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• A dam removal 
story in 3 acts

• Act I: Elwha

• Act II: Powell 
Center Synthesis

• Act III: Now and 
into the future

Outline
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A little bit about myself
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USGS Ecosystem Mission Area
• Molecular to ecosystem-scale 

studies conducted to advance 
the understanding of the 
Nation’s natural resources.

• Strictly a science agency

• No management or 
regulatory authority

• No creation of public policy

• No advocacy.  
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Act I: The Elwha
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Elwha Dam

Dam photographs courtesy John Gussman

• 64 m concrete arch
• Completed in 1927

Glines Canyon Dam

• Removed in 2014
• ~36 mo.

• 32 m concrete gravity 
• Completed in 1912

• Removed in 2012
• ~8 mo.

Elwha Dam

Elwha basics
>90% Habitat lost
~98% decline of salmon populations
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• Privately owned dams were old and required fish 
passage upgrades to receive FERC relicensing.

• Dams power production averaged 19 megawatts, 
enough for ~50% of a local paper mill’s needs. 

• Native Elwha salmon still present, but in critically low 
abundances supported by some hatchery production.

• High-quality habitat for salmon spawning and rearing 
available upstream of the dams, protected inside of 
Olympic National Park.

• A perfect opportunity of economic necessity and 
environmental opportunity results in the Elwha River 
Ecosystem and Fisheries Restoration Act of 1992

Why dam removal?
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Planning and executing dam removal on the Elwha River

• Purchase of dams: $29 million US

• Cost of removal: $27 million US

• Dam removal mitigation: $269 million US
• Industrial water treatment

• Drinking water treatment

• Raise flood control levees

• Compensate floodplain property owners

• Transition Tribal reservation from septic to city sewer

• Rebuild Tribal fish hatchery

• Revegetation of reservoir surfaces
• Scientific monitoring (primarily flow and sediment)
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K Denton & Associates
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2022 
Elwha 
ScienceScape 
Symposium

Elwha’s Secret Sauce: Maintaining and Building Partnerships

Collaboration
is

Key
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The impact of the Elwha in books…

Published in 2012

Published in 2013

Published in 1995

Published in 2022
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… film …
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… news …

Communication
Is 

Key
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… and perspectives.

U.S. Senator Bill Bradley, 2011, at the Elwha Tribal celebration of the start of dam removal

Source:  Mark Anderson, clip from YouTube “Elwha River Dam Removal Ceremonies” footage at:  
https://www.youtube.com/watch?v=o5AYmWd4Zeg

Champions
are
Key
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Act II: Dam Removal Synthesis
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Working Group
Dam removal: synthesis of ecological and physical responses

USGS John Wesley Powell Center for 
Analysis and Synthesis
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Working Group
Dam removal: synthesis of ecological and physical responses

USGS John Wesley Powell Center for 
Analysis and Synthesis
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Challenge#1 in understanding and predicting recovery trajectories 
is that ecological responses vary spatially and temporally 

Foley et al. 2019 Water Resources Research

Challenge#2: The local and regional context of 
each dam and watershed is distinct, and 
therefore, the responses to removal are unique. 

Foley et al. 2017 PLoS ONE

A heuristic model among a vast amount of variability
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Use conceptual models to:

• Define the processes affecting 
ecological responses to dam 
removal

• Clarify how ecological transitions in 
3 main spatial domains are affected 
by dam removal

• Illustrate that responses are 
complex but predictable

Predicting dam removal outcomes
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Conceptual Models
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Summary of anadromous fish upstream of the dams
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The “Riverscape Approach”
• Continuously collected adult and juvenile fish 

data from headwaters to the sea.
• Adults: Bull Trout, Resident Trout, Chinook 

salmon, Steelhead
• Juveniles: Coho, Chinook, Trout.

Riverscape surveys before and after dam removal
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Chinook
• Before dam removal, Chinook limited to downstream of 

Elwha Dam
• After dam removal, adults detected upstream of each 

dam, but densities highest in reaches downstream of 
Glines Canyon

Summer Steelhead
• Before dam removal, scarce (presumably extirpated)
• After dam removal, large increases driven by 

“reawakening of anadromy” from resident trout 
populations (Fraik et al. 2021).

From Duda et al. 2021. Frontiers in Ecology and Evolution

Riverscape results for two threatened species
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Dippers feeding on Elwha salmon 
tissues and eggs:

• Increased marine derived 
nutrients (MDN) in tissues

Tonra et al. 2015, Biological Conservation; Tonra et al. 2016 Ecography

In areas with salmon, dippers:
• Had higher survival (11%)
• 13x more likely to be year-
round residents
• 20x more likely to attempt 2 
broods per year instead of 1 
brood

Increasing MDN
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With salmon

Without salmon

Upstream of the dams: dippers respond to salmon nutrients
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Upstream migration via radio-telemetry

Bull trout: Reawakening of whole river migration
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Both reservoirs contain 21 million m3 of sediment
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Former reservoirs – sediment redistribution

Ritchie et al. 2018. Scientific Reports
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Former reservoirs – novel ecosystems emerge
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Chinook spawning

McHenry et al. Technical Report 2020
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Riparian/Upland revegetation

Prach et al. 2019 Restoration Ecology 2020

J 
C

h
e
n
o
w

e
th

 N
P
S



Chinook spawning

Former reservoirs – novel ecosystems emerge
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Magirl et al. 2015 Geomorphology

Downstream– here comes the sediment, wood, and shifting 
geomorphologies

Morley et al. 2020 PloS One

Upstream

Downstream

Upstream

Downstream

Photo: Tom Roorda
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5.4 Million Tonnes deposited
(5.0 sand and gravel + 0.4 fines)

*60 hectares new estuary habitat

Photo: John Gussman
Warrick et al. 2019 Scientific Reports

Coastal response
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Effects of sediment deposition on available habitat types

Foley et al. 2017 Ecological Monographs; Perry et al. 2023 Frontiers in Ecology and Evolution

Coastal response

Vegetation Increase:
Marsh + 6.5 ha
Pioneer + 5.2 ha
Willow/Alder   +2.6 ha

Long-term datasets
are
Key

32



Act III: Now and towards the future
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Research collection @Frontiers: Large dam removal

Rivers 
featured:
Elwha
Sélune
Klamath
Penobscot
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https://data.usgs.gov/drip-dashboard

• A tool to explore trends about dam removal science and 
query scientific studies that evaluate environmental 
response to dam removals.

• Studies of dam removals from 13 countries (73% U.S.)

Dam removal information portal (DRIP)
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doi: 10.3389/fevo.2023.1215471

Expanding DRIP: dam removal cost database
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Condit Dam Removal—White Salmon River, WA, USA



Cost of dam removal - overview

Duda et al. 2023. Frontiers in Ecology and Evolution

77

n=542

30

19

Database on dam removal cost
• Reported cost for 668 projects from 1965-2020; 

approximately 38% of total
• Inflation adjusted cost to 2020 $USD

• 38% dam removal costs= $1.522 Billion

• 100% dam removals = $4.366 Billion

37



Model dam removal cost as a 
function of:
• Dam attributes – Age, height, 

length, material, purpose
• Site/Watershed attributes - 

Annual discharge, Watershed 
Area, Region, stream order

• Cost-drivers/Complexity
• Goal: Order-of-magnitude cost 

estimates for relevant scenarios 
to inform dam decisions and 
priortization

Duda et al. 2023. Frontiers in Ecology and Evolution

Dam removal predictive cost model
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Dam removal predictive cost model

• Cost model created using both regression trees and Machine 
Learning (Gradient Boosted Quantile Regression)

• Model cost against predictor variables

Duda et al. 2023. Frontiers in Ecology and Evolution. 

80%  of the data to train the model 20%  of the data to test the model

• Actual vs. Predicted: 
• R2 = 33.8%  & MAE = $1.4M

• Actual costs encompassed 
within prediction intervals

Savage Rapids dam before (above) and 
after (below) removal. 
Photo : ODFW
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https://wrises.shinyapps.io/DamRemovalCost
PredictiveModel/

Dam removal cost model Shiny App

Duda et al. 2023. Frontiers in Ecology and Evolution. 40



Smith, Redwood, Mad, Eel, Russian, Cape Mendocino, Mendocino Coast, and 
Bodega watersheds 

A decision-support framework for dam removal planning and its 
application in northern California

Suman Jumania,b*, Lucy Andrewsc, Theodore E. Granthamc, S. Kyle McKayd, Jeffrey Dudae, 
Jeanette HowardfVol 12:100731
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• Even “the basics” can be 
hard to come by
• Who, what, where, 

why, and how?

Big data for dam removal – an aspiration not fully realized

Global/continental data sets on Dam Removal 
are extremely valuable … but largely 
incomplete (aside from “maps with pins”).
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“The Basics” for each dam removal
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• Not every project will have 
“Elwha” resources ($)

• Record “the basics”

• ID the most important Q’s 
that are locally relevant

• Citizen/Community science

• Technology

• Drones

• Publicly available satellite

• eDNA

• Long-term photo points

What to do when resources are limited?
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Thank you—Gracias—Merci—Grazie—Go raibh 
maith agat—Danke—Dankjewel—Kiitos—
Obrigado—Dziękuję—Hvala—Tak—Děkuji vám—
Ďakujem—Diolch—Köszönöm—Ευχαριστώ—
Paldies—Vă mulțumesc
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Elwha impact: inspiration and hope

Source:  A. Kojima, P. Pearsall, J. Gussman. Clip from USGS Geonarrative “The Elwha River: Landscapes of Recovery” 
https://geonarrative.usgs.gov/elwhariverrestoration/

Pao Fernandez-Garrido, Dam Removal Europe, 2022, at the Elwha ScienceScape conference
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