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EXECUTIVE SUMMARY 

Since the early 20
th

 century, the Elwha River  has been significantly altered by two 

hydroelectric dams which block passage of anadromous fish. In 1992, the U.S. 

Congress passed the Elwha River Ecosystem and Fisheries Restoration Act, 

requiring restoration of the ecosystem and the native salmon runs. Subsequent 

analysis determined that the dams would be removed, natural processes would 

redistribute the accumulated sediment, and restoration of native vegetation  

would be a central component of the project.  

Revegetating the reservoirs after dam removal is essential to ecosystem 

restoration. Draining the two reservoirs will expose almost 800 acres.  Nearly 18 

million cubic yards of sediment has accumulated in the r eservoirs and much of 

it will be redistributed by the river as the dams are removed. The dewatered  

reservoirs will have few biological legacies valuable to restoration such as soil 

microbes, standing snags, or residual live plants. Soil nutrients and moist ure  

availability will be low, and evaporation will be high due to  intense  sun and wind  

exposure . Much of the area will be far from intact forests which could provide 

seeds, spores, and detritus to speed succession. Thus, natural primary 

succession of the dewatered  reservoirs would be slow. Populations of invasive 

exotic species may also influence the development of native vegetation.  

The goals for revegetating the reservoirs are to minimize  invasive exotic species  

establishment , stabilize ecosystem process es and establish native forests. To 

achieve these goals, revegetation crews will actively revegetate most of the 

exposed areas,  leaving areas close to native forests to regenerate naturally. The 

key strategy to prevent exotic species invasions is to contro l populations in the 

watershed before, during, and after dam removal to limit dispersal into the 

dewatered  reservoirs. To further minimize invasive species, biologists and 

revegetation crews will install a diversity of native plant species over a period of  

seven years , employ ing  multiple types of plant materials representing various 

life -stages (seeds, seedlings, and live -stakes). Installing plants into the 

dewatered  reservoirs will also stabilize ecosystem processes. Seeding the valley 

walls with grasses a nd forbs will limit the e rosion of fine sediments. Seeding the 

slopes will also hasten soil development. The primary objective of planting will 

be to initiate forest communities , particularly in central portions of the 

dewatered  reservoirs far from  surroun ding, intact forests. Succession to mature 

forest will be accelerated  by planting at variable densities and by installing 

dense patches of woody plants to facilitate plant survival and growth in the 

stressful conditions of  the dewatered  reservoirs.   
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1. INTRODUCTION  

The Elwha River watershed is an ecological resource of global significance, a 

large expanse of temperate, coniferous forest at relatively low elevation, most of 

which has never been subject to intensive management.  More than four -fifths of 

the watershed is within Olympic National Park ( ONP). Two hydroelectric dams, 

built in the early 20
th

 century, have significantly altered m any ecological 

processes  in the watershed . In the lower river, disrupted ecological processes 

include sediment and wood transport, thermal regimes, and floodplain 

connectivity. In the upper river, the dams have prevented the flux  of 

anadromous salmon and trout , depriving 93% of the watershed  of salmonids . In 

1992, the U.S. Congress passed the Elwha River Ecosystem and Fisheries 

Restoration Act, requiring full restoration of the watershed.  

The two dams on the Elwha River have blo cked fish passage to more than 70 

miles of high -quality habitat  for nearly a century . This has resulted in a 

precipitous decline of  native populations of all anadromous salmon and trout 

species  in the watershed . The two dams, Elwha Dam at river mile 4.9 , and Glines 

Canyon Dam at river mile 13 .4, have also fragmented the river ecosystem and 

inundated nearly 800 acres of land.  Following approval of the Elwha River 

Ecosystem and Fisheries Restoration Act , the Department of the Interior 

completed two analyses with public involvement, leading to two Environmental 

Impact Statements. The first determined that removal of both dams wa s 

necessary to restore the ecosystem (DOI 1995). The second determined that the 

most appropriate method of implementation would include allowing river flows 

to naturally erode sediments accumulated within the reservoir basins and 

active ly restoring native vegetation and anadromous fish stocks (DOI 1996). 

Both Environmental Impact Statements acknowledged that restoration of native 

vegetation is an important component of ecosystem restoration . Vegetation 

restoration is critical for achieving fisheries restora tion . Without native 

vegetation restored to the riparian zones and surrounding uplands, the 

dewatered reservoirs will become barren landscapes susceptible to erosion, and 

the terrestrial ecosystem will fail to moderate stream temperatures or deliver 

nutrit ious litter crucial to aquatic ecosystems (DOI 1995, 1996, Naiman et al.  

2005, Apostol and Berg 2006).  

The U.S. Department of the Interior (DOI) acquired both dams in 2000 as part of 

the Elwha restoration project. The Elwha Dam and Lake Aldwell are located  

outside of ONP, but are currently managed by the DOI. The dewatered  reservoirs 

will expose nearly 800 acres of land that has been inundated for 80 -100 years. 

The exposed landscape will be completely devoid of vegetation.  The physical 

environment in the ba sins has been significantly altered due to the anaerobic 

condition of the inundated, former forest soils and the accumulation of nearly 

18 million cubic yards of sediment. For revegetation to be successful, it must be 

planned using modern ecological theori es and rigorous scientific principles, and 

simple and clear goals and objectives must be established.  
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The purpose of this document is to succinctly describe planned actions by 

Olympic National Park and the Lower Elwha Klallam Tribe  to restore native 

vegeta tion following removal of the two Elwha River dams. The conceptual 

underpinnings of this approach will be presented in a sep arate document 

(Chenoweth et al.  in prep .).  

This document is in two parts : the first set s the stage for dam removal , and  the 

second explai ns the parkõs proposed response. Chapters 2 through 4 describe 

the human history (especially the hydroelectric projects), physical geography, 

and ecology of the project area. Chapter 5 weaves these threads together to 

anticipate the set o f circumstances under which revegetation will occur.  

The second part of this document begins by explaining the goals and objectives 

for revegetation and then lays out the details for the  control of invasive, exotic 

plants and restoration of native vegetat ion. The document concludes with a 

description of the parkõs plan to monitor vegetation change and use the 

resulting information to guide remedial actions (i.e.  adaptive management).  

This restoration plan is a working document that will be adapted as new 

information becomes available. It is the basis for the site -specific prescriptions 

that will be  developed as the water recedes and actual conditions can be 

observed on the ground.  
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2. LAND USE HISTORY OF THE PROJECT AREA 

THE HYDROELECTRIC PROJECTS 

The Elwha and Glines Canyon hydroelectric projects are located on the Elwha 

River on the Olympic Peninsula in Washington State  (Figure 1) . The Elwha dam, 

constructed from 1910 -1913, is located at river mile 4.9. The dam impounds 

8,100 acre -feet in the Lake Aldwell reservoir  (Figure 2) . The reservoir is 2.8 

miles  long and as much as 0.25  miles  wide with a maximum depth of just less 

than  100 feet . The reach of the river inundated by Elwha Dam includes thre e 

distinct topographic areas: a moderately confined valley immediately upst ream 

of the dam site, a bedrock -confined meander in the middle portions and a wide, 

unconstrained alluvial valley at the upstream portion. The Glines Canyon dam, 

constructed from 19 25-1927, is located at river -mile 13.4 . The dam impounds 

40,000 acre -feet of water in the Lake Mills reservoir  (Figure 3) . The reservoir is 

nearly 2.5 miles  long, 0.5  miles  wide, with a maximum depth of just less than  

200 feet .  

Figure 1. Location map of the Elwha watershed  
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GLINES CANYON DAM AND LAKE MILLS AREA 

The Glines Canyon Dam project area lies entirely within Olympic National Park. 

The Lake Mills reservoir inundates approximately 438 acres. Dam facilities cover 

another 5 -10 acres. Most of the forested area surrounding Lake Mills is 

designated fe deral wilderness. Revegetation of the Lake Mills basin must not 

interfere with t he National Park Service õs mandate to conserve native plant and 

animal species and perpetuate natural processes. The revegetated lands will be 

managed for backcountry/wilderness use, and may be designated as wilderness 

in the future (DOI 1996). Some features of the hydroelectric project, su ch as the 

spillway and powerhouse may be maintained for inte rpretive value (DOI 1996). 

Remaining Glines Canyon Dam facil ities  will be removed and the site restored to 

a natural state. ONP will be the lead agency man aging the restoration of the 

Glines Canyon Dam and Lake Mills area.  

ELWHA DAM AND LAKE ALDWELL AREA 

The Elwha Dam and the land surrounding Lake Aldwell was purch ased by the 

Department of the Interior to facilitate the removal of the dam. In total 10 61  

acres, including Lake Aldwell, are part of the Elwha Dam Project Lands.   

Approximately 340  acres are inundated by Lake Aldwell. The remaining acreage  

is second -grow th forest bordering the reservoir,  riparian bottomlands, and other  

project facilities such as roads (DOI 1996) . LEKT will be the lead agency 

man aging the restoration of the Glines Canyon Dam and Lake Mills area.    
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Figure 2. Digital orthophoto (2006) of Lake Aldwell. The reservoir  and project lands are surrounded 

by heavily managed timberlands. 

 

 

Elwha 

Dam  
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Figure 3. Digital orthophoto (2006) of Lake Mills. The reservoir is surrounded by Olympic National 

Park wilderness. 

 

      Glines Canyon Dam  
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3. PHYSICAL SETTING  

The Elwha River watershed is one of the largest on the Olympic Peninsula , with 

an area of nearly 212,315 acres (Figure 4) . The headwaters of the river are in the 

center of the Olympic Mountains at 4800 feet near the Dodwell -Rixon Pass in 

the Bailey Range , the main hydrographic divide on the Olympic Peninsula . From 

the headwaters to the mouth of the river, the main channel runs mostly  north 

for 45 miles and drain s into the Strait of Juan de Fuca.  

The precipitation gradient wit hin the watershed is steep due to orographic 

effects. Near the headwaters , precipitation is estimated to average more than  

140 inches per year. Precipitation decreases as the river moves north.  

Precipitation in the Lake Mills area averages more than 70  inches per year , while 

less than 50 inches of rain falls near the north end of Lake Aldwell (Oregon State 

University 2005).  Annual precipitation declines to 30 -40 inches at the mouth of 

the river ( Oregon State University  2005).   

Forms  of winter precipitat ion change with increasing elevation and decreasing 

temperature: mostly rain below 1000 feet, mixed rain and snow between 1000 

feet and 2500 feet, and mostly snow above 2500 feet (Houston and Schreiner 

1994). The surface elevations of Lakes Aldwell and Mil ls are about 200 feet and 

600 feet, respectively. The climate in the area surrounding the two reservoirs is 

typically mild , with wet winters and relatively cool  and  dry summers.   

LOCAL TOPOGRAPHY AND GEOLOGY 

Area topography is rugged , with local  relief exceeding 4500 feet and slopes of 

40° or greater  around Lake Mills . The mountains around Lake Aldwell rise up to 

2150 feet. Several small, steep -gradient tributary streams enter the valley s from 

these side -slopes. In Lake Mills, t he largest are Hur ricane, Sege, and Wolf Creek 

on the east side of the reservoir, and Boulder, Cat, and Stukey Creek on the west 

side  (Figure 5) . The main tributary entering Lake Aldwell is Indian Creek, which 

enters the reservoir from the southwest.  

The Elwha River overli es heavily -folded and faulted sedimentary and 

metamorphic rocks. Outcrops of rock  exposed along the shoreline of Lake Mills 

are diabase, a fine -grained intrusive igneous, rock similar  to basalt. Near the 

south end of the lake , outcrops are primarily crenul ated slates. In the valley 

bottom, surficial geology is dominated by glacial deposits and recent colluvium.  

During the last Ice Age, the Cordilleran ice sheet dammed the Elwha River, 

causing deposition of sediments in deltas and terraces beneath glacial L ake 

Elwha (Tabor 1987). After glacial retreat, the Elwha River cut rapidly through 

these deposits , leaving steep -sided slopes which have subsequently been 

modifi ed by mass -wasting and erosion. Such deposits dominate the western  

shore of Lake Mills and appear to extend down into the reservoir. Unstable 

deposits have led to several mass movement events evident above the lake.                                                        



8 

 

 

Figure 4. The Elwha watershed. 
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Lake Aldwell has many recent landslide areas on the reservoir rim (BOR 1996). In 

the northwest corner of Lake Aldwell is a landslide believed to have occurred 

during construction of the Elwha Dam ( T. Randle, U.S. Bureau of Reclamation, 

per sonal communication ). Future behav ior of these potential landslide areas will 

be monitored during and after dam removal (Randle and Bountry 2009).   

LANDFORMS BENEATH THE RESERVOIRS 

The areas now occupied by the reservoirs previously contained diverse habitats, 

including riparian and uplan d land areas. Most of the area beneath the 

reservoirs will become valley bottom  upland terraces or valley wall landforms.  

The likelihood that the river channel will migrate after dam removal makes 

precise predictions of the location and acreage of specifi c landforms within the 

basin difficult. By comparing  bathymetric maps of the reservoirs to maps of 

similar reaches elsewhere in the Elwha drainage , it is possible to roughly 

estimate the acreage within broad landform types. The bathymetric map of Lake 

Mill s is based on 36,650 sonar points taken throughout the lake  in 2005 (Figure 

5). The bathymetric map for Lake Aldwell is based on  the 1913 topography map 

(Figure 6).  

THE VALLEY BOTTOM ZONE 

The valley bottom z one has three landforms of significance  to revege tation : 

floodplain, terraces and fan terraces. Valley bottom landforms receive resources 

from slopes above the valley, and can be considered resource -rich relative to the 

surrounding landscape (Apostol et al.  2006). The valley bottom zone in Lake 

Mills is estimated to be 205 acres , and  the valley bottom zone in Lake Aldwell to 

be 1 84  acres.  

THE FLOODPLAIN 

The floodplain is defined here as the landforms directly within the influence of 

the river and includes the active floodplain, the river channel, and adjacent 

wetland areas (North Cascades National Park Geology Staff 2005). The 

floodplain is subject to dir ect fluvial erosion, deposition, and flooding. The 

floodplain will be the least stable zone within the reservoirs after dam removal. 

The floodplain in Lake Mills is estimated to be 74 acres and the floodplain in 

Lake Aldwell to be  50  acres.  

TERRACE AND FAN TERRACE LANDFORMS 

Fan terraces are abandoned alluvial fans made up of sands and gravels. They are 

moderately sloped to flat. Alluvial terraces are relatively flat surfaces of sands 

and gravel deposited by rivers. They are remnant floodplains older than 10 0 

years (North Cascades National Park Geology Staff 2005). The main difference 
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between terraces and fan terraces is that fan terraces are formed in  the shape of 

a fan at the junction of a tributary stream and a larger river or valley feature 

(USDA 2007). Fan terraces and terraces are estimated to cover 131 acres in Lake 

Mills and 117  acres in Lake Aldwell.  

VALLEY WALL ZONE 

The valley wall zone  includes  erosional landforms perched on the valley wall, 

and  depositional landforms , such as alluvial fans,  located  in the transition area 

where the valley wall meets the  valley bottom.  These are upland landforms, and 

will likely remain outside of the riverõs influence after dam removal. The 

landforms in this zone are quite variable, ranging from moderately -sloped areas 

composed  of sands and gravels such as alluvial fans (slopes less than 5 degrees) 

to steeper areas containing rocks and boulders such as debris cones (slopes 

greater than 10 Ě). Other landforms that occur on valley walls include avalanche 

chutes, debris av alanches, river canyons, and bedrock benches. River canyons, 

such as the one located near the center of Lake Aldwell, are V -shaped valleys 

incised in bedrock by steep -gradient streams. Valley wall landforms will cover an 

estimated 146 acres in Lake Mills a nd 104  acres in Lake Aldwell.  

 CONDITIONS PRIOR TO INUNDATION  

Both dams inundate relatively unconstrained, low -gradient valleys (Figure 7). 

Prior to inundation, the  valleys  were logged,  leaving stumps scattered across the 

valley bottom (Figure 8). The stumps are still evident in the upper reaches of the 

reservoirs, where sediment accumulations are thin (Figure 9). Logging  

operation s left unburned slash and uncut riparian trees such as red alder, big -

leaf maple, and black cottonwood  (Figure 10 ).  
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Figure 5. Lake Mills bathymetric map. This map is based on 2005 sonar. Several tributaries enter the 

reservoir from the surrounding slopes. 
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Figure 6. Lake Aldwell bathymetric map.  
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Figure 8. Lake Mills prior to inundation (looking north).  

Figure 7. Lake Mills prior to inundation (looking south). Date and photographer unknown, Clallam 

County Historical Society photo. Note the riparian trees left standing after the upland areas were 

logged. 
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Figure 9. Stumps exposed on Lake Mills shoreline during a 2009 drawdown.  

Figure 10. Lake Mills during inundation (1927). The tops of riparian trees are evident in 

the middle of the lake. 
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ACCUMULATION OF WOODY DEBRIS 

Both  of the reservoirs have been passive receptors of  debris f loating down the 

Elwha River and tributaries  for the last 80 -100 years . The woody debr is ranges 

in size from huge old -growth logs to small sticks and fragments . Some of the  

wood float s to the shoreline and eventually sink s (Figure 11). Many of the logs 

tha t accumulate after large storms are pushed over Glines Canyon Dam . 

However, large quantities of b uried and exposed wood will remain  in the Lake 

Mills basin after dam removal , with t he highest concentrations perched along  

the shoreline  (Figure 1 2). Along th e shoreline of Lake Aldwell, large woody 

debris is not abundant. Although large quantities  are not expected , it is not 

clear how much wood will be present in Lake Aldwell after dam removal .  

RESERVOIR SEDIMENTS 

Since 1913 and 1925, large quantities of sediment have accumulated in the 

reservoirs : Lake Aldwell has an estimated 3.9 million cubic yards (22% of the 

estimated total amount ), while Lake Mills contains an estimated 13.8 million 

cubic yards  (78% of the estimated total amount) (BOR 1996). Roughly half of the 

sediment (52%) is fine textured (silt and clay), and half (48%) is coarse textured 

Figure 12. Woody debris exposed during 10 ft 

drawdown of Lake Mills (2009). View is looking south 

toward Windy Arm. 

Figure 11. Woody debris accumulations along 

Lake Mills shoreline at full pool. View is 

looking north towards Windy Arm on the 

eastern shore. 
























































































































































































































































