Rearing in the
Similkameen River Basin. U.S. Department of
Commerce, NOAA Contract Report NMFS-
NWFSC-CR-2023-01.
https://doi.org/10.25923/xf8y-x065

1400 -
1200 A
Natural-Origin Minimum Abundance
1000 1 Threshold
800 -
600 - o
______________‘_‘-; ———————— p.‘: ______________________
400 - S Mo
o O q y = -4.6935x+ 9677.1
; o
s °
200 A o I ® — o
0 o ° PR o S O g QT
° 7
0 1 1 T T 1 T T T 1 1 1
2003 2005 2007 2009 2011 2013 v 2015 2017 2019 2021 2023 2025
ear

OBMEP — CCT Fish & Wildlife

N Steelhead
spawning redd
capacity per 200 m

reach
1-15
16 - 30
31-58
—59-119
— 120 - 435
k\-,.
4 ”v;f-’~\\
§ “Sun
N
'\_\W
‘(.,
J
K 4
{ 1

20 Kilometers



https://www.cct-fnw.com/obmep
https://www.cct-fnw.com/obmep
https://www.cct-fnw.com/obmep

Okanogan Basin — 2040 — Mean Monthly Water Temperatures
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Enloe Dam — Summary

Enloe Dam inoperable since 1958, comparatively small to other dam removal
Sediment deposition increase water elevation ~ 0.2 ft., increase gravel recruitment
Arsenic associated with fine sediment, 90% mobilized at 5 years

Elutriate tests — meets water quality standards, bioassay LC50 non-issue
Substantial amount of habitat for Chinook salmon and steelhead (2,446 Km)

Steelhead returns low, Cllmate forecast reduced habitat, max. benefit - expedite
removal e R e




Enloe Dam — Next Steps

e Select action alternative — collaboration with OPUD and agencies

« Public outreach to local entities to summarize the feasibility study

« 30% design, basis of design report, planning cost estimate (May 2026)

« Initiate permitting process (meet with regulatory agencies, develop
applications, NEPA/SEPA etc.)




Questions - Comments
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