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EXECUTIVE SUMMARY

Since the early 20 ™ 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 | 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 ™ 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
vegetation following removal of the two Elwha River dams. The conceptual
underpinnings of this approach will be presented in a sep  arate document
(Chenoweth etal. inprep .).

This document is in two parts  : the first set s the stage for dam removal , and the
second explai nst h e p progosedresponse. 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
descriptionof t h e p @lankddnwonitor 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.



2. LAND USE HISTORY OF THE PROJECT AREA

THE HYDROELECTRIC PRJIECTS

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 reservoiris 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 .
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Figure 1. Location map of the Elwha watershed



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 & snandate 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.

ELWHADAM 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 reservair, 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.



Figure 2. Digital orthophoto (2006) of Lake Aldwell. The reservoir and project lands are surrounded
by heavily managed timberlands.




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




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 Is 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 TOPOGRAPHYAND 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.
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Figure 4. The Elwha watershed.



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,
personal 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 ¢ 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 184 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.

TERRACEAND FAN TERRACELANDFORMS

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

wi || |l i kely remain outside of theThei verds infl ue
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 E). 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 Millsa nd 104 acres in Lake Aldwell.

CONDITIONS PRIOR TOINUNDATION

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 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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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
that 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

Figure 11. Woody debris accumulations along Figure 12. Woody debris exposed during 10 ft
Lake Mills shoreline at full pool. View is drawdown of Lake Mills (2009). View is looking south
looking north towards Windy Arm on the toward Windy Arm.

eastern shore.

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
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(sand, gravel, cobbles) (BOR 1995). Because lateral migration of the river
channel is not expected to occur over the entire width of the reservoirs, a
proportion of the accumulated sediment will remain (BOR 1996).

The current distribution of sediments is reasonably well known. The Bureau of

Reclamation (BOR 1995) estimates that the downstream portions of Lake Mills
are covered with about 5 million cubic yards of sediment, more than 90% of
which is silt or clay. The farthest downstream portion of the reservoir, referred

to as the reservoir floor ( Figure 1 4), is estimated to be 98% silt and clay . The
middle portion of the lake , referred to as the pro -delta, is 89% silt and clay (BOR
1995). The fine sediments are ‘ ;

estimated to range in depth

from 20 -40 feet in the pro -
delta and to be progressively

thi nner northward along the
bottom of the reservoir  and
towards the margins of the

lake (BOR1995) . The texture of
the sediments in the upper
reaches of the reservoiris  not
uniform. Along the shoreline ,
wave action has influenced
sediment deposition. Wave
action is more active on small

landforms that protrude out : Pd oy M R R S S
into the lake, Ieaving onIy Figure 13. Sand and gravel deposits at the mouth of Stukey
coarse sands and gravels and Creek, Lake Mills. Photo taken during the 2009 drawdown.

no fine sediment . Atthe mouth s
of small creeks, deltas of sands have formed (Figure 1 3).

The deltas at the upstream end of  Lake Mills are composed of about 7 million
cubic yards of sediment, about 80% of which is sand, gravel, or cobbles ( BOR
1995 ). The delta is estimated to be 60 -80 feet thick. Based on aerial
photographs, the evolution o f the delta has been gradual. The first photograph
from 1948 shows no delta islands. By 1968, the first exposed delta islands had
formed. Vegetation is not apparent as late as 1981, but is apparent by 1990.

The reservoir floor (Figure 15) is covered by an estimated 6 -8 feet of sediment,
predominantly clay and silt (89  -96%) with most of the remainder  composed of
fine sands (3 -9%). Sediment depth along the rim of the reservoir is estimated to
average 2 feet (BOR 1995). Sediments in the pro -delta area of the | ake average
14 feet thick (86% clay and silt, 14% fine sands). Approximately one -third of the
total for Lake Aldwell is coarse sediments that have accumulated in the delta,

which is estimated to be  between 8-18 feet thick.

Samples of the fine sediments fro  m the reservoirs were submitted for | aboratory
testing to obtain  baseline data on nutrients, organic matter and cation exchange
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capacity . When compared to typical forest soils of the area, the fine sediment S
from Lake Mills are low in primary nutrients  including nitrogen, potassium, and
phosphorus, and lack organic matter (Table 1). The value for the micro -nutrient
boron is also low. The fine sediments from Lake Aldwell are also low in

potassium, organic matter and boron, but not in phosphorus (comparable data

for nitrogen were not obtained).

Water availability in the fine sediments may be limiting due to a lack of pore

spaces (Walke r and del Moral 2003). As a consequence, m  ycorrhizae are likely to
play an important role in  vegetation development after dam removal by

enhancing the ability of plantsto obtain nutrient s and water (Walker and del
Moral 2003) . In 2003 an assay of spores 0 f vesicular -arbuscular mycorrhizae
(VAM) in the fine sediments from Lake Mills was conducted . VAM spores were
measured because most of the native plant species likely to colonize soon after

dam removal require VAM spores in the soil, and because other type s of
mycorrhizae have smaller spores which cannot be detected in sediment samples
except by bioassays with host plants (Efren Cazares, Mycoroots, Inc., personal
communication). The assay found turgid, potentially viable VAM spores in an
average concentrati on of 12 per gram (Table 2), which compares favorably to

the highly -concentrated inoculum available commercially (50 spores/q). Spore
numbers were highly variable probably due to patterns of silt  deposit ion and
sampling bias. It would be useful to followu  p these results with bioassays for
viable propagules of a variety of types of mycorrhizae

Plant-growing trials conducted by = ONP and others suggest that the fine
sediments may exclude some plant life forms, while others may thrive in the

fine sediments. Th e one tree species tested in 2003 (  red alder ) was unable to
survive a single growing season in the fine sediments (27 of 30 died, compared
with survival of 29 of 30 individuals in a potting medium of peat, perlite,

gypsum and dolomite).  In 2006, a qualitat ive study examined germination and

establishment of native grasses and forbs. Seeds were spread into 1 -meter -
square boxes of fine sediments placed on a barge on Lake Mills. Native grasses
had high rates of germination and establishment while native forbs had poor
germination and establishment. In a quantitative study of germination rates on
the fine sediments, red alder and blue wildrye were tested. Blue wildrye
germination and establishment was significantly higher than red alder

(Chenoweth 2007). In anot  her study of plant growth responses in reservoir

sediments, germination and growth rates of two native species, thimbleberry
(Rubus parviflorus ) and Suksdor f &emigiasuksdordiio dand one
invasive exotic species , Canada thistle ( Cirsium arvense ), were low in the fine
sediments (Michel et al. 2011 ). Another invasive exotic species, Himalayan
blackberry ( Rubus discolor ) did not germinate at all in the reservoir sediments.
More studies are needed to better understand the influence of texture and soil
chemistry on species performance.
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Table 1. Chemical analysis of fine sediments from the reservoirs.

Lake Mills Lake Climax
) Aldwell :
Fine Fine forest Site
H 1 3
Sediments Sediments 2 Values
pH dlog 6.0-6.5 5.4 5.4-5.6
Phosphorus [P] ppm 1.0i 2.0 12.0 7.41H 9.2
Potassium [K] ppm 27.0-35.0 19.0 60.8 -82.6
Calcium [Ca]
meg/100g 2.3-34 3.1 4.0-10.1
Magnesium [Mg] 0.18 -0.44 0.5 0.35- 2.26
meg/100g
Total Nitrogen [N] % 0.09-0.11 n/a“* 0.15-0.22
: 10.25 -
) -
Organic Matter % 15-1.8 2.14 10.28
Cation Exchange
Capacity [CEC] 3.5-4.2 4.1 n/a
meg/100g
Boron [B] ppm 0.05-0.12 0.1 0.62-0.99
Zinc [Zn] ppm 0.40 -0.75 0.83 0.78 -0.84
Copper [Cu] ppm 5.0-6.24 2.75 1.05-1.41
29.60 -
Manganese [Mn] ppm 124.2 -200.1 | 66.0 30.74
Iron [Fe] ppm 173.4 73.9 n/a

'Test values from multiple mixed bottom samples obtained from 1) cove north of Boulder Creek on west side
of reservoir at depths of 25  -40 ft. in 1993, 1997, and 2001. Analysis by Central Analytical Laboratory, Oregon
State University, Corvallis OR.

*Test values from multiple mixed samples obtained from dredge spoils following turbidity filtration
experiments at City of Port Angeles Ranney well site 2002. Analysis by Central Analytical La boratory, Oregon
State University, Corvallis, OR.

*Mean value ranges from a total of 10 plots representing Tsuga heterophylla climax forest with understory
vegetation types comparable to forests around Lake Mills (Henderson etal. 1989) .

“Not available.
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Table 2. Vesicular-arbuscular mycorrhizal (VAM) spores in Lake Mills fine sediments

1 510 38

2 3 --

3 99 7

4 31 2
TOTAL AVERAGE *12

Analysis by Efren Cazares, MycoRoots, 1970 NW  Lance Way, Corvallis, OR 97330.

HISTORIC SOILS BENEAH THE RESERVOIRS

Maps from 1913 identify the soils of the valley wall s around Lake Mills as O0shot
clay and rock,é and the valley bottom soils

as
0shot claydé probably means hard, solid clays (D

Washington, personal communication). Contemporary soil samples from valley

wall areas ab ove Lake Mills are consistent with the 1913 maps. These soils
consistently had a silty -clay texture with a significant compo nent of rock (more
than 20% ).
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4. ECOLOGICALSETTING

A general understanding of the dynamics of natural vegetation in the
surrounding watershed is necessary for setting revegetation goals . tis
important to describe the immediate surroundings of both reservoirs, as these

are the most likely sources of colonizing plants, fungi and soil biota. In

particular, existing pop ulations of invasive, exotic plants will drive some site -
specific actions. Finally, revegetation activities must take into account known
populations of plant species with conservation significance (e.g., species listed
as endangered, threatened or sensitiv. e by federal or state agencies ).

VEGETATION COMMUNITIES OFTHE ELWHA WATERSHED

Due to the steep gradients of precipitation, elevation and temperature , the
watershed supports a diverse mix ~ of vegetation. Low to middle elevations are
mostly within the western hemlock zone (Henderson etal. 1989). Common
vegetation communities include the western hemlock/Oregon grape/sword fern

and western hemlock/salal associations. In the drier end of the watershed,
particularly on the steep slopes above Lake Mills and on t he slopes north of the
lake, the forests are dominated by Douglas -fir plant associations such as
Douglas -fir/(Oregon grape)/vanilla leaf and Douglas -firlocean -spray -wood rose
(WNHP 2008). The subalpine and montane vegetation communities in the Elwha
waters hed are within the subalpine fir and the silver fir zones (Henderson et al.
1989). Non -forest vegetation occurs in the subalpine and alpine zones above

5000 feet, dominated by shrubs in the heather family, sedges , and forbs
(Houston and Schreiner 1994).

FLOODPLAIN VEGETATION

The pattern of vegetation on floodplains in the Elwha drainage is typically

complex. Sparse herbaceous communities are found in the most active areas of
recently deposited sand and gravel. Species common in these conditions include
comm on woolly sunflower ( Eriophyllum lanatum ), blue wild rye ( Elymus
glaucus ), pearly everlasting (  Anaphalis margaritacea ), small willowherb
(Epilobium munitum ), Virginia strawberry ( Fragaria virginiana ) and seedlings of
willows an d red alder (Doss and Olson 1 994 ). Species composition of forested
floodplains is dependent on the age of the landform. Young surfaces are

typically dominated by Sitka willow ( Salix sitchensis ) or red alder, sometimes
with lesser amounts of black cottonwood. Conifers may also be prese nt, but are
usually suppressed until the hardwoods decline (Walker and Chapin 1986, Van

Pelt et al. 2006). Common herbaceous species are coltsfoot ( Petasites figidus ),
Cool ey ds h e Starkysahamisdomis yar. cooleyae), and Virginia
strawberry. Red a Ider can be particularly influential with respect to development

of floodplain vegetation, since it enriches mineral soils due to nitrogen fixation

by symbiotic microorganisms in nodules on its roots. After several decades of
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alder dominance, soil fertilit  y increases, allowing conifers and other late -seral
plants to establish (Hibbs etal. 1994, Van Pelt et al. 2006).

TERRACE VEGETATION

Most terraces are forested  with a variety of dominant species. Younger terraces

are dominated by red alder, black cottonw ood and bigleaf maple, with grand fir

or Douglas -fir present. Big -leaf maple stands are common on terraces in the

El wha drainage, usually with swordfern, sal monbe
(Circaea alpina ), snowberry and youth -on-age in the understory. So me older

terraces contain forest types common on steep valley walls, such as Douglas -

firrOregon -grape/vanilla -leaf (WNHP 2008).

VALLEY WALL VEGETATON

Valley walls in the lower Elwha drainage are us  ually covered by Douglas -fir
forests . Younger stands often contain deciduous trees such as bitter cherry,
western crabapple, and  Scouler willow s, which tend to be absent in mature
forests (Keeton and Franklin
2005).

Steep sites with shallow soils in

the Elwha valley contain unique
communities. Such sites are

usually dominated by native

herbs and shrubs such as
Roemer 6 s Hestusac ue (
roemeri ) , Martindale6
(Lomatium martindalei ) and
bristly manzanita (  Arctostaphylos
columbiana ssp. columbiana ).

LAKE MILLS CONTEXT

Lake Mills is surrounded by

intact, dense, native foresto n
steep valley walls (Figure 16 ). The
heavily -forested landscape will
provide a source of organic
materials, native seeds, and

native wildlife to colonize the
dewatered basin. The forest is
dominated by Douglas -fir. The
understory is typically dominated
by swordfern and /or Oregon | S
grape. Salal is occasionally Figure 16. A Douglas-fir forest above Lake Mills.
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prominent. Intermingled within the stands of Douglas -fir are smaller amounts of
bigleaf maple ( Acer macrophyllum ), grand f ir (Abies grandis ), western hemlock
(Tsuga heterophylla ), and western red -cedar (Thuja plicata ). The stands appear
to be dominated by a 100 -year-old cohort of trees, with a 300 -year-old cohort
occasionally prominent.  Forests dominated by western hemlock oc ~ cur on mesic
sites throughout the valley. ~ Moderate to heavy accumulations of downed woody
material are common . Several locations above Lake Mills consist of rock
outcrops and cliffs  occupied by species such as Pacific madrona,  bristly
manzanita (Arctostaph ylos columbiana ), redstem ceanothus ( Ceanothus
sanguineus ), Ro e mer 8 s Hestusacroemeri() and stonecrop (Sedum sp.).
AT These outcrops are expected to occur
in the basin on slopes  greater than 35°
(Figure 17 ).

The delta at the south end of Lake Mills

contains several types of habitats,

including active side -channels,

backwater channels and islands  (Figure

18). Vegetation is sparse on the

northern end where the delta islands

are young. Vegetation on the southern

end of the delta is dominated by red

alder and willow (Cereghino and

McClure 2002). Forbs such as pearly

everlasting, Erigeron philadelphicus

and Lupinus latifolius are common.

Some Douglas -fir, grand fir,

cottonwood and big -leaf maple are also

present. During dam removalt he delta

will slowly advance north into the
dewatered reservoir (see chapter  5),

: : : e redistributing some species (i.e.

Figure 17. Windy Arm. This landform is comprised . .

of diabase, and likely extends steeply to the valley COttonWOOd’ W”IOWS’) into the Va”ey

bottom. bottom of the dewatered Lake Mills.

RARE PLANTS

There are no federally -listed plant species within the Glines Canyon project area.
However, five vascular plant species listed by the Washington Natural Heritage
program as threatened or sensitive have been documented in the general
vicinity or are suspected to  have occur red there historically. Revegetation
activities are not expected to harm these species.
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INVASIVE, EXOTIC PLANTS

Over 152 exotic plant species  are known to occur in the lower Elwha  watershed
(see Appendix B for full list) , accounting for 38% of the flora (species count) . Not
all of the exotic species in the lower Elwha are considered invasive (See chapter

8 for definition). Invasive exotic species occupy several hundred acres of inthe
lower Elwha watershed (  ONP unpub lished data). The highest densities of exotic
plants directly in the vicinity of Lake Mill s occur on the deltas (Figure 19 ),
including several invasive exotic species such as reed canarygrass (Phalaris
arundinacea ), Canad a thistle, oxeye daisy ( Leucanthemum vulgaris ), narrow -leaf
pea (Lathyrus sylvestris ) and herb Robert ( Geranium robertianum ). Active

control of the exotic plants on the deltas has continued since 2001, yet several

of these species persist.  This area repres ents the greatest threat of dispersal of

invasive, exotic plants into the basin. As the coarse sediment advance s north
into the reservoir during dam removal , seed s and plant parts are likely to move
with the sediments into the restoration area. Wind will a Iso blow seeds into

exposed areas of the basin.

The lands surrounding  Glines Canyon Dam are also occupied by populations of

invasive exotic plants. The berms on either side of the dam have significant

popul ati ons of (C8tisus scpariudb yaonodm common St . Johnds wo
(Hypericum perforatum ). There are also aggressive non -native grasses such as

tall fescue ( Lolium arundinaceum ), velvet grass ( Holcus lanatus ), cheatgrass

(Bromus tectorum ) and common timothy (  Phleum pratense ).

In the forests aro und Lake Mills, the exotic forb herb Robert is common. This
highly invasive species is particularly abundant at the Lake Mills boat launch.
Herb Robert is also abundant  along Stukey Creek .

LAKE ALDWELL CONTEXT

Lake Aldwell is surrounded by a matrix of man aged forest land (Figure 14), and
has diverse vegetation types along its shoreline. Along the southwestern

portions of the shoreline are the Indian Creek alluvial fan, active side -channels,
backwater channels and islands (Figure 20 ). Sheldon and Associates (1996)
identified as wetlands five deltaic depositional islands located at the upstream

end of Lake Aldwell representing approximately 78 acres. Forty -seven acres are
occupied by a well -developed forested island. The forest island is dominated by
red alde r and large cottonwoods. There is a diverse assemblage of understory

plants including salmonberry, slough sedge ( Carex obnupta ) and skunk cabbage
(Lysichiton american us) in the wetter areas, and jewelweed ( Impatiens sp.) in the
drier areas. This area conta ins a high diversity of plants (particularly mosses)

and multiple age -classes of woody vegetation, suggesting long -term stability
and a lack of repeated scouring and flooding (Sheldon and Associates 1996).

No old -growth forests remain adjacent to Lake Aldw ell. The existing conifer and
mixed conifer -hardwood forest developed after logging or burning between 40
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and 120 years ago (DOI 1996). Stands are dominated by Douglas -fir, bigleaf
maple, western red -cedar, grand fir and lesser amounts of other deciduous
species, with an understory of ferns, grasses, forbs and shrubs. There are also
some hardwood stands dominated by red alder with smaller amounts of bigleaf
maple, black cottonwood, and willow. The margin of Lake Aldwell also has rock
outcrop habitats simila  r to those above Lake Mills.

RARE PLANTS

Given their proximity, the information concerning rare plants in the Lake Mills
vicinity is likely to apply to the Lake Aldwell area also. However, surveys should
be conducted in the area of any likely habitats for potential state or federally
listed species.

INVASIVE, EXOTICPLANTS

The highest densities of exotic plants directly in the vicinity of Lake Aldwell

occur o n the forested island near the Lake Aldwell delta (Figure 21 ). Species of

concern are reed can arygrass, Canada thistle, giant knotweed (  Polygonum

sachalinense ), Himalayan blackberr yand common St. Johnds wort.

The shoreline of Lake Aldwell is infested with reed canarygrass. If left untreated,

this species is poised to invade the reservoir after dam removal (Orr and Stanley

2006). Al so along the shoreline are Canada thist
species. The Elwha Dam area is also infested with species of concern, including

peavine speci @dmomand Scot ds

Other lands around Lake Aldwell also harbor significant populations of invasive

exotic species. Clear -cuts on the slopes above the reservoir are likely to contain

significant populations  of exotic species . Highway 101 runs near the eastern

and sout hern shoreline of the reservoir. The highway corridor contains many

exotic species of concern, including peavines, ¢
blackberry and knapweeds.
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Figure 18. Lake Mills delta in 2009.
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Figure 19. Invasive species locations near Lake Mills. The delta is heavily infested with Canada thistle and
herb Robert, and there is one population of reed canarygrass. The shoreline is relatively free of invasive

species.
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Figure 20. Lake Aldwell delta in 2009.

29



Lake Aldwell
Delta

~ x . ¥ -\'
© Invasive plant location 51.;*1 A

Figure 21. Invasive species locations near Lake Aldwell. The forested island to the west of the delta is
highly infested with reed canarygrass, Himalayan blackberry, herb Robert, Canada thistle, and a few
patches of giant knotweed. The shoreline has several populations of reed canarygrass. The clearcuts and
the highway corridors next to the lake are likely to harbor many more invasive plant populations.

30



5. EXPECTED CONDITIONS

Together the two dams inundated almost 8 00 acres. The disturbance to the
inundated valleys from the creation and subsequent removal of the two dams

after more than 80 years will be severe. Dam removal will expose landscapes

devoid of vegetation and covered by inorganic sediments that have  accumu lated
over the last 100 years. Along the continuum from primary succession (i.e.,

starting with no biological legacies) to secondary succession (i.e., legacies such

as intact soils are present ) (Walker and del Moral 2003), circumstances following
dam remov al will be much closer to primary succession. That is, conditions are

likely to be more similar to the aftermath of disturbances such as volcanic

eruptions or glacial retreat and less similar to conditions after wildfire or wind -
throw. Critical processes i n the newly exposed landscape such as erosion,

nutrient cycling, and hydrology will be severely altered in comparison to

vegetated portions of the watershed. Although it is difficult to say with certainty

how quickly the reservoirs would naturally recover, rates of primary succession
tend to be slow in large, dry and infertile landscapes (Walker and del Moral

2003). The middle portions of the reservoirs would be the slowest areas to
recover naturally, since they are far from the rain of seeds, microorganism s and
detritus from intact forests.

THE INFLUENCE OF LARGE WOODY DEBRIS

Large wood is expected to have a positive i nfluence on revegetation and
restoration of riparian  and upland ecosystem processes. Large wood is
important for fluvial processes as it prov ides roughness that can increase bed
scour, accelerate s fine sediment transport, and increase s channel complexity
(Montgomery et al. 1996, Beechie and Sibley 1997, Abbe 2000). Large wood
buried in floodplains is  a key to the formation of heterogeneous ripa rian forests
(Montgomery and Abbe 2006, Latterell and Naiman 2007). Aggregations of large
wood in the riparian zone may also provide regeneration niches for highly

palatable plants (Schreiner et al. 1996). On the upper slopes of the reservoirs,
wood expose d in place or redistributed by restoration staff will be expected to
slow erosion (Mussman et al. 2008), provide organic matter, moisture and
nutrients to plantings, and create important safe sites for natural regeneration
(Chenoweth etal. in prep. ).

THE INFLUENCE OFRESERVOIRSEDIMENTS

The erosion and redistribution of sediments during dam removal will have a
profound influence on vegetation development. Sediment deposition, scouring,

and channel avulsions during the first few years after dam removal coul d be
catastrophic to revegetation sites. The method of dam removal will affect the
texture and depth of sediments covering the exposed basins. Careful tracking of
sediment movement during and immediately after dam removal will be essential
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to match reveget ation actions to specific site conditions. Such information is
also relevant f or fish restoration (Ward et al. 2007) and sediment management
(Tim Randle, U.S. Bureau of Reclamation, personal communication).

The dewatered reservoir basins will be similar to other primary successional

habitats, with stressful conditions due to high light intensity, wide temperature

swings, low water availability , and nutrient deficiency (Walker and del Moral

2003). Areas with d eep silt deposits will be particularly extrem e. As the silt dries
out during warm dry summers, s urface temperature  will fluctuate significantly.

To add to the stress, water  infiltration and percolation rates are slow in dry silty
substrates (Brady and Weil 2004). Deep layers of fine sediments left behind in
terraces or on the valley wall may become novel ecological islands that inhibit
forest development (Chenoweth et al. in prep ). Coarse -textured sediments are
likely to present less of an impediment to su ccession, based both on the
ecological literature (Walker and del Moral 2003), and observation of the deltas

on Lake Mills (Cereghino and McClure 2002 , Hulce 2009 ). The exception may be
perched terraces of sands and gravels that for m during dam removal, cr  eating
xeric conditions (Chenoweth etal. inprep ).

EROSION OFCOARSE SEDIMENTS

The Lake Mills delta contains most of the coarse sediments trapped by the

dams. As the damis removed over a period of 2 -3 years, lateral movements of
river will redistribute m ost of the delta sediments forward into the receding
reservoirpool. Thi s o0advancing deltad wild sl owly move
leaving the entire length and width of the reservoir floor covered with 10 to 20

feet of coarse sediments , burying the layer s of fine sediment currently on the
reservoir floor . Once dam removal is completed, the river channel will incise

down through the layers of coarse and fine sediments , leaving stepped terraces
alon g the reservoir edges (Figure 22 ). The stepped terraces may be anywhere
betwee n 20 -60 feet above the original valley bottom. The sudden formation of

coarse -textured terraces high above the valley bottom will create dry conditions
which may limit establishment of many plant species (Chenoweth et al. in prep. ).

The movement of sediment in Lake Aldwell will be different from Lake Mills.
Erosion of the delta may advance through the reservoir in a similar pattern as in
Lake Mills, but will only cover the reservoir floor with up to 3 feet of coarse

sediments (T. Rand le, personal communication). The gooseneck in the m iddle of
Lake Aldwell (Figure 15 ) will limit the advance of delta sediments in the northern
end of the lake. Therefore, @ some surfaces in the north end of Lake Aldwell will

be covered in at least eight feet  of fine sediment after dam removal.

32



wr 3 _ S £

Figure 22. Physical model of Lake Mills sediment erosion (Bromely et al. 2005). The picture
shows the predicted topography after dam removal is completed. Notice the terraces that have
formed along the reservoir edges.

After dam removal is complete,t  he continued redistribution of coarse sediments
and the stability of the floodplain is difficult to predict, and will depend on river
flows. Riparian landforms will be unvegetated and unstable. Until patches of

woody vegetation can establish, coarse sediments will readily erode and
redistribute downstream, threatening to bury regenerating vegetation.

EROSION OFFINE SEDIMENTS

Erosion of fine sediment into the Elwha River is a concern for salmon restoration
and water quality. During dam removal, the fine sediments on the valley walls
will not be affected by the erosiona  nd redistribution of the delta.

A recent experimental study suggests that the erosion rate of the fine sediment

on slopes may start high but decline qu ickly. Mussman et al. (2008) measured
erosion of fine and coarse sediments from Lake Mills in small boxes (84 x 28

cm), inclined at three slope angles (1  °, 5° and 15 °) and exposed to simulated

high - (19 cm/hr) and low -intensity (3 cm/hr) rainfall. The fine sediment
exhibited significantly higher rates of erosion than the coarse sediments at all
slope angles. Erosion rates for the fine sediment under low -intensity rainfall

were 14 times (5 °) and 55 times (15 °) the USDA maximum tolerable loss for
agricultural soils (Mussman et al. 2008). The study measured the erosion over a
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two -day period. Erosion significantly declined on the second day of the study.
Mussman et al. (2008) credited the decreased erosion on the second day to
newly exposed woody debris.

Some, but not all , of the fine sediments covering the valley walls are expected to
erode during rain events, leaving behind layers of fine sediments which will be
revegetated.

NATIVE SPECIES PERARMANCE IN THE SEDIMENTS

Coarse sediment s generally will not inhibit development of native vegetation.
Much of the area on the coarse -textured deltas has been colonized by native
species (Hulce 2009) . However, newly -formed terraces high above the water
table may be slow to develop complex vegetat ion due to severe water stress.
Few species will be suited to colonize these surfaces once the residual
groundwater has drained. However, soil moisture on these terraces will probably
decline slowly as the dams are removed.

Although most of the fine sediments are expected to be washed out of the
reservoirs or buried by coarse sediment, some terraces or valley wall landforms
covered by deep layer s of fine sediments are likely to remain. The physical
properties of the fine sediment s can impede the establishment of many native
plants common to Elwha valleys (Figure 23) . Native woody species may not
readily establish in the fine sediments (Grubb 1986 ). The material is floury and
talc -like, non -plastic, and lacks cohesion. It does not compact and remolds

easily under pressure. When wetted it becomes runny, easily forms rills and

loses load -bearing strength. It is
highly susceptible to frost

heave. Due to lack of pore
space, oxygen diffusion to plant
root zones is likely to be slow
and the sediment will have
reduced hydraulic conductivity

as it dries. Surface temperature
fluctuations could be extreme
after the material dries. When
fully dried it is likel  yto be
prone to wind erosion.  Fibrous -
rooted species such as grasses
are expected to perform better

in these conditions than tap - Figure 23. Fine sediments on the valley wall of Lake Mills.
rooted woody plants (Grubb Picture taken one week after the 2009 drawdown.

1986, Walker and del Moral

2003).

An abundance of moss and lichen spores are likely to be present i n the fine
sediments, and may create a biotic crust on the surface (Chenoweth 2007) .
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Biotic crusts are known to stabilize erosive surfaces, provide surface
heterogeneity, and promote soil formation (Walker and del Moral 2003).

NATIVE SPECIES PERARRMANCE ON THE ORIGINAL FORES SOILS

In places where the mantle of sediment is thin, revegetation will take place on

long -inundated forest soils . Prior to inundation, soils in the valley bottom were
mapped as sandy gravels, and upland soils as shot clay and rock. T he chemistry
of these soils and their suitability as a growing medium after more than 80
years in an anaerobic state is unknown.
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6. REVEGETATION PERIODS

The revegetation process is separated into four periods: pre -dam removal (2002
to 2010), dam removal (2011 to 201 4), revegetation installation (2013 to 2016),
and post -installation (2017 -2024). Strategies for exotic plant management and
revegetation are designed to adapt to the changing circumstances expected

during the different per iods. The periods are based on DOI estimates for dam
demolition. A contract for demolition was awarded in August 2010, and a final
demolition schedule is expected by April or May 2011 . The periods are
described below.

PREDAM REMOVAL (2002 TO 2010)

The da ms will remain in place and will be operated by Bureau of Reclamation

(BOR) to generate power until June 2011 . Dam demolition  will begin in
September 201 1. During this period, revegetation activities will primarily focus

on invasive exotic species control and propagating native plants  in preparation
for revegetation activities

DAM REMOVAL (2011 TO 2014)

The method and timing of dam removal will be determined by the contractor.

Current estimates pre dict dam removal will require three years to complete

Work wi | | be suspended during o0fish windowsdé (inte
the river, and so are susceptible to elevated turbidity), and when the river flow is

greater than 1,500 ¢ fs. The demolition schedule in F  igure 24 is based on a
sequence of years when river flows were near long -term averages. Based on the
predicted method of removal, the reservoir will have receded 49 feet within 3
months of the start of dam removal , exposing about 23% of the reservoirs. After
nine months , 36% of the reservoirs would be exposed. After 15 months , 48% of
the reservoirs would be exposed, and after 21 months , 64% would be exposed.
Dam demolition would be completed after 36 months . Frequent high flow

events would delay completion, while | ower than average flows could accelerate
demolition. Revegetation activities will adapt to the schedule as needed.

During demolition,  restoration staff  will map the land as it becomes exposed,
map and treat invasive exotic plant species , continue plant pr opagation, and
begin experimental planting s, with a focus on establishing dense patches of
vegetation. Planting experiments will be designed to learn wh  ich planting
strategies and native species are most successful inthe various conditions
encountered in the reservoirs.

36



REVEGETATION INSTALIATION (201 4 TO 201 6)

After dam removal is completed, revegetati on will shift from experimentation to
full restoration of the exposed lands. During this period, efforts will initially
focus on revegetating the terraces in the valley bottom zone and the upland
landforms in the valley wall zone. The floodplain will be left to natural processes
during this period (see revegetation strategies).

POST-INSTALLATION (201 7-2024 )

After the revegetation installation period, continued monitor ing and
maintena nce will ensure that the install ed plants survive and invasive exotic
species do not attain dominance . The river channel will become more stable
during this period (BOR 1996), and restoration staff  will actively revegetate
some of the floodplain and plant later  -seral species in other areas where
appropriate.
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Figure 24. Lake Mills surface elevations during dam removal. Modeled Lake Mills surface elevations, Elwha
River discharge, and suspended sediment concentrations during dam deconstruction. Model is based on
1968-1971 fl ow scenario (BOR 1996) . Current dam decon
representing the beginning of dam removal.



7. RESTORATION GOALS AND OBJECTIVES

The restoration of the two reservoir basins requires clear short -term and long -
term goals that are measurable and attainable (Whisenant 2003, Walker and del
Moral 2003, Temperton et al. 2004, Society for Ecological Restoration

Internat ional Science & Policy Working Group 2004, Clewell et al. 2005). The
goals articulated in this chapter encompass the restoration objectives in the
Implementation EIS (DOI 1996) and are based on modern ecological theories
which emphasize ecosystem processes  rather than fixed endpoints based on
historical biotic communities.

Goal s are not subject to empirical determinati or
measurements of innumerable parameters that are constantly subject to change

on account of ecosystleanal.d2008)a0hbjectivesiare sSubjece we

to empirical determination, and can be used to indicate success or failure in

achieving goals (Clewell et al. 2005). Thus, the goals present ed here are

comprehensive principles for both reservoirs which must be achie ved for the

project to be successful. The short  -term and long -term objectives for the project

will allow us to measure progress towards the goals.

RESTORATION GOALS

The three goals for revegetation following removal of the dams on the Elwha
River are:

1. Mini mize invasive, exotics pecies
2. Restore ecosystem p rocesses
3. Establish native f orests

MINIMIZE INVASIVE, EXOTIC SPECIES

This is arguably the most important goal of the project. Invasive, exotic species
are a major threat to biodiversity (Wilcove et al. 1998) and can inhibit native
plant succession (Vitousek etal. 1987, D& Ant amdiVitousek 1992, LeJuene
and Seastedt 2001 , Orr and Stanley 2006, Rudgers et al. 2007, Urgenson et al.
2009). Invasive, exotic species may also change successional trajectories by
altering soil chemistry or modifying disturbance
Vitousek 1992, Smith et al. 2000, Mack et al. 2000, Walker and del Moral 2003).
Dam removal will create large areas devoid of vegetation, providing

opportunities for exotic plant speci es to colonize and attain dominance.

Riparian zones are particularly susceptible to invasion by exotic plants (Hood

and Naiman 2000). In addition to preventing invasion of the reservoirs by

aggressive exotic species, successful salmon recovery will require controlling
invasive species degrading aquatic habitats throughout the lower watershed,

such as wall -based channels (Peterson and Reid 1984, Scarlett and Cedarholm
1984) and Elwha tributaries . If left unchecked, t here is the potential for the
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former reser voir areas to serve as seed sources  of exotic species for invasion
into O N P avilderness.

Active control of exotic species in the Elwha watershed began in 2002 and will
continue throughout the project. Specific locations where restoration activities
will be concentrated, such as staging areas, must be clean of all invasive exotic
species prior to dam removal

Active revegetation  will accelerate succession and will help reduce the amount

of open space available for exotic species invasion. Rehabilitation o f Lake
Aldwell will require a more intensive treatment of exotic species, since it is

surrounded by a disturbed matrix that likely harbors higher densities and more

species of exotic plants. Additionally, Lake Aldwell sediments may be higher in
nutrientsa nd or gani ¢ mat t er setlirheats due & k leighévievellofs &
development and disturbance upstream in the valley of Indian Creek, a tributary

which enters at the upstream end of Lake Aldwell.

RESTOREECOSYSTEM PROCESSES

Whisenant (2003) identifie s three major processes that are essential to a healthy
ecosystem. These are soil formation (opposite of soil erosion), nutrient cycling,

and water flow. Soil formation is a slow process, but the addition and retention
of organic matter from plants is esse ntial to healthy soils. Nutrient cycling
depends on plant -soil interactions. Plants extract and mobilize essential

nutrients from inorganic minerals, and decomposing plant matter provides soils
with soluble nutrients which plants use. Landscapes devoid of plants will lose
nutrients, resulting in an ecosystem with low productivity. In a productive
ecosystem, vegetation and organic matter provide some level of control over

these processes. Plants capture water in their canopies, increase soil infiltration

wit h complex root systems, create organic matter that builds soils, and provide

a physical barrier to trap particles such as seeds , detritus or eroding soil.

Controlling the erosion of fine sediments from the dewatered basins into the
river is critical for r estoration of anadromous fish (Ward et al. 2007). However,
during dam removal, the erosion of fine sediments will benefit revegetation and

will not significantly increase the sedimentation of the river. After dam removal

is complete, all slopes  steeper than Svilt be seeded to reduce surficial erosion .
Over time, succession from grasses and forbs to woody plant s will provide long -
term slope stability and erosion control . Natural and artificial revegetation of the
basins will also capture nutrients and water , increasing the nutrient and water
availabi lity in the restored reservoirs . Specific strategies to achieve these goals

for each basin will be discussed later in this document.

In the longer -term, restoring the processes linking floodplain forests and the

river is critical for success of fish restoration (Ward et al. 2007). Well -developed
floodplain forests will provide shading to help regulate water temperature,
provide inputs of litter to fuel aquatic food webs, capture fine sediments and
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stabilize floodp lain islands (Kollman et al. 1999), and eventually provide large
wood which will enhance in  -stream habitat (Gregory etal. 1991, DOI 1995,
1996, Apostol and Berg 2006).

ESTABLISH NATIVE FORSTS

Native vegetation in the Elwha watershed is dominated by tree s. Forests are
particularly important to riparian ecological processes (Gregory etal. 1991,
Fetherston etal. 1995, Abbe and Montgomery 2003, Naiman et al. 2005). There
are a variety of forest types, coniferous and deciduous, that occur from the

valley bo ttom to steep valley walls. These forests are quite heterogeneous in

species composition and structure. Communities dominated by herbaceous

species are restricted to wetlands and highly disturbed floodplains. The few

meadows present in the Elwha are legac  ies of homesteads from the first half of

the 20 ™ century.

Revegetation prescriptions will be designed to accelerate development of native
forests. Establishing forests s critical to the restoration of ecosystem processes.
Forests stabilize slopes, moderate peak flows by slowing down the flow of water

to rivers, and provide significant quantities of organic matter and nutrients to
terrestrial and aquatic ecosystems. Typical upland forests are dominated b y
conifers while riparian plant communities are often dominated by deciduous

trees (Fonda 1974, Van Pelt et al. 2006). Mature forests in floodplains and along
tributaries are important elements  of salmon habitat. Tree canopies provide
shade over slow-movin g, wall-based channels, keeping water temperatures cool.
Large trees that develop in the floodplain are sources for woody debris critical

to the development of in  -channel complexity.

Forests develop on the scale of decades to centuries, and the successional
pathways in the dewatered reservoirs are unpredictable and may result in
unique, native communities that do not have contemporary analogs. The major
goal of this projectis to ensur e that the plant communities that do form are
forested communities dominated by native  species. It will require several
decades before the success or failure of achieving this goal can be assessed.

RESTORATION OBJECTIES

Short -term objectives  will guide re storation practitioners during the first several
years after the start of dam removal . The objectives are designed to be practical
to measure and provide immediate information to restoration practitioners to

guide subsequent activities.
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SHORT-TERM OBJECIVES

Short -term restoration objectives:

1.

N

Exotic plant species do not dominate the cover of regenerating

vegetation.

Cover of native plants increases annually .

Cover of bare ground decreases on valley wall landforms and upland
terraces.

Native woody plants are establishing on all landforms and are increasing
in cover relative to other lifeforms

Surficial e rosion of upland landforms decreases.

LONG-TERM OBJECTIVES

Long -term objectives include stabilizing ecosystem processes such as nutrient

cycling, soil -surface stability, and ripa  rian -aquatic interactions. L ong-term

objectives will be achieved when attributes influenc  ing important ecosystem

processes ( e.g., bare ground as an indicator of potential erosion) fall within the

range of natural variability . Natural variability is definedas t he o0ecol ogi cal
conditions, and the spatial and temporal variation in these conditions, that are

relatively unaffected by people, within a period of time and geographical area
appropriate to an expretals $989). ClipogaslinthegeL andr e s
ecosystem attributes are often gradual, and it may require several years or

decades before such attributes return to the range of natural variability.

Long -term objectives for vegetation composition also include exaotic specie s,
plant community types, recruitment of native plants and biological diversity.
Invasive, exotic species could disrupt restoration at any time . Evaluation of plant

community types at the landscape scale can be assessed by considering the
proportion of bo th basins covered in meadows, shrublands, and forests.
Meadows are naturally a minor component of valleys in the Elwha drainage, so
plant community composition will be fully restored when the dewatered basins
are dominated by forests.

Bakker et al. (2000) argue s that a clearly defined target  for biological diversity is
essential in large ecosystem  restoration projects. Alluvial valleys in the lower
Elwha contain a diverse mixture of vegetation (for example, Geyser Valley has  at
least 18 vegetation types an d at least 244 native vascular plant species)
Restoration of the dewatered reservoir basins  should resultin a diverse array of
vegetation that will eventually support a large number of native plant species.
Rather than targeting a  specific number of plan t species , the long -term objective
will be to establish a diversity of  vegetation types.
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Five long -term objectives for this project

43

1.

2.

Exotic species cover is within the range of variation observed in reference
communities.

The cover of bare ground on  upland landforms is within the range of
variation observed in reference communities.

The structure, diversity and tree species compaosition of riparian forests is
within the range of variation observed in reference communities.
Proportions and diversity of ~ physiognomic vegetation types (i.e.,
grasslands, shrublands, and forests) are within the range of variation for
unmanaged valleys in the lower Elwha drainage.

Diversity of plant associations is within the range of variation for
unmanaged valleys in the low er Elwha drainage.



8. INVASIVE EXOTIC SPECIEMANAGEMENT

Invasive exotic species are defined as exotic species capable of diverting or

arresting native plant succession, or damaging or altering essential ecological

processes. A combination of various tools was used to identify the exotic plant

species most likely to impede restoration. NatureServe has ranked the

invasibility of exotic species nationally using the Invasive Species A ssessment

Protocol (Morse et al. 2004). All of th e exotic species known to occur inthe

Elwha were compared to the NatureServe rank. Species with a rank of
or higher were checked against the exotic species assessment for Olympic

National Park ( Olson et al. 1991). Each species was also checked fo rinclusion on

the Washington State and Clallam County noxious weed lists. For exotic species

not assessed by NatureServe and not on any noxious weed list, observed

invasi veness in the Elwha over the last 10 years was considered . Through this

process, twenty ¢primary speci es of concernd6 i mnere¢ he EI wha wa
identified (Table 3).

PRIMARY SPECIES OF GNCERN

The primary species of concern were mapped in 2001 and in 2008 (Figure 2 5).
The 2001 mapping project focused on the two reservoirs and the roa ds and
trails north of Lake Mills within park boundaries. The 2008 mapping project

expanded the areas searchedto include the Olympic Hot Springs road north of
the ONP boundary, Geyser Valley, and all trails and road areas (campgrounds,
maintenance areas) south of Lake Mills not searched in 2001 . The mapping
projects focused on roads, trails and floodplains, and did not map areas off -trail
in the upland forests  above the Elwha. Other areas not mapped that may serve
as sources of exotic plants to the project area are the managed forest lands
above Lake Aldwell, the floodplains north  of the Elwha Dam, Indian Valley, Little
River Valley and the Herrick Road area (Woodward et al. 2011) . The primary
species of concern are abundant in the watershed but appeartob e at
manageable levels and will be the focus of treatment efforts throughout the

project . Primary species of concern will be prevented from establishing inthe
dewatered reservoirs for the duration of this project

SECONDARY SPECIES OEONCERN

A secondary list, t he O0secondary s neuleseesoticodpeciesoncer n, 6
which may be invasive, but are so common in the lower watershed that it is not

practical to treat them on the scale of the watershed (Table 4). These species

will be treated only inthe dewatered reservoirs during and after dam removal.

The goal is to not allow these species to become dominant; it is acknowledge d

that these species will establish in the dewatered reservoirs. If any of these

species do attain dominance, management strategies will be adapted tore -

establish native plant dominance

44



WATCH LIST

Other invasive species known to occur in Washington State that are not present

in the Elwha watershed or  are present in the watershed but are far from the
reservoirs may become athreat duri  ng the project. They are listed on a watch

list (Table 5). Several of these species occur in Clallam County, and two of them,
butterfly bush ( Buddlejadavidii ) and t r av@ematis\dtalba j),0ogcur(in
the watershed downriver of the dams. Butterfly b ush can be patrticularly invasive
in riparian floodplains, and is a problem along the Dungeness River, the next
major watershed to the east of the Elwha . Any species from the watch list will be
treated aggressively if it appear s in priority sites  in ordert o prevent

establish ment in the dewatered reservoirs

ADAPTIVE MANAGEMENTOF EXOTIC SPECIES

Since it is difficult to predict which exotic species will become invasive in the
newly exposed lands, an adaptive management plan that identifies and

evaluates all exotic plants establishing in the dewatered reservoirs is essential
(Hiebert et al. 2002) . Any exotic plant species can become invasive in the unique
conditions associated with the dewatered reservoirs . It will be important to
determine the potential effec  t any exotic species may have in the newly  -exposed
lands. Not all thriving populations of exotics will be detrimental to native plant
communities. For example, the  winter annual Senecio sylvaticus aggressively
invade s newly -disturbed sites in the Pacific Northwest only to naturally decline in
abundance within a few years (Halpern  etal. 1997). Such populations would not
need to be treated

Therefore, the following guidelines will be implemented to ensure the reservoirs
are not dominated by any exotic plant species.

e Early detection of new exotic populations
o0 Inspect the entire reservoir several times a year and
document all exotic plants.
e Evaluate each new species discovered for potential invasiveness.
e Evaluate population trends of exotic species not treated.

EARLY DETECTION ANDEVALUATIONS OF EXOTC POPULATIONS

Restoration staff  will follow the guidelines for monitoring and evaluating

invasive species outlined by Hiebert etal. 2002. The most effective way to
identify pion eering exotic species will be to train monitoring and planting crews

to identify all species that are common in the Elwha. As crews work and travel in
the dewatered reservoirs, they will be responsible for identifying colonizing
plants . Unknown species wil | need to be identified with the assistance of a
trained botanist (the technical lead). The technical lead will also be responsible

for inspecting the dewatered reservoirs several times each year. In addition to
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on-the -ground inspections, the technical lea  d will be responsible for annually
evaluating the Washington State Noxious Weed list and the Clallam County

Noxious Weed list to stay current with new information or new invasions that

may be occurring in Washington  State. When exotic species not listed on  any of
our three lists are found to be establishing in the dewatered reservoirs, the

technical lead will evaluate the potential invasiveness by reference literature  and
by contacting experts in the field . Even if a species is not considered invasive in
th e literature , known populations  will be monitored in order  to observe the
growth patterns and changes in number of patches and patch sizes. If a species
(particularly a perennial species) displays radical patch expansions, exponential
increases in number o f patches, vigorous growth rates, abundant seed

production, and/or creates monocultures, the species  would be considered
invasive and appropriate action s taken .
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Table 3. Primary list of invasive exotic species of concern. Species on this list are the focus of treatment efforts during all stages of the project on a watershed

scale.
WA
State Clallam Co
Species Common Name Life Form NatureServe | -Rank Noxious Noxious
Weed Weed List
List

Bromus tectorum cheatgrass Graminoid HIGH NA NA
Centaurea jacea brown knapweed Forb UNKNOWN Class B Class B-des
Cirsium arvense Canada thistle Forb HIGH/MEDIUM Class C Class C
Cytisus scoparius Scotds broom Shrub HIGH Class B Class B-select
Geranium robertianum herb Robert Forb not assessed Class B Class B-non
Hedera helix English i vy Vine HIGH/MEDIUM Class C NA
Hypericum perforatum common St . JohiForb HIGH/MEDIUM Class C Class C
llex aquifolium English holly Small tree HIGH/LOW NA NA
Lathyrus latifolius perennial pea Forb not assessed NA NA
Lathyrus sylvestris small everlasting peavine Forb not assessed NA NA
Linaria vulgaris butter and eggs Forb HIGH/LOW Class C Class C
Phalaris arundinacea reed canarygrass Graminoid HIGH Class C Class C
Polygonum cuspidatum Japanese knotweed Shrub HIGH Class B Class B-non
Polygonum sachalinense giant knotweed Shrub HIGH Class B Class B-non
Polygonum x bohemicum Bohemian knotweed Shrub HIGH Class B NA
Potentilla recta sulfur cinquefoil Forb HIGH/MEDIUM Class B Class B-des
Prunus laurocerasus Laurel cherry Shrub not assessed NA NA
Rubus discolor Himalayan blackberry Shrub MEDIUM/INSIGNIFICANT NA NA
Rubus laciniatus evergreen blackberry Shrub not assessed NA NA
Senecio jacobaea tansy ragwort Forb LOW Class B Class B-select
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Table 4. Secondary list of invasive exotic species of concern. These species are common in the lower Elwha, and will only be managed in some priority

treatment sites and within the reservoir during and after dam removal.

WA
State Clallam Co
Species Common Name Life Form NatureServe | -Rank Noxious Noxious
Weed Weed List
List
Agrostis gigantea giant bentgrass Graminoid MEDIUM NA NA
Agrostis stolonifera creeping bentgrass Graminoid MEDIUM/LOW NA NA
Dactylis glomerata Orchard grass Graminoid Not assessed NA NA
Digitalis purpurea purple foxglove Forb MEDIUM/INSIGNIFICANT NA NA
Elytrigia repens  var. repens quackgrass Graminoid HIGH/MEDIUM NA NA
Holcus lanatus common velvet grass Graminoid HIGH/MEDIUM NA NA
Leucanthemum vulgare ox -eye daisy Forb MEDIUM/LOW Class B | Class B-non
Lolium arundinaceum tall fescue Graminoid HIGH/MEDIUM NA NA
Phleum pratense common timothy Graminoid MEDIUM NA NA
Ranunculus repens  var. repens creeping buttercup Forb Not assessed NA NA
Rumex acetosella Common sheep sorrel Forb MEDIUM/LOW NA NA
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the project area and aggressively treat any of these species if they arrive close to or within the reservoirs during any stage of the project.

WA State
: Life Noxious Clallam ce
Species Common Name NatureServe | -Rank Noxious
Form Weed )
. Weed List
List
Acer platanoides* Norway maple Tree HIGH/MEDIUM NA NA
Ailanthus altissima tree -of -heaven Tree MEDIUM NA NA
Buddleja davidii* butterfly bush Shrub | HIGH/LOW Class B Class B-non
Centaurea solstitialis yellow star thistle Forb HIGH/MEDIUM Class B NA
Centaurea montana mountain star thistle Forb not assessed NA NA
Centaurium erythraea common centaury Forb not assessed NA NA
Clematis vitalba* evergreen clematis Vine MEDIUM Class C Class C
Conium maculatum poison hemlock Forb MEDIUM/LOW Class C Class B-des
Daphne laureola spurge laurel Shrub MEDIUM/INSIGNIFICANT | Class B Class B-non
Echium vulgare common Vv i p ebugdoss Forb UNKNOWN Class B Class B-des
Heracleum mantegazzianum giant hogweed Forb MEDIUM Class A Class A
Hieracium aurantiacum* orange hawkweed Forb MEDIUM/LOW Class B Class B-des
Iris pseudacorus yellow iris Forb HIGH/MEDIUM Class C Class C
Leucanthemum maximum Shasta daisy Forb not assessed NA NA
Linaria dalmatica ssp. dalmatica dalmatian toadflax Forb not assessed Class B Class B-des
Lythrum salicaria purple loosestrife Forb HIGH Class B Class B-des
Petasites japonicus Japanese butter -bur Forb not assessed NA NA
Polygonum polystachyum cultivated knotweed Forb HIGH/LOW Class B Class B-non
Rubus odoratus var. odoratus purple -flowering raspberry Shrub | not assessed NA NA
Rubus vestitus European blackberry Shrub | UNKNOWN NA NA
Silene latifolia ssp. alba white campion Forb not assessed Class C Class C
Ulex europaeus gorse Shrub | not assessed Class B Class B-des

* present in the watershed, but not currently considered a direct threat to the reservoirs.
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Elwha Revegetation Project
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Figure 25. Locations of invasive species of concern near the project areas. Not all areas of concern were
mapped, including Indian Valley, Little River Valley, and the river floodplain north of the Elwha Dam.
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INVASIVE SPECIESCONTROL STRATEGIES

Strate gies for controlling invasive exotic species will differ for each revegetation
period . Prior to dam removal , restoration staff  will work at the watershed scale
to reduce established populations and limit the opportunity for propagules to
disperse intothe dewatered reservoirs (Von Holle and Simberloff 2005). During
demolition , work at the watershed scale will continue but the priority will shift to
evaluating and eradicating pioneering populations of exotics in the newly -
exposed areas . After dam removal , efforts will focus on the exposed reservoirs.
New trails and roads established in the dewatered reservoirs will be major

pathways for moving invasive plants. Therefore, preventing introductions along
access trails and roads will be a priority during and afte r dam demolition. The
technical lead will be responsible for adapting control strategies as the project
progresses.

Mechanical removal (hand -pulling, cutting) and chemical spot -treatment with
herbicides began in 2002. Beginning in 2009, the primary method of control
shifted to the use of herbicides. Herbicides in use include Garlon 3, AquaNeat
and Milestone. All herbicides used in this project are approved by the EPA. The
only herbicide identified for use  on exotic populations near water is AquaNeat
AquaN eat is approved by the EPA for use in or near water. A complete list of
herbicides, active ingredients, surfactants and application methods are listed in
appendix C. In some areas, herbicide treatments  will be followed by plantings to
shade out sun -loving invasive s. Creating dense shade with live -stakes of willow
and other species is effective at preventing re -infestations of sun -loving invasive
species, such as reed canarygrass (Kim et al. 2006) . This strategy will be
implemented at sites treated for other sun-loving invasive species.  For each
revegetation period, t reatments by site and species  have been prioritized.  Within
high -priority sites, the intention is to eradicate all populations of invasive exotic
species, large and small, since small nascent populations can proliferate and
spread more quickly than large populations (Moody and Mack 1988).

The season for treating invasive exotic species in the Pacific Northwest is from

June until late summer. Two crews have been treating invasive plant species in
the lower Elwha: a four -person crew from the Lower Elwha Klallam tribe (LEKT)
and a crew from NPS (Exotic Plant Management Team, or EPMT). Beginning in
2008, NPS and LEKT have coordinated their effort s under the direction of the
project ds t eThéalEKTcceew wdrke exdusively within the Elwha
watershed (within and outside the park). The EPMT serves NPS units throughout
Washington and northern Oregon, generally works only on federal lands, and
typically works in the Elwha drainage  only a few wee ks per year.

PREDAM REMOVAL PERIOD @002 -2010)

Controlling invasive exotic species prior to dam demolition is an important
strategy to minimize invasions of the reservoirs during and after dam removal.
All target species populations cannot be eliminated before dam removal, so
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control efforts  have been prioritized to focus on areas that present the greatest
threat to the reservoirs (Woodward et al. 2011) . These areas include the Lake
Mills delta , the forested island on Lake A Idwell, the reservoir shoreline s, and the
berms around the dams  (Table 6) . Future staging areas and access points  will
also be aggressively treat ed. The floodplains upriver and between the dams are
another priority, since the river is effective at moving  propagules (Brown and
Chenoweth 2008). Additional locations of known invasive species with high

potential to impact the reservoirs were identified by Woodward et al . (2011).

The technical lead will be responsible for evaluating the efficacy of treatment
efforts and will reassess site  priorities annually.

Table 6. Site priorities for treatment of invasives before dam removal

Site Invasive species present as of 2009
Numerous invasive species; reed
Forested island on Lake Aldwell canarygrass and giant knotweed

primary concern
Reed canarygrass,
Canada thistle

1 patch of reed canarygrass. Herb

Lake Aldwell shoreline

Lake Mills delta Robert, Canada thistle, and St.
Johnds wort are ab
Cheatgrass, Scot 0s

Berms around the dams peavi nes, St . John
many grasses on secondary list.

Future access points to reservoirs Herb Robert

Future staging areas Herb Robert

Lake Mills shoreline 2 _herb Robert sites and 2 Canada
thistle sites

Numerous invasive species; reed
canarygrass primary concern
Heavily infested with Canada
thistle

Himalayan blackberry, Canada
thistle

Floodplains between the dams
Geyser Valley

Power line corridors

DAM REMOVAL PERIOD @011 -201 4)

During dam removal, priority sites in the watershed will continue to be treated

as identified in  Table 7. The focus during this period  will shift to the land
exposed as the reservoirs recede. Eradicating pioneering populations in the

reservoirs will be the highest priority during and after dam removal (Moody and

Mack 1988). As the res ervoirs recede, exposed areas  will be closely monitor ed
for exotic plant invasions . Primary and secondary s pecies of concern , as well as
those species on the watch list, will be aggressively treated.

52



Treatment efforts during the pre  -dam removal period will  inevitably change the
species patterns at priority sites. Therefore, the technical lead will reevaluate the

site priorities and the abundance of the primary species of concern at the

watershed scale during dam removal.

Table 7. Site priorities for treatment of invasives during dam removal.

. Dewatered areas

. Reservoir shorelines

. Access points to reservoirs (before development in 2012)

. Staging areas

. Floodplains above the reservoirs (Geyser Valley and river above Aldwell)
. Power line corridors

. Other sites in watershed as per Woodward et al. 2011

N OO WIN P

REVEGETATION INSTALATION PERIOD (2014 -2016)

After dam removal, control of invasive plants on the watershed scale  will
continue as needed. However, the priority will be sites within the  reservoir
basins (Table 8) . To compl ement treatment efforts, native species will be
planted . Establishing native woody species that produce dense shade should
inhibit shade -intolerant invasive exotic plants . Although most of the  high -
priority invasive spec ies tend to invad e open and disturbed sites, shade -tolerant
invasive species also pose athreat tothe project (Martin et al. 2009). Dense
plantings are likely to limit invasion by shade  -tolerant exotic species by pre -
emption .

Priority sites for exotic tre atment efforts  within the reservoirs will be fine -
textured , upland terraces. Fine -textured substrates are preferentially colonized

by graminoids (Grubb 1986) and invasive exotic grasses are common in the
Elwha drainage. Therefore, a primary focus of invasi  ve exotic control efforts
during this period will be eradicating any exotic grasses establish ing on fine -
textured terraces .

Funding for the LEKT exotic control crew is scheduled to terminate atthe end of
fiscal year 2014, ending full  -time treatment efforts in the Elwha project areas.
The EPMT crew will continue to treat the project areas part -time.
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Table 8. Site priorities for treatment of invasives during revegetation installation
1. Dewatered reservoir, with focus on fine sediment terraces

2. Re-contoured berms

3. Access points to reservoirs

4. Staging areas

5. All adjacent areas

6. Floodplains above the reservoirs (Geyser Valley and river above Aldwell)
7. Other sites in watershed as per Woodward et al. 2011

POSTINSTALLATION PERIOD(2017 -2018)

Control priorities during this period will depend on the efficacy of control efforts
during the first three periods. Three years of monitoring data collected in t he
dewatered reservoirs (see Chapter 11) will direct long -term control strategies.

Table 9. Site priorities for treatment of invasives during post-installation
1. Dewatered reservoir, with focus on fine sediment terraces

2. Re-contoured berms

3. Access points to reservoirs
4. Staging areas

5. All adjacent areas
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9. ADAPTIVE MANAGEMENT STRATEGIESFOR
REVEGETATION

Six major factors have been identified that are  likely to significantly influence
development of native woody vegetation after removal of the dams:

Extreme environmental conditions due to large, barren area;
Legacy of sediments from the reservoirs;

Distance fro m intact vegetation;

Invasive exotic plant species;

Residual woody debris;

Herbivory .

ok wnhE

Not all of these influences are negative. Large woody debris will be a positive
influence and sites close to intact forests are likely to be colonized quickly by

native plants. However, the harsh environmental conditions a nd the challenges
posed by the res ervoir sediments require a diversity of adaptive management
strategies . Natural recovery in a large dam removal project has never been
observed and is unpredictable. Because of the scale and severity of the

disturbance created by the reservoirs, natural re covery patterns are likely to be
slow. To restore native forests communities , a combination of passive and active
strategies will be used : unassisted natural recovery , assisted natural recovery
and artificial recovery (Whisenant 2003). Introducing plants and seed into the
dewatered reservoirs  will accelerate native plant succession and restoration of
ecosystem processes . However, natural regeneration is expected to occur
quickly in some areas of the reservoirs. Natural regeneration of native

vegetation is desirable over artificial strategies. Therefore, natural recovery  will
be allowed to proceed with out intervention. Management actions in naturally
regenerating s ites will be limitedto  invasive, exotic plant  control (see figure 26).

The current schedule calls for dam demolition to begin in September 2011 . The
reservoirs will be drawn down 15  -18 feet prior to the start if dam removal.
Therefore, some lands in both  reservoirs will be exposed prior to fall planting
season. The technical lead, with the assistance of a small crew, will inspect the

newly -exposed areas to map landforms and patches of regenerating vegetation

in the summer of 2011 . By fall 2011 or winter 20 12, planting and/or seeding

will begin at  sites where no regeneration has occurred or is likely to occur due

to remoteness from intact vegetation. The strategies for revegetation are
summarized at the end of the chapter  in table 12.
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UNASSISTED NATURAL EECOVERY

Unassisted natural recovery allows natural regeneration to proceed unimpeded

by management (Whisenant 2003) . This strategy is appropriate where natural
regeneration of des irable native species is expected to occur quickly . No overt
management action is required . Unassisted natural recovery of the reservoirs is
the most cost -effective pathway to restoration.  Natural regeneration of desirable
native species ensures that the site is colonized by genetically  -appropriate
individuals without any cost or effort. Since naturally -colonizing plants are not
subjected to o0pl ant iregenerdimgoveygdtation wil tdevelop!| | vy
more quickly than artificially -installed plants , accelerating the development of
ecosystem stability. Because the reservoirs are large and have been inundated

for more than 80 years, natural recovery is expected to be slo w in much of the
basins, particularly at sites far from intact forests (Chenoweth et al. in prep ).
However, significant natural regenerat ion can be expected at some sites in the
dewatered reservoirs . Restoration staff will identify n aturally -regenerating sites
annually before planting season and  will not disturb patches of natural , native
plant regen eration . To protect naturally regenerating vegetation, it will be a high
priority to combat invasive exotic plants that appear within or near natural ly-
regenerating patches.

SITES EXPECTED TO REENERATE NATURALLY

Sites within 160 feet (50 meters ) of intact forest s are expected to regenerate
naturally (Chenoweth etal. in prep ). The seed of alder (Hibbs et al. 1994), native
conifers (Beach and Halpern 2001, Keeton and Franklin 2005), bigleaf maples,

some native herbaceous species, and many native shrubs will naturally disperse
into this zone . These areas also contain small but possibly significant seed

banks (Chenoweth 2007). The substrate along the former shoreline  should

enhance natural regeneration, since it has been accumulating organic materi al
and is littered with coarse woody debris. Shoreline areas that are adjacent to
disturbed, weedy areas will not be left to regenerate naturally due to the threat

posed by invasive species and the lack of substantial native vegetation nearby .
Some sites f arther from the shoreline may regenerate naturally , such as

floodplains. Propagules of some species adapted to floodplains, such as willow

and cottonwood, can travel  long distances in the wind or water. Pioneer forest
islands are likely to form as willow o r black cottonwood stems eroded by floods
upstream are deposited and re -sprout in newly -forming floodplain s (Gurnell et
al. 2005). Black cottonwood and willow s are abundant on the delta in Lake Mills,

and are expected to be eroded with the delta sediments and re-deposited in the
reservoir during dam removal. Sprouting piles of buried wood may produce fast -
growing patches of vegetation (Gurnell et al. 2005), which could serve to

accelerate revegetation of the reservoirs.
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Any site that is naturally regenerating with high densities of desirable native

species will not be disturbed by planting activities . In some cases, naturally -
regenerating vegetation will be augmented by planting close to or within a patch
to increas e plant density or patch size.  These actions are intended to shorten

0 gr euepnd t ammelierate environmental conditions, reduce herbivory, and
minimize invasion of unwanted species  (Scott et al. 1998, Woodruff et al. 2002,
Kerr 2003 , Whisenant 2003). Inthe floodplain , development of pioneer islands
will be encouraged by installing willow and black cottonwood live -stakes
downriver of wood accumulations , protect ing plants from excessive scouring
(Fetherston etal. 1995, Gurnell etal. 2005) .

Open areas between d ense patches would likely regenerate naturally due to the
facilitating effects of neighboring vegetation ( e.g., amelioration of the
microclimate, influx of  organic matter , increased seed rain). These areas will be
left open to encourage natural regeneratio n (Hardt and Forman 1989) andto
contribute to the development of structural heterogeneity (Roberts and
Harrington 2008)

ALLOW FINE SEDIMENTSTO ERODEDURING DAM REMOVAL

Although the long -term inhibition of erosion of fine sediments into the river is

an important goal for revegetation, no attemptto mitigate erosion  will be made
during the early stage s of dam removal. Erosion of fine sediments off the slopes
will be benefi cial to future plant establishment and will not significantly increase

the expected high turbidity in the Elwha River during the first few years after
dam removal (BOR 1996) (see Figure 24). Erosion will also expose pre-dam
surface contours and landform fe  atures, one of the restoration objectives

outlined in the Environmental Impact Statement for Implementation (DOI 1996).
Sediment from most of the erosion  -prone steep slopes will be deposited on

upland terraces outside of the floodplain, and therefore will not affect river
turbidity. Continued erosion of fine sediments off the uplands is expected to
decline overtime due to heterogeneous landforms, surface obstructions (e.g.,
stumps, woody debris), and an increase in plant cover.

ASSISTED NATURAL REOVERY STRATEGIES

Assisted natural recovery consists of minimal intervention s intended to
encourage natural regeneration . Examples include enhancing surface variability
to form safe sites (Whisenant 2003) or controlling invasive exotic species . Safe
sites are defi ned as physical undulations, such as small rills created by erosion

or physical obstructions  on the surface of the soil, such as large woody debris.

In barren landscapes, small undulations and physical obstructions trap seeds

and provide protection from de  siccation, becoming foci for seedling

establishment (del Moral and Wood 1993). Significant surface heterogeneity on
the soil surfaces of the valley walls is expected to form gradually, but it is not
clear what form of microtopography will develop on the sa ndy terraces . Once
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the reservoirs recede, soil surfaces  will be monitored and appropriate action
taken to create surface heterogeneity at some sites .

MANIPULATEWOODY DEBRIS TO ENCQRAGE NATURAL REGENEATION

Large woody debris in the reservoir s will be utilized to enhance recruitment of
native plants . Various sizes of woody debris are likely to be present in Lake

Mills , though there may be lessin  Lake Aldwell. Large woody debris that can be
moved will be used to stabilize slopes,
provide safe sites, and create re fugia
from herbivores.

There are many forms of safe sites
created by woody debris . Large logs that
lie on the ground east -to-west will
provide shade and reduced moisture
stress along the north -facing edge
(Figure 27), enhancing seedling survival
(Gray and Spies 1997). Large woody
debris distributed in a protective matrix
around woody vegetation is another type
of safe site . These serve as refugia from
ungulate herbivory , allowing woody
plants to establish in valley bottoms of

the Pacific Northwest (Schreine r et al.
1996 ). Woody debris on fine sediment
surfaces may also provide safe sites for
establishment of seedlings of woody

plants (Harmon and Franklin 1989 Favs .mf; W .
Fetherston etal. 1995, Schreiner et al. Figure 27. A safe site for red alder seedlings created
1996, Beach and Halpern 2001). by wood in Geyser Valley,

ARTIFICIAL RECOVERYSTRATEQES

Artificial recovery refers to manipulations intended to accelerate ecological
restoration such as planting, seeding, or amending soils . Artificial recovery is
appropriate when natural recovery is expected to be too slow or may not occur
at all due to abiotic limitations (Whisenant 2003). Natural recovery is not
expected to occur quickly over most of the reservoir areas , and is not likely to
prevent establishment of invasive exotic plant s (Chenoweth etal. in prep. ).
Therefore, the primary strategy to restore the reservoirs will be artificial

recovery. Native g raminoids and forbs  will be installed as seed. Native w oody
species will be installed as container -grown plants, bare -root plants and live -
stake plant s. Some woody species may also be seeded directly into the basins
using wild -collected seed.
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Artificial strategies are designed to ameliorate site conditions, accelerate
development of vegetation structure, and introduce species with a diversity of

life hi story traits . During the 2 to 3 -year process of dam removal, small -scale
experiments will be conducted in order  to learn what species are successful in
the different sediments (fine  or coarse) and in the different restoration zones.
Lessons learned in the first two years will direct future management actions .

SEEDING THE BASINS

The objective s for seeding are to control surficial erosion in the near term
discourage establishment of exotic plant s, and, in some areas , provide a nurse
crop for natural plant succession . Restoration staff will primarily seed
graminoids and forbs, although some areas may be sown with wild -collected
seed of woody species.

In order to minimize erosion, seeding will be focus ed on slopes greater than 5°
(essentially all of valley wall zone below the shoreline buffer ). Seeding the slopes
between the intact forests and the valley bottom will immediately provide

control of surficial erosion where it is most needed. As a control for comparison
to treated areas, 10% of these slopes will be left untreated. Slopes steeper than
35° will be left to regenerate naturally

Other priority areas for seeding will be upland areas in the valley bottom zone
covered in fine -textured sediments , where g raminoids are expected to out -
compete forbs or woody species. Seeding these areas with native grasses will
minimize establishment of  invasive exotic grasses.

Some areas will be seeded and subsequently planted with woody species. Dense
seeding of grasses and forbs can inhibit the growth o f woody plants (Whisenant
2003, Harrington and Madsen 2005, Roberts et al. 2005, Rose etal. 2006),
divert successional trajectories (McDonald 1986, Densmore 1992, Nepstad et al.
1996), and prevent natural recruitment of native species (Burton et al. 2006).
For example, the most dominant tree in the lower Elwha valley, Douglas -fir, does
not regenerate successfully where herb or shrub cover exceeds 10% (Beach and
Halpern 2001). Therefore, any dense patches of woody plants plan  ned for
installation durin g dam removal in the valley wall zone will not be seeded . At
sites prescribed for installations of woody plant s during the installation period
seed densities will be  reduced to decrease competitive interactions with woody
plantings .

SEEDING DENSITIE&ND SEED MIX

In areas not targeted for  woody plantings , 80 PLS(pure live seed) perft ? (861
PLS per square meter) will be used for broadcast seeding. Dense seeding is
necessary to compensate for seed losses and uneven seeding depths associated
with broadcast seeding (Whisenant 2003), and to minimize the establishment of
exotic plants (Stevenson etal. 1995, Burton etal. 2006). The seed mix will
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consist of 30 PLS of forbs and 50 PLSof graminoids. The densit y will be reduced
to 40 PLSper ft? in areas targeted for plantings of woody species , using 10 PLS
of forbs and 30 PLSof graminoids.

SEEDING METHODS

Groun d-based broadcast seeding will be used for all seeded areas . Hand-crank
broadcast spreaders that strap to the chest ( belly grinders) al low individuals to
seed any areas accessible on foot. This method should provide coverage to most

of the basin prescribed for seeding. A technician will follow the seeder with a

rake to increase seed contact with the soll. Seed-to -soil contact could alsob e
maximized by seeding after the fine sediments are saturated during fall rains.
Inaccessible areas, such as cliffs and steep slopes, will not be seeded.

INSTALLING PLANTSIN THE BASINS

Installing container -grown plants, bare -root plants or live -stakes is an effective
way to establish woody species. The survival of installed plants  will depend on
their ability to endure the  expected stressful conditions. To ensure success,
small -scale experiments will be conducted with a large diversity of species
planted into fine and  coarse -textured sediments  during the first year of dam
removal. These results will determine what species to propagate for the last 5
years of planting (201 4-2018) . Restoration staff will install plants at variable
densities to accele rate complex forest structure.

LIVEESTAKE INSTALLATIONS

Willows and cottonwoods are commonly used as live -stakes in riparian
restoration and may be more effective than container -grown or bare -root
seedlings (Alpert et al. 1999). Willows are particularly e  ffective at creating dense
shade quickly, as they are capable of growing more than ten feet in the first year

in sunny, moist conditions (Kern Ewing, University of Washington, personal
communication) and can develop a full canopy by the second year (Kim et al.
2006). Willows also provide abundant litter to riparian ecosystems during the
early stages of succession (O8Keefe and Nai man
address methods for live -staking willows (e.g., Kim etal. 2006, Greer et al.
2006, Schaff etal. 2003). However, it is essential to test the effects of fine and
coarse sediments on growth and survival of willows native to the lower Elwha
drainage to ensure the best return on the investment in propagation and

installation.

Appropriate species for live  -staking include willows, common snowberry, red -
osier dogwood and black cottonwood (Table 10). Common snowberry tolerates

a broad range of conditions, and establishes well as a live -stake in a range of
moisture regimes (Cereghino 2004). Red  -osier dogwood is a fast -growing, early -
seral species well suited to moist riparian conditions. It establishes well from
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cuttings (Darris 2002, Cereghino 2004), and is competitive with invasive exotics
such as reed canarygrass (Hovick and Reinartz 2007).

Black cottonwood i s a deep -rooted, riparian tree that may provide stabilization

to young floodplain s and perched terraces during dam demolition. Roots of
cottonwood seedlings can grow more than 15 inches in the first two months,

following receding soil moisture (Braatne et al. 1996, Naiman etal. 2005). Fast-
growing cottonwood can  also provide key pieces of large wood to the river
within  50-100 years, faster than most conifer species (Collins and Montgomery

2002).

Table 10. Species suited to live-staking

Scientific name Common name Habitat Type
Cornus sericea red -osier dogwood Moist
Lonicera involucrata black twinberry Moist
Physocarpus capitatus ninebark Moist
Populus balsamifera  ssp. trichocarpa black cottonwood Moist

Ribes sanguineum red -flowering currant Moist -dry
Rosa nutkana Nootka rose Wet-moist
Salix spp. willows Wet-dry
Spiraea douglasii Dougl asd spi Wet-moist
Symphoricarpos alba snowberry Wet-dry

PLANT A DIVERSITY OF SPE@ES

Planting a diversity of native species should increase the resistance to exotic

pl ant invasions (Levine & D@a0A@0hPakoriyetall 999, Naeem
2005). Introduc ing native species with a diversity of life -history traits  will also
increase surviva | rates as the species sort out across the range of micro -
environmental conditions in the dewatered reservoirs (Shafroth et al. 2002,

Walker and del Moral 2009). Careful monitoring of individual species success

rates during the first growing season will d irect future propagation efforts to

focus on species that are most likely to survi ve the stressful conditionsin  the
dewatered reservoirs. Throughout the project, an emphasis will be placed on
installing early -seral, woody species, such as  Douglas -fir, bit ter cherry, willows,
red alder, Indian plum , and Rubus species (Table 11). These early seral species
have high growth rates better suited to minimize exotic species establishment

and tolerate harsh environmental conditions (Shafroth et al. 2002). Later -seral
species, such as Oregon -grape, western hemlock and western red cedar, may be
introduced during the post  -installation period.
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Table 11. Native woody plants common in early seral plant communities of the Elwha.

Species

Acer macrophyllum
Alnus rubra
Crataegus douglasii
Malus fusca

Populus balsamifera  ssp. trichocarpa
Prunus emarginata  var. mollis

Pseudotsuga menziesii
Abies grandis

Cornus nuttallii

Alnus viridis  ssp. sinuata
Amelanchier alnifolia
Ceanothus sanguineus
Cornus sericea
Holodiscus discolor
Lonicera involucrata
Mahonia aqui folium
Oemleria cerasiformis
Oplopanax horridus
Philadelphus lewisii
Physocarpus capitatus
Ribes bracteosum
Ribes divaricatum
Ribes lacustre

Ribes lobbii

Ribes sanguineum
Rosa nutkana

Rubus leucodermis
Rubus parviflorus
Rubus spectabilis
Rubus ursinus

Salix lucida var. lasiandra
Salix scouleriana

Salix sitchensis
Sambucus cerulea
Sambucus racemosa
Spiraea douglasii
Symphoricarpos albus
Acer circinatum

Acer glabrum
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Common Name

big -leaf maple

red alder

black hawthorn
western crabapple
black cottonwood
bitter cherry

Douglas -fir

grand fir

Pacific dogwood
Sitka alder

western serviceberry
redstem ceanothus
red -stemmed dogwood
ocean -spray

black twinberry

tall Oregon grape
Indian plum

devil's club

mock orange
ninebark

stink currant
spreading gooseberry
prickly currant
gummy gooseberry
red -flowering currant
Nootka rose

black -cap raspberry
thimbleberry
salmonberry

trailing blackberry
Pacific willow
Scouler willow

Sitka willow

blue elderberry

red elderberry
Douglas' spirea
common snowberry
vine maple

Rocky Mountain maple

Life
Form
Tree
Tree
Tree
Tree
Tree
Tree
Tree
Tree
Tree
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub



PLANT SPECIES IN APROPRIATE SUBSTRATES

Establishing plants in the sediments requires an understanding of the effect that
texture will have on plant performance (Tsuyuzaki et al. 1997, Chenoweth 2007,
Michel 2010) . There is not enough information on all native species to predict
with certainty how they will perform in fine or coarse -textured substrates
However, some general expectations can be outlined based on av ailable
information. On fine substrates, grasses tend to be the first pioneers in primary
succession (Grubb 1986). On fine sands, forbs and some shrubs tend to be the

first pioneers. Large trees and shrubs tend to pioneer newly -formed, coarse -
textured subs trates (Grubb 1986). On fine sediments, native grasses may

provide short -term solutions to invasion by exotic grasses, but a long -term
solution requires establishing woody species. On coarse sediments, trees and
shrubs should establish readily. However, r iparian deciduous species, such as
red alder, willows and cottonwood, will not do well on deep layers of coarse
sediments perched above the water table. Planting trees and shrubs onto coarse

terraces during dam removal while the water table is high may impr ove pl ant
performance and persistence  (Auble etal. 2007, Chenoweth et al. in prep. ).
After dam removal, species tolerant of dry, coarse -textured soils (e.g., Douglas -

fir, shore pine , and western white pine ) will be planted on perched terraces.

INSTALL PLANTS AT VARIABLE DENSTIES

Variable spacing of trees is an important structural characteristic of late -
succession forests (Franklin etal. 2002). In the Pacific Northwest, v ariable
density of trees result s from gap form ation in all stages of stand developme nt
(Lutz and Halpern 2006). Planting the initial cohort of trees and shrubs at

variable densities should accelerate the development of structural complexity. In
addition, varying tree densit y should result in  variable rates of growth . Growth
rates should start high in densely planted patches and then decline after 5t010
years (Scott et al. 1998), depending on site productivity. Growth in areas planted

at lower densities should start slow and then exceed the growth rate of densely
plant ed areas after 10 years.

For planning purpose , planting densities are prescribed at 700 trees per acre,
1,000 shrubs per acre, and 2,500 live -stakes per acre. Planting densities at
individual site s will vary, with a combination of dense patches (facilitation

patc hes; see below) planted within a matrix of average -to -sparse planting s and
small openings. Open ar eas will be located close to  densely planted patches, so
trees along the perimeter will benefit from the edge effect of the opening

(Roberts and Harrington 2 008).

CREATE FACILITATIONPATCHES OF DENSE WOOY VEGETATION

Dense patches of trees will be planted before seeding or planting the less-dense

matrix oftreesandshrubs . These ofacilitation patchesbo
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strategic locations throughout the ba sins. The basins are large, access may be
difficult, and sediment texture and herbivory may limit the establishment of

woody species. Establishing trees in extreme environments can be particularly

difficult, due to the sensitivity of seedlings to drought. Planting high densities of
woody plants has several advantages  under these circumstances . Environmental
extremes are ameliorated within  dense patch es of vegetation , improving plant
survival and increasing growth rates (Will et al. 2006). The canop ies of de nse
patches close quickly relative to low  -density plantings, discouraging invasive
exotic plants . Dense plantings also provide more organic matter to the soils

than widely spaced trees and should reduce erosion rates (Whisenant 2003 ,
OdKeef e and R)aDemnsaislands®fGrees are attractive to birds and
mammals, increasing zoochorous seed rain (Walker et al. 1986, Robinson and
Handel 1993, Zahawi and Augspurger 2006). Because survival and growth rates
of trees are high in dense patches, they are fast to reach maturation, becom ing
opropagation donor patchesdé to the surrounding |
The accumulation of organic matter and shade within facilitation patches will

promote th e establishment of late -seral, shade -tolerant species within the patch
and along patch edges (Yarranton and Morrison 1974).

Facilitation patches will range in size. Patches could be as small as 100 ft2to as
large as an acre or more . Larger patches are pr eferred, since they tend to
outperform small patches (Walker et al. 1986, Whisenant 2003). Facilitation
patches will be installed in all restoration zones. Facilitation patches will be

particularly important on valley wall landforms that are prone to erosi on and
slope failure.

Species compaosition in facilitation patches will vary, and will include shrubs and
trees. Some seeding within facilitation patches could occur using species less

likely to compete with trees such as native strawberries ( Fragaria spp.), Pacific
blackberry ( Rubus ursinus ), or other native stoloniferous plants. Erosion control
devices (i.e. large wood anchored perpendicular to the slope) may be used to

stabilize facilitation patches in steep terrain.

SITES SUITED FOR FALLITATION PATCHES

Since the success of native woody plants on fine -textured substrates is

uncertain, facilitation patches  will be installed primarily in areas where they  are
most likely to  flourish . In the valley wall zone, facilitation patches are most likely

to thrive on coarse sediments (e.g., at the mouth of tributaries or near former
shoreline peninsulas) or where fine sediments are shallow . Where fine sediment
is thin or absent, planting on microtopography that is relatively flat may be

effective. Small benches or gent le slopes on steep terraintend  to passively
retain resources such as water, organic matter, eroding soils, and nutrients

flowing through the landscape (Whisenant 2003). In the absence of vegetation,
landform and microtopography are the only variables that influence the flow of
resources. These features wil/ be referred to as o0res
Focusing restoration efforts on RCZs should improve survival and growth rates
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of plantings and enhance biotic control 0 f resource flows in key areas of  the
basin (Whisenant 2003).

Wood exposed on the surface effective  ly captur es resources. The wood itself is a
resource and provides seedlings with moisture, nutrients and organic matter

(Harmon et al. 1986, Gray and Spies 1997). Wood may occur in the basins as

left -over logging slash, logs  that floated in to the reservoirs , shags (riparian trees
left standing during inundation) , and stumps. These features will be treated as
RCZs. Restoration staff will plant on the upslope side of wood whe  re resources
accumulate , and wood will be redistribute d around facilitation patches whenever
possible .

Once demolition is complete, the basins will be mapped for geomorphological
features, including likely RCZ s. Some RCZs may be discovered during
installat ion, and planting will  be adjusted to take advantage of these sites.
Native plants may colonize some RCZ s bhefore restoration activities begin.
Naturally -revegetating RCZ s will not be disturbed by revegetation activities.

SOIL AMENDMENTS

Adding amendments b elow the soil surface does not improve planting success

in restoration projects (Chalker  -Scott 2010). The best approach to restoration of
wild lands that cannot be irrigated is to allow the plants to adapt to the native

substrate regardless of the limitati ons of the substrate. In some restoration
projects, practitioners inoculate plant roots with endomycorrizhal fungi to

improve plant performance. Cook (2008) found that inoculation of roots in

native plants did not significantly improve performance in fine sediments from
Lake Mills. Applying organic materials, such as mulch, on top of soil surfaces

can be an effective way to improve planting success at restoration sites (Cahill et
al. 2005). Two studies have shown that the application of  mulch is an effectiv e
way to reduce erosion of sediments from Lake Mills ~ (Mussman et al. 2008 , Cook
2008) . The scale of this project and the available funding restricts the large -
scale ability to add mulch or other organic material to the soil surface . However,
restoration st aff will consider adding mulch, duff from surrounding forests, or

other organic material  on soil surfaces in strategic locations  such as facilitation
patches .

STRATEGIES TO MINIMEE ANIMAL DAMAGE

Minimizing animal damage is essential to establishing woody vegetation in the
basins. Animals damage vegetation in many ways: clipping and browsing foliage

and leaders ; gnawing , rubbing and girdling stems ; trampling, and burrowing.

By damaging woody plants, large and small herbivorous animals can influence

the di rection and rate of succession (Woodward et al. 1994, Schreiner et al.
1996, Rudgers et al. 2007), potentially interfering with the goal of establishing
native forests . Animal damage can increase cover of exotic species, since large
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herbivores such as ungu lates can create disturbances that benefit exotic plants
(Harper 1977, Woodward et al. 1994) and small herbivores may preferentially
browse native seedlings (Rudgers etal. 2007) .

Wildlife response s to habitat changes following dam removal ha ve not been
predicted. However, itis likely that suitable habitat for some species will be
created . Newly -established trees, shrubs, groundcovers (and their seeds) could
represent a new source of food . Rodents, hares, and larger herbivores will be
attracted to the ear ly-successional vegetation. Due to the lack of escape cover,
the greatest use of the area by wildlife will probably be along the edges of the
basins. Wildlife use can be expected to increase as the diversity and biomass of
vegetation increases.

Herbivore pressure may vary as a function of landform and local refugia in the
exposed basins. On the west side of the Olympic Mountains, valley bottoms are
generally heavily browsed, while herbivory pressures on valley wall landforms or

other steep terrain is less  intense (Schreiner et al. 1996). Where herbivory  from
ungulates is intense, woody species may be restricted to refugia such as
accumulations of wood that are inaccessible to large herbivores (Schreiner et al.
1996). Natural or artificial woody debris obstr uctions will provide refuges for
palatable vegetation

Clumps of unpalatable shrubs  can also function as refugia for neighboring
palatable woody plants (OIff et al. 1999, Callaway et al. 2000, Milchunas and
Noy-Meir 2002, Callaway et al. 2005, Smit etal. 2005, Smit et al. 2006, Padilla
and Pugnaire 2006, Smit et al. 2007 and others). Nootkaroseisa n example of a
native, thorny shrub which  survives in heavily -browsed meadows upstream of
Lake Mills. Through its rhizomatous habit, Nootka rose produces thickets that

may eventually act as refugia for other woody species . Thickets of unpalatable
native species will be planted around palatable woody plants  to provide refugia,
enhanc ing succession and ensuring woody  plant establishment even in heavily -
browsed areas.

Planting woody seedling s immediately after dam removal before foraging

patterns are established may be the best approach to reduce browsing impacts
(Nolte 2003). Sprays de signed to repel large ungulates can be effective (Nolte
1998), but are not practical at the large scale of this project. Application of anti
herbivory sprays is required several times a month, depending on the spray. It

may be practical to use anti  -herbivo ry sprays in selected areas

The following measures will be employed to minimize plant losses due to
herbivory:

¢ Plant significant numbers of unpalatable species and inter -plant palatable
species.

e Plant within natural piles of woody debris.

e Redistribute large piles of woody debris to create barriers around
plantings .
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e Compensate for wildlife losses by increasing the number of plantings

e Seed in late winter or early spring to minimize exposure to seed -eating
mammals and birds.

e Plant at least eight feet away from heavily -used deer and elk trails.

The following measures are may also be implemented (see budget summary
chapter 16):

e Install protective t ubi ng ( s uc hovardreesdédlirga.r 0 )
e Useanti-her bi vory spraysrexaodoh oas oaBquid

ADAPTIVELY MANAGING FOR CLIMATE CHANGE

Climate change is expected to significantly impact forest communities in the
Pacific Northwest. Increasing temperatures, decreasing winter snowpack, and
early snowmelt will likely result in decreased soil moistur e and an increase in
drought stress in some forests of the Pacific Northwest ( Climate Impacts Group
2010) . As aresult, o ur forests are expected to support fewer trees, and s pecies
composition may change (van Mantgem et al. 2009).  Warmer temperatures and
drier summer s will increase moisture stress on sandy terraces perched high
above the baseflow of the river . Climate change will also increase forest
disturbances (e.g. fire, d isease outbreaks, and landslides).

Restoration staff cannot control the anticipated environmental changes

Planting species resilientto drought stress and disturbances may mitigate
damage caused by environmental  change . Two tree species native to the Elw  ha,
lodgepole pine ( Pinus contorta ) and western white pine ( Pinus monticola ) are
drought -tolerant species well suited to sandy substrates. Both species dominate
coarse -textured lacustrine landforms created by glacial Lake Elwha more than
12,000 years ago. Most of the plant species  planned for introduction into the
reservoirs are early seral species that vigorously resprout after disturbances

such as herbivory or fire (  USFS1998). Other strategies already mentioned
(facilitation patches, planting a large diversity of species , variable density
plantings ) are designed to moderate harsh environmental conditions . Therefore,
these strategies should provide some community resilience to climate change.

A true gauge of climate change effects on vegetation development in the
dewatered reservoirs will require long -term monitoring well beyond the seven -
year duration of this project.
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Extreme

environ ment and
climat e change
(e.g. moisture
stress, increased
disturbance)

Reservoir
sediments

Distance from
intact vegetation

Invasive exotic
species

Herbivory

Erosion of fine
sediments
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Table 12. Strategies to restore the dewatered reservoirs.

Ameliorate
stress

Establish
native
woody
plants

Accelerate
native
vegetation
development

Prevent
invasive
species from
establishing

Establish
woody
plants

Minimize
input of
fines into
river

Unassisted
Assisted

Artific ial

Assisted

Artificial

Unassisted

Assisted

Artificial

Assisted

Artificial

Artificial

Unassisted

Artificial

Allow natural regeneration

Create safes sites with large woody debris

Install facilitation patches

Emphasize introducing plants common to

early seral communities

Introduce a diversity or native plant species
Introduce species known to tolerate sandy

soils

Create safes sites with large woody debris

Introduce a diversity or native plant species
with a range of life history traits

Match species to substrate texture

Experiment with woody species in fine
sediments during dam removal
Introduce species known to tolerate sandy

soils

Allow natural regeneration with

forests

82-160 feet of

Allow natural regeneration in floodplain
Encourage natural regeneration by creating

safe sites with woody debris

Focus plant introductions at sites

160 feet of intact vegetation

beyond 82-

Treat invasive populations in dewatered
reservoirs for 7 years to prevent establishment
Treat invasive populations in watershed to

minimize propagule pressure

Install native species at sites beyond

ft. of intact vegetation
Install facilitation patches

82-160

Place woody debris obstacles around
vegetation or plant in natural woody debris

piles

Install plants immediately after dam removal
before animal patterns are formed
Plant high densities (facilitation patches)
Introduce species with ability to re

vigorously after disturbance

-sprout

Plant patches of thorny shrubs around
palatable plants (associational resistance)
Allow erosion to occur unimpeded during dam
removal to expose native substrates and

landforms
Seed all
immediately after dam rem

sl opes

oval

>5E witth



10. REVEGETATIONPRESCRIPTIONS

The p rescriptions in this chapter apply to both basins. The restoration zones
and plant species targeted for installation are appropriate for both basins. Some
specific conditions are expected to differ between the basins; these are
described below.

Prescriptions are organized by zones ba  sed on landforms. Topographically , the
reservoirs resemble bathtubs. The upper areas along the shorelines are

moderate -to-steep slopes (slopes 5-45°). The reservoir floors are relatively flat
(slopes <5°) and cover the most area. The reservoir floors const itute the valley
bottom zone. The area of transition between steep slopes and the valley bottom

is characterized by moderate slopes (between 5 and 20°). Vegetation

prescriptions for valley wall and transitional landforms (all slopes between 5°

and 35°) wil | be the same; the combined area con  stitutes the valley wall zone. In
Lake Mills, a reas within 16 0 feet (50 meters) of intact forests, referred to as the
shoreline buffer zone, will be left to regenerate naturally. In Lake Aldwell, the
shoreline buffer zon e will be 82 feet (25 meters) from intact forests. Ten percent
of each zone will be left open as gaps between treatments or to provide control

plots to compare with restoration sites. The delta s will be eroded downstream
into the reservoir s, so the area be neath the delta s is included in the acreage
available for revegetation. The  approximately 47 -acre forested island in Lake
Aldwell is not likelyto  be affected by dam removal and is not included inthe
total area to be revegetated. Revegetation will be impl ement ed on at otal of 516
acres. See Tables 13 and 14 for the acreage estimates by zone for each

reservoir.

In the two reservoirs, restoration staff will seed a total of 261 acres ( 96 acres in
Lake Mills , 160 acres in Lake Aldwell, 6 acres on appurtenant project land) and
install plants on a total of 440 acres (262 in Lake Mills and 179 in Lake Aldwell)
(Table 15 ). The seed mix is a combination of native forbs and grasses produced

by the Corvallis Plant Mat erials Center (see chapter 13). Species in the mix
include blue wildrye ( Elymus glaucus ), Bromus species ( B. carinatus, B.
pacificus, and B. sitchensis ), slender hairgrass ( Deschampsia elongata ), spike
bentgrass ( Agrostis exarata ), yarrow ( Achillea millefo lium ), wooly sunflower
(Eriophyllum lanatum ) , Suk s dor f ©,dhickv-beadadvsedgel ( Carex
pachystachya ),and De we y 8 s Gaeed dpweyana )*. Prescribed mixes of
plant species to install will be modified for various combinations of zone,
landform and su bstrate . Restoration staff is currently considering planting or
seeding 70 different native plants (See  Chapter 13).

*The identification of  C. deweyana on the Olympic Peninsula may not be correct ( Peter Zika, University of
Washington, personal communication). The genus has recently split into four species ( C. deweyana, C.
bolanderi, C. infirminervia, and C. leptopoda ), all native to the PNW  (Wilson et al. 2008). Identification of the
Carex propagate d from the Elwha will be confirmed prior to imp lementation.
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Table 13. Acreage estimates for Lake Mills revegetation

Description Acres
Lake Mills d elta 87
Valley Bottom Zone 205
Valley Wall Zone 146
Total Reservoir Inundated Acreage 438
Slopes > 35° -8
Active River Channel -31
Shoreline Buffer -57
Untreated area for control, gaps (10%) -33
Total Reservoir Revegetation Acreage 309

Table 14. Acreage estimates for Lake Aldwell revegetation

Description Acres
Lake Aldwell delta complex 105
Valley Bottom Zone 131 .2
Valley Wall Zone 104 .3
Total Reservoir Inundated Acreage 340 .5
Slopes > 35° 94
Active River Channel -17
Shoreline Buffer -37.1
Untreated area for control, gaps (10%) -23
Forested d elta (not expected to erode) -47
Total Reservoir Revegetation Acreage 207

Revegetation of the reservoirs  will be executed from the top down. As the
reservoirs recede, the basins  will be mapped and naturally developing patches
of native and exotic species identified . Facilitation patches of woody plants will
be installed in key lo cations in the valley wall zone and on newly formed

terraces in the valley bottom zone. After dam removal is completed, all slopes

>5° below the shoreline buffer (73 acres in Lake Mills, 56.7 acres in Lake
Aldwell) will be seeded , except for the 10% area left as control plots and gaps.
Only a portion of the valley wall zone s will receive woody plants . Priority sites
for woody plantings in the valley wall zone are areas close to the dams or other

areas where exotic plants  are likely to invade.
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After the slop es are seeded, the focus of planting will be the valley bottom zone
The valley bottom zones, consisting of active floodplains and upland terraces,
encompass most of the area prescribed for active revegetation. Since the
floodplain is likely to remain unst able for many years, newly -formed upland
terraces will be the focus of planting efforts during the installation period

However, facilitation patches of live  -stakes will be installed in the floodplain
during the installation period. Upland terraces are lik ely to occupy more area
than any other landform in the reservoirs. Therefore, the bulk of the plant
materials will be installed in upland terr aces. A complete timeline of
revegetation is presented in Chapter 12.

Table 15. Breakdown of plant materials by reservoir

, Lake Lake
Plant Material Mills Acreage Aldwell Acreage
Conifer seedlings 61,800 88 46,200 66
Deciduous t rees 59,500 85 37,800 54
Shrubs 70,100 70 44,500 45
Live-stake 47000 19 35,250 14
materials
TOTALS 238,400 262 163,750 179
CPMC seed* %235 102 3,200 Ibs. 160

*Lake Aldwell is prescribed for more seed ing than Lake Mills due to the higher densities of
invasive species around the reservoir

THE SHORELINE BUFFERONE

In Lake Mills, the shoreline buffer zone is defined as areas within 160 feet (50
meters) of intact forests. In Lake Aldwell, the shoreline buffer zone is defined as
areas within 82 feet (25 meters) of intact forests. The shoreline buffer zone is
smaller in Lake Aldwell since the surrounding landscape has more invasive
species present. The shoreline buffer zone  will be left to regenerate naturally.
However, the shoreline buffer will not include the northern section of the
reservoirs or other sites where inva sive populations are present . Prior to
treatment efforts, i nvasive exotic plants were abundant near the dam s. There
are also several infestations of reed canarygrass along the shoreline of Lake
Aldwell.

VALLEY WALL PRESCRIPONS

Outside of the shoreline b uffer, 90% of the valley wall acreage  will be seeded |,
with 10% left unseeded as control. In addition to seedi  ng the valley wall zone,
57% of the valley wall zone in Lake Mills and 59% of the valley wall zone in Lake
Aldwell will be planted with conifers, shrubs and deciduous trees.  Priority sites
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for installation of woody plants include the slopes close to the dams, areas close
to populations of invasive exotic plants , and the banks of incising tributaries.
Successful installation of native plants along tr ibutaries may require bio -
engineering to stabilize banks . Facilitation patches will be installed at sites

where the fine sediment layer is thin or not present . Where fine sediments are
deep, restoration staff  will experiment with a variety of native woody species to
determine which species can tolerate the substrate.

During the dam removal period, staff will plant  facilitation patches in the valley
wall zone below the shoreline buffer and conduct experiments with woody

plants in fine sediment substrates . During the revegetation installation period,
valley walls will be seeded in the first year to provide immediate control of

surficial erosion.  After seeding the entire zone, woody plants will be installed
only in areas with substrates known to be favorable to woody plants (coarse or a
mix of coarse and fine  textures ). Woody plants will not be installed on areas of
pure fine sediment until the second and third year of revegetation installation

This will provide time to produce two -year-old seedlings based on e xperiment
results . During the post -installation period, late  -seral species may be installed if
additional funding  can be obtained to produce these plant materials.

See Tables 16 and 17 for plant numbers and acreage prescribed for this zone in
each reservoi r.

VALLEY BOTTOM PRESCRPTIONS

UPLAND TERRACES

Woody plants will be installed over 90 % of the terraces in both reservoirs
Approximately 30 %of the terraces in Lake Millsand 85 % of the terraces in Lake
Aldwell will be seeded prior to planting woody species. Both valley bottom zones
will have 10% left open for control. C  oarse -textured terraces in Lake A Idwell will
not be as deep as similar terraces in Lake Mills; such terraces may not occur
north of the bottleneck in the middle of Lake Aldwell (Randle, personal
communication) . Therefore, fine -textured upland terraces  are expected to occur
in the north end of the valley bottom in Lake Aldwell after Elwha Dam removal
Fine-textured terraces will be seeded with grasses and forbs.  Side channels or
wall -based channels that incise into the perched terraces will be priority sites for
revegetation and may require bioengineering to stabilize the banks and support
plantings.

During the dam removal period, restoration staff will begin planting facilitation
patches on coarse -texture, perched upland terraces in both reservoirs . The first
terraces will form in the southern end of the reservoir s and access to the
southern end of Lake Mills will b e limited. Therefore, in Lake Mills, plant ings will
predominantly be live -stakes and bare -root materials which  can be readily
transported in bundles in backpacks. There is convenient access to the south
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end of Lake Aldwell, so restoration staff can transpo rt and install container -
grown stock during dam removal . Revegetation of the terraces will be completed
during the revegetation installation period.

After dam removal is completed, d  eep, coarse -texture upland terraces perched
above the water table will be install ed with plants tolerant of dry conditions

These include Douglas -fir, shore pine, western white pine, Douglas maple ( Acer
glabrum var. douglasii ), oceanspray , Mahonia species, bitter cherry,  Scouler
willow , snowberry and Indian plum.  Experiments conducted during dam removal
will determine which species are most tolerant of the substrate on fine -texture
upland terraces.

Large woody debris  will also be placed on the surface of terraces to provide safe
sites for woody plants. Where coarse -texture terraces are not perched high
above the water table, species typical to riparian terraces will be installed. These
species include red alder, black cottonwood, big -leaf maple, grand fir, western
red -cedar, willow species, and  shrubs such as vine maple and sa  Imonberry.

FLOODPLAIN

In the floodplain of  Lake Mills , up to 80% of the area will be planted with woody
species. In Lake Aldwell, 90% of the floodplain will be planted. In both

dewatered reservoirs, 10% will be left unplanted for control. Some of the

flood plain may be seeded . A significant amount of natural regeneration is
expected to occur in the floodplain from re -sprouting wood and seed

transported by the river or wind (especially willows and cottonwood s).

Most r evegetation activities in the floodplain ~ will occur during the post -
installation period, after the river channel has  had time to stabilize. However ,
facilitation patches of live  -stake willows and cottonwoods  will be planted during
the revegetation installation period in select locations (i.e. dow nstream of large
wood jams or sprouting wood piles)

When the floodplain has stabilized, facilitation patches will be installed close to
existing woody debris and stumps  , and along relatively stable edges of the
floodplain. Initial planting on the floodplain will include deciduous trees and
shrubs, primarily Sitka willow, black cottonwood and red alder, with relatively
few conifers. Alder will not be planted in areas that are subject to inundation or
sediment deposition (Hibbs et al. 1994). The hardwoods will be planted as live -
stakes and rooted planting stock. Conifers and other later -seral species will be
planted during post -installation, since they are not expected to recruit naturally

far from seed sources (Chenoweth  etal. inpr ep.).

Given the potential lack of large wood, the Lake Aldwell basin may require

engineered logjams to help stabilize the floodplain. Funding for construction of
engineered logjams is not available , but plans have been outlined in case future
funding is obtained (Appendix A).
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See Tables 18 and 19 for plant numbers and acreage prescribed for this zone in
each reservoir.

RESTORING ADJACENT REAS

In addition to the  dewatered reservoirs, restoration staff will restore lands
disturbed by the remova | of facilities related to the dams. These include power

line corridors, berms around the dams, and areas exposed by the removal of
structures. There are approximately 13 acres associated with Glines Canyon

Dam and 25 acres associated with Elwha  Dam. Prescriptions and acrea ge details
are found in Table 20

The berms around the dams are highly infested with invasive exotic plants. The

berms at Glines Canyon Dam will be bulldozed and recontoured to recreate the
original topography of the area and will require revegetation. This newly -formed
topography is estimated to cover approximately one acre. This area will be
revegetated with herbaceous plants and shrubs in order to prevent a return of
invasive exotic species . This will require at least 1,300 shrubs. The areas
directly adjacent to the dam, such as the maintenance buildings and the

spillways, will occupy approximately 4.5 acres of bare ground after demolition.
These areas will be seeded.

The power line corridors may not require seeding or planting, sin ce they already
contain native woody species and are surrounded by mature forests. The
primary strategy for the power line corridors is to treat invasive species before

and during dam removal as well as during revegetation installation, in order to
release the native plants from competition. However, native plant cover will be
evaluated in the first year of the post  -installation period.  Shade-tolerant
conifers, some deciduous trees, and shrubs will be planted if native species are

not attaining dominance

Appurtenant areas at Lake Aldwell total 40 acres and include power lines, access
roads, hydroelectric facilities, an abandoned resort and a former gravel pit.

There is uncertainty as to the final ownership and use of these lands ; however,
approximately 25 acres are expected to be actively restored to native

vegetation. This will involve extensive exotic plant control. Soil decompaction

and scarification will be required for decommissioned access roads. Seeding and
mulching will be required over any areas of bare ground or sites treated to
remove exotic plants. Strategic planting of trees and shrubs will be useful in

blending formerly disturbed lands with adjacent undisturbed forests. Plant

materials for these sites are currently not included in the budget.
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Table 16. Lake Mills valley wall zone prescriptions.

Valley Wall
Zone

Seeding Conifer trees Dett:;(gggus Shrubs Live -stakes

14.3 12 11.5 2.4

Exposed acreage 73

Slopes > 35°
Rocky cliffs, dry -8 Natural regen Natural regen Natural regen Natural regen Natural regen

bedrock slopes

: Natural regen Natural regen, Natural regen, Natural regen, Natural regen
Shoreline buffer -57 Confrol invasive plants Control invasive Control invasive Control invasive Control invasive plants
plants plants plants
Uniieated contiol ISP T L) Joumeen Qe e e
p|OtS, gaps (..10%) Control invasive plants plants plants plants Control invasive plants
Acreage 73 acres
et fogr 73 14.3 acres 12 acres 11.5 acres 2.4 acres
P : 80 PLS per sq ft. 860 10,000 8,400 11,500 6,000
revegetation graminoid & 20 forb
Total for 73 % 73 acres 14.3 acres 12 acres 11.5 acres 2.4 acres

Revegetation 1,460 Ibs PLS 10,000 8,400 11,500 6,000
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Valley Wall

Zone

Acreage Exposed

Slopes > 35°
Rocky cliffs, dry
bedrock slopes

Shoreline buffer

Untreated control
plots, gaps (~10%)

Acreage
prescribed for
revegetation

Total for
Revegetation

77

Table 17. Lake Aldwell valley wall zone prescriptions

Seeding

60

94 Natural regen

Natural regen,

-31.9 Control invasive plants
6.3 Natural regen,
- Control invasive plants
56.7 acres
56.7 80 PLS per sq ft. 860
graminoid & 20 forb
56.7 acres
*
56.7 ~1200 Ibs PLS

Conifer trees

12

Natural regen

Natural regen,
Control invasive
plants

Natural regen,
Control invasive
plants

12 acres
~8,400

12 acres
8,400

Deciduous

trees

10

Natural regen

Natural regen,
Control invasive
plants

Natural regen,
Control invasive
plants

10 acres
7,000

10 acres
7,000

Shrubs

9.5

Natural regen

Natural regen,
Control invasive
plants

Natural regen,
Control invasive
plants

9.5 acres
9,500

9.5 acres
9,500

Live -stakes

Natural regen

Natural regen,
Control invasive plants

Natural regen,
Control invasive plants

2 acres
5,000

2 acres
5,000



Valley
Bottom Zone

Acreage
exposed

Active River
Channel

untreated
control plots,
gaps (~10%)

Floodplain
Riparian forests
Open habitats

Terraces
Lowland forests

Total for
Revegetation

78

71

165

236

Table 18. Lake Mills valley bottom zone prescriptions.

Deciduous

Live -stakes
trees

Conifer Trees

Seeding

Natural regen,
Control invasive

Natural regen,

Natural regen . h
gen, Control invasive

Control invasive plants

Natural regen,
Control invasive plants

Natural regen,
Control invasive plants

plants plants
3-4 years post -drawdown
(final acreage estimate
pending river movements 11 acres 19 acres 16 acres 11 acres
and seed resources) 7,700 13,300 16,000 27,500
150 PLS/sq ft. wild, CPMC,
or OLYM produced seed
23 acres
63 acres 54 acres 42.6 acres 5.4 acres
80 PLS/sq ft. CPMC seed
mix & 60/4D graminold - 44,100 37,800 42,600 13,500
forb
23+ acres * 74 acres 73 acres 58.6 acres 16.4 acres
459 |bs PLS 51,800 51,100 58,600 41,000




Valley Bottom

Zone

Exposed Acreage

Active River

Channel [
Untreated control

plots (~10%) 9 Ll
Floodplain
Riparian forests

Open habitats 453
Upland Terraces

Native grass 105
meadows
Lowland forests

Total for Active 150 3

Restoration

79

Table 19. Lake Aldwell valley bottom zone prescriptions.

Deciduous

Trees Shrubs

Seeding Conifer Trees Live -stakes

52

44

35

NA NA NA NA NA

Natural regen,
Control invasive

Natural regen,
Control invasive

Natural regen,

Natural regen . ;
gen, Control invasive

Control invasive plants

Natural regen,
Control invasive plants

plants plants plants
Se-ﬁ(;/iﬁgrfivpeosrt r:c')r\‘;";"’rggr‘:‘g 9 acres 16 acres 12 acres 8.1 acres
and seed resources 6,300 11,200 12,000 20,250 stakes
100 acres*
45 acres 28 acres 23 acres 4 acres
80 PLS/sq ft. CPMC seed mix 31,500 trees 19,600 23,000 shrubs 10,000
8 60/20 graminoid -forb
*

2000 1&% ?ggeﬁ)s er 52 acres 44 acres 35 acres 12.1 acres

! P 37,800 30,800 35,000 30,250

acre)



Adjacent
Areas

Total acreage

Glines Canyon Dam
berms

Buildings Areas
Around Elwha Dam

Glines Canyon Dam
Power Building

Power line corridors
inside ONP

Power line corridors
outside ONP, Elwha
Resort Area, gravel

pit

Total funded for
Revegetation

Table 20. Prescriptions for adjacent areas for both basins.

: : Deciduous :
Acres Seeding Conifer trees trees Shrubs Live -stake s
38 5.8 0 0 1.3 0
1.3 acres
CPMC seed 1,300 shrubs
1.3 NA NA . . NA
20 PLS pr s . 50 gricr iy
graminoid & 20 forb
C A A A
45 (1,400 conifers may (1000 trees may be (2,000 shrubs may be NA
: 80 PLS be planted if needed planted if needed and planted if needed and
per sq ft. 660 . . .
S and available) available) available)
graminoid & 20 forb
NA NA NA
0.8 NA (280 conifers if (140 trees if building (200 shrubs if NA
building is removed) is removed) building is removed)
NA NA NA
10.9 NA (3,500 shade -tolerant - (4,900 shrubs, if NA
conifers, if needed) (oS, (fr2stn) needed)
NA NA NA
205 NA (7,700 shade -tolerant (1,400 trees, if (7,500 shrubs, if NA
conifers, if needed) needed) needed)
5.8 acres 1.3 acres
7.1 116 Ibs (20 Ibs per (12,880)* (3,240)* 1,300 0
acre) (14,600)*
particularly along p  ower line corridors is

*Not currently afforded in the budget, but may be needed and paid out of contingency funds. Some natural regeneration,

expected.
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11. MONITORING AND ADAPTIVE MANAGEMENT

Adaptive management is a comprehensive approach to restoration and other
natural resource management activities, in which the feedback between

observation and action is emphasized. There will be many unpredictable and
uncontrollable contingencies  capable of deflecting the restoration site s from
desired trajectories  (Whisenant 2003, Clewell et al. 2005, Walker and del Moral
2003). To ensurethat project goals and objectives are achieved , restoration
staff must plan to systematically observe the results of restoration efforts, and
incorporate lessons learned into remedial action (Apostol 2006). Monitoring is

costly, and extraneous information is distracting, so mon itoring must be
designed to report on clearly articulated object
sufficient, but not excessive detail 6 (Whisenant

Adaptive management also entails  the allocati on of resources for maintenance

and remedial actionafter t he initi al install ation phase. O0NoO
has ever been accomplished exacethly20Gbsand t was pl ¢
few projects succeed without post  -installation maintenance (Walker and del

Moral 2003). Maintenance activities could i nclude removal of exotic plants,

installation of barriers to herbivory, thinning or inter -planting to change stand

densities, and planting or direct  -seeding native plants.

MONITORING OBJECTIVES AND HYPOTHESES

Monitoring the revegetation effort will allow restoration staffto  adjust methods
and strategies to ensure  that short term objectives are being met. Several
hypotheses have been designed for each of the short -term objectives mentioned
in Chapter 7.

Objective 1: Exotic species do not dominate cover of regenerating vegetation

0 Hypothesis 1: Primary species of concern and watch list species are
not present in the reservoirs

0 Hypothesis 2: Cover of secondary species of concern is less than
1% of the revegetation acreage.

0 Hypothesis 3: Planted or seeded sites  have a lower cover of exotic
species than untreated sites

0 Hypothesis 4: Facilitation patches have lower cover of exotic
species than any other treatment.

Objective 2: Cover of native plants is increasing annually

0 Hypothesis 5: Planted or seeded sites  are increasing in cover of
native species more quickly than unplanted sites.

0 Hypothesis 6: Facilitation patches  are increasing in native species
cover more quickly than other treatments.
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0 Hypothes is 7: Sites in the shoreline buffer zones are increasing in
native plant cover more quickly  than untreated valley wall sites
outside of the shoreline buffer zone

Objective 3: Cover of bare ground is decreasing on valley wall landforms and
upland terraces

(0]

Hypothesis 8: Cover of bare ground is decreasing more quickly on
treated sites and sites within shoreline buffer zone than on untreated
sites.

Objective 4: Native woody plants are establishing on all landforms, and are
increasing in cover relative to other lifeforms

0 Hypothesis 9: Planted areas have gre ater cover of native woody
species than unplan ted areas outside of the shoreline buffer zone

0 Hypothesis 1 0: There is less herbivory damage from ungulates to
palatable, woody plants within patches of thorny shrubs than in
patches with no thorny shrubs.

0 Hypothesis 1 1: There is less herbivory damage from ungulates in
facilitation patches than in sites with lower density plantings.

0 Hypothesis 1 2: There is less herbivory damage from ungulates to
plantings protected by large woody debris piles than at sites with out
woody debris.

o0 Hypothesis 1 3: Early seral woody vegetation s increasing in cover
more quickly than vegetation associated with later seral vegetation.

0 Hypothesis 1 4: Native plant diversity is higher in plant ed areas and in
the shoreline buffer zone  than in untreated areas outside of the
shoreline buffer zone

Objective 5: Surficial erosion off of upland landforms is declining .
0 Hypothesis 1 5: Surficial erosion is less at sites treated than at sites

not treated.

REVEGETATION TREATMBETS

Revegetation strateg ies can be separated into five different treatments  to be
monitored . They are:

(0]
(0]
(0)
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Treatment 1: No action taken (control).

Treatment 2: Sites seeded by native forbs and grasses only.
Treatment 3: Sites seeded by native forbs and grasses and planted
with native woody species.

Treatment 4: Sites planted densely with native woody species only
(facilitation patch).

Treatment 5: Sites planted at moderate spacing with native woody
species only.



An additional treatment, the creation of safe sites using large woody debris
without seeding or planting, will not be monitored.

DATA COLLECTION

The bulk of the data for monitoring will come from a set of permanent plots to
be establish ed throughout both b asins. Plots will be placed in  the floodplain,
upland terraces, valley wall and shoreline buffer. The active river channel and
slopes steeper than 35° will be excluded. Separate subsets of plots will be
established in the untreated control portions of each revegetation zone. Within

the four zones, there will be both treated and untreated plots in the floodplain,
upland terraces, and on the valley wall . In the shoreline buffer zone |, no
treatments are proposed , but the plots in this zone are unique since they are

close to intact forests . Untreated plots within the shoreline zon e will be
compared to untreated plots outside the shoreline zone in the valley wall zone
to test hypotheses 7,9 and 15 . Treatments have been prioritized for each zone
and for each reservoir (Table 21 and 22 ). The Generalized Random Tesselation
Stratified procedure (GRTS, Stevens 1997) will be used to produce a random
sample of plot locations that are spatially dispersed

There will be 15 plots per stratum to assess the short -term restoration
objectives. With 12 combinations of treatment and revegetation zo ne, there will
be 180 plots per reservoir, 360 in total. All plots will be surveyed  annually until
2017 (6 years of data). Treatments without permanent plots will be monitored
informally (incidental monitoring) to assess efficacy.

Plots will be 0.025 ha ci rcular plots (8.9 m radius) (Acker et al. 2008). Plot
dimensions will be corrected for slope, so that the horizontal area is the same

for each plot. Within each plot , cover of herbaceous vegetation and bare ground
will be measured and tree seedlings will be tallied infour 1 -m? quadrats. Cover
of woody plants  will be recorded along two, 10 -m line intercept transects.  Tree
saplings (> 2.4 cm diameter at breast height, dbh) and trees (> 12.6 cm dbh)

will be tallied by species in the entire circular plo  t. The center of each plot and
the ends of both line  -intercept transects will be monumented with rebar. One
edge of each 1 -m? quadrat will coincide with a fixed location on a line -intercept
transect to allow precise re -location.

The assumption that the pro  posed sample size (15 plots per treatment, per

strata) will be adequate will be evaluated by a statistician. The power analysis
will be focused on the ability to detect changes in bare ground (objective 3),

since this short -term objective has the most imme diate relevance to the overall
goals of Elwha River Restoration . The design will be sufficient to detect a 10%
decrease in bare ground per year over three years (see below), at alpha of 0.10
with a power of 80%. Pilot data from Geyser Valley and the Lake M ills delta will
be collected to determine the  power analysis.
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Table 21. Lake Mills revegetation zones and treatments to be monitored. Restoration
staff will survey 15 plots per treatment in each strata resulting in 180 plots.

Upland  Valley  Shoreline

Treatment Floodplain Terrace Wall Buffer
Untreated X X X X
Seeded only X

Seeded and planted X

Dense plantings X

Moderate plantings X

Table 22. Lake Aldwell revegetation zones and treatments to be monitored.
Restoration staff will survey 15 plots per treatment in each strata resulting in 180

plots.
Treatment Floodplain .IL_JQI;T:% V&;!:I?/ S?J;g?e
Untreated X X X X
Seeded only X
Seeded and planted X
Dense plantings X X X
Moderate plantings X X X

INCIDENTAL MONITORING

Data collected from permanent plots may not be enough to detect all of the
changes occurring in the dewatered reservoirs. This is particularly true for

detecting invasive exotic plant populations and observ ing those treatment
effects without permanent plots . Incidental monitoring can provide a more
complete picture of natural regeneration, survival of plantings, herbivory and

other disturbances that may develop after dam removal. Planting and
monitoring crews will  observe and record ex otic plants, areas of intense
herbivory and other notable conditions as they travel between work sites . The
technical lead will traverse both reservoirs several times a year to get a clear
understanding of the changes occurring , With a particular focus on  treatments in
zones that do not have permanent plots . In addition, the supervising botanist
(ONP vegetation branch chief) , the LEKT habitat biologist, and the ONP plant
propagation specialist  will inspect the reservoirs at least twice annually.
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TRIGGER OINTS AND MANAGEMENT RESPONSES

Restoration staff will respond promptly to invasive, exotic plants recorded either

in the monitoring plots or through incidental observations. If an invasive species

of concern is observed in small enough numbers of sufficiently small plants, the
observer will pull the plants and pack them out of the basin. Irrespective of the
infestation size, its extent and location  will be recorded using GPS units. To

respond to infestations too large for immediate eradication, staff will review the
data every two weeks during the monitoring season. Depending upon the most
appropriate method and timing for the species, control by the exotics crew  will

be scheduled for eith er the current or following season.

The other short -term obje ctives all require observation of change from one year

to the next. At the end of each monitoring season, the technical lead  will
analyze plot data to determine  the effectiveness of various treatments . If certain
treatments prove to be more effective than others, modifications to the
implementation plan  will be consider ed. However, since changes may be

affected by differences in weather between successive years, the trigger point

for action will be two  consecutive years of undesired changes (i.e., steady or
decreasing cover of native plants, steady or increasing cover of bare ground,

steady or decreasing numbers of saplings and trees). Regarding Objective 3
(cover of bare ground decreases), an additional test would be applied before
stating a need for action  in a particular combination of revegetation zone and

basin (treated areas only). Since cover of bare ground is estimated withinthe 1 -
m? quadrats but not on the line  -intercept transects, it could occur that bare

ground increases within a plot at the same time that overall plant cover

increases (i.e., sum of cover of herbaceous and woody plants). Any such plots

would not be counted as failing to meet the short -term objective for bare

ground.

If undesired changes are detected , restoration staff will need to probe more
deeply to determine the probable cause and appropriate response. For example,

a failure of native plant cover to increase in upland areas could be due to
drought stress, ungulate herbivory, or root disease, among other possibilities.

The technic al lead and other senior staff will inspect the plots exhibiting the
undesired changes to assess such situations. For example, a failure of native
plant cover to increase due to  herbivory should be obvious; discriminating
between drought stress and root di  sease may be possible by taking into account
the species, microtopography, spatial pattern of damage, and presence or

absence of disease fungi. Responses could include planting more drought -
tolerant species, replanting with installation of protective tubin g, replanting with
species resistant to the disease  organism or increasing or decreasing density of
plantings, depending on the inferred cause of damage
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12. NATIVE PLANT PROPAGA'ION

PRESERVING THE GENHT INTEGRITY OF THELOCAL FLORA

Preserving genetic diversity is a primary mission of the National Park Service

(NPS 2006). Selecting species that are adapted to a restoration site is crucial to

the success of any restoration project (Rogers and Montalvo 2004). Genetically
inappropriate m aterials can lead to genetic erosion and plant mortality from
maladaptation, and can negatively affect neighboring ecological communities
(Rogers and Montalvo 2004). To ensure the revegetation in the basins does not
compromise local genetics and the plants installed are well adapted, some
general guidelines for the propagation of native plants have been established.

All propagules will be collected within 11 miles (20 kilometers) of the reservoirs.
Boundaries have been identified in order  to guide many aspe cts of the project,
including propagule collection. The boundaries are defined by elevation and

local watershed features (Figure  28).

To further organize the collection and storage of propagules, zones have been
created within the boundaries (Figure  28). Propagules of each species will be
collect ed from more than one zone  to ensure genetic diversity within the species
to be propagate d.

Nearly all of the major  tree species in the Pacific Northwest are collected from

seed transfer zones withina 1 000 -foot ele vation band of the out -planting site
(Randall and Berrang 2002). These guidelines will be applied for all conifer
species. Minor deviations outside of the project boundaries may be necessary in
order to obtain seed and cuttings for species under -represente d within the
boundaries . Some early -seral riparian species common to lowland rivers are

scarce along the lower Elwha River. There are few young floodplains below the

dams (Kloehn et al. 2008), restricting the available habitat for early seral species

such as river lupine ( Lupinus rivularis ). In such cases, species may be collect ed
from populations immediately adjacent ; for example, from the Dungeness River
watershed, the closest large watershed.

Seed of western red cedar may also be obtained from outside of the project
boundaries. Western red cedar has little genetic variability between populations
(Randall and Berrang 2002). Cone collection is difficult within the park, since

park policy prohibits cutting down a tree for cones. If necessary, seed of

western red cedar , collected within the Puget Sound seed transfer zone (Randall
and Berrang 2002) , may be purchased from a commercial vendor.

During propagation at off ~ -park growing sites, seeds, cuttings and plants will be
physically separated from  conspecific populations to protect genetic integrity

and prevent cross -pollination. In addition, the recommendations of McKay et al.
(2005) will be followed as much as possible to prevent unintended alteration of
genetic composition of plant populations during seed -increase. Restoration staff
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and collaborators will work to carry out seed -increase in locations where climate
and other environmental factors are as similar as possible to the Elwha Valley,
harvest from the entire planted population, and harvest as often as possible.

GENETIC GUIDELINES DR PROPAGATION AND OUT-PLANTING

Seeds, spores and cuttings from more than 70 species of native plants  will be
collected . Due to lack of information on genetic variability within these species,
general guidelines to maintain ge  netic diversity will be followed . These
guidelines were devised following the recommendations of Randall and Berrang
(2002) and Rogers and Montalvo (2004).

Propagule collection:

e Match collection sites with restoration site.

e As a proxy for genetic informati  on, environmental conditions and species
biology will guide collection efforts.

e Donor plants will be restricted to wild , hot planted specimens .

e Propagules from all species will be collected in more than one year.

e Propagules will be collected throughout eac h season of seed ripening.

e Over-collecting from a single plant or cluster will be avoided .

Propagation:

e |dentity (location) of donor plants will be tracked.

e Variable germination times will be allowed

e Over-culling will be avoided

e Optimum growing conditio  ns for each species will be considered with
input from restoration ecologists.

Out -planting:

e Whenever possible, collection site will be matched with planting site.

e For dioecious species, equal number of males and females will be
planted .

e Plants at early st ages of development will be preferentially installed
(seeds, young seedlings over older stock).

Other species -specific guidelines  will be considered (Rogers and Montalvo 2004)
for species with sufficient information.
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PROPAGATINGNATIVE PLANTS

More than 245 native plant species are known to occur within the lower Elwha
watershed . Not all of the species are suited for restoration. A primary list of
native plant species was identified for pro pagation based on abundance in
reference plant communities in the watershed, ease of propagation, and
expected performance in the harsh conditions anticipated in the dewatered
reservoirs (Table 23). To increase the diversity of species planted into the

dewatered reservoirs, a list of secondary species will be propagated or direct -
seeded into sites in smaller numbers (Table 24).

Nearly all of the bare -root and container -grown plant materials will be woody
species. For the most part, herbaceous species will b e installed as seed. Some
container -grown herbaceous species may be out  -planted (i.e. ferns and sedges),
but only in small quantities.

Seeds, bare -root seedlings, container -grown stock and live -stakes will be
installed . Plant materials will be  obtained from four primary sources. The
majority of seeds (mostly grasses) will be pro duced by the Corvallis Plant
Materials Center (CPMC) of the Natural Resource Conservation Service through
an interagency agreement . Conifer seedlings and bare -root materials willb e
obtained from commercial growers under contracts. Most of the remaining
materials, including container  -grown plants and live -stakes, will be produced at
the ONP plant propagation facility. Finally, some material from wild populations
(seed and live -stake s) will be collected for immediate installation. Distributing
plant propagation among multiple sources offers some measure of  protect ion
from planting failures, disease or pests, or extreme weather events at any one
location.

ONP PROPAGATION PROGRAM

For more than 20 years, ONP has produced tens of thousands  of native plants
per year for ecological restoration of wilderness and front -country areas in the
park. A new plant propagation facility was built to replace the small, aging  prior
facility . The Matt Albright Native Plant Center, completed in late 2009, is located
on five acres of open meadow in the northwestern portion of Robin Hill Farm
County Park , near Agnew, Washington, 19 miles (30.5 km) east of the Elwha
watershed. The facility includes a 2,1 00 sq. ft. greenhouse and approximately
40,000 sq. ft. of open and shaded nursery beds.

The ONP plant propagation facility will produce container plants, live -stakes, and
seed for the revegetation of Lake Mills and Lake Aldwell. All container plants for

the project will be produced there. In total, ONP will produce at least 137,700

plants and most of the live stakes (Table 25). The facility will also produce small
guantities of seed of a few forb and grass species not produced at CPMC.
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Table 23. Primary species for propagation. These species are significant components of early seral native
vegetation and are readily propagated.

Species

Abies grandis

Acer macrophyllum
Alnus rubra

Malus fusca

Populus balsamifera  ssp . trichocarpa

Prunus emarginata  var . mollis
Pseudotsuga menziesii

Alnus viridis  ssp. sinuata
Holodiscus discolor

Lonicera involucrata

Mahonia nervosa

Oemleria cerasiformis
Philadelphus lewisii
Physocarpus capitatus

Ribes divaricatum

Ribes lacustre

Rosa nutkana

Rubus parviflorus

Rubus spectabilis

Salix scouleriana

Salix sitchensis

Sambucus racemosa

Spiraea douglasii
Symphoricarpos albus

Agrostis exarata

Bromus complex

Carex deweyana var. deweyana
Carex pachystachya
Deschampsia elongata

Elymus glaucus  ssp. glaucus
Achillea millefolium

Artemisia suksdorfii

Eriophyllum lanatum
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Common Name

grand fir

big -leaf maple

red alder

western crabapple
black cottonwood
bitter cherry
Douglas -fir

Sitka alder
ocean-spray

black twinberry
Oregon -grape
Indian plum

mock orange
ninebark

spreading gooseberry
prickly currant
Nutka rose
thimbleberry
salmonberry
Scouler willow

Sitka willow

red elderberry
Douglas' spirea
common snowberry
spike bentgrass
brome sp.

Dewey's sedge
thick -headed sedge
slender hairgrass
blue wildrye
common yarrow
Suksdorf's wormwood
common woolly sunflower

Life Form

Tree

Tree

Tree

Tree

Tree

Tree

Tree
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Graminoid
Graminoid
Graminoid
Graminoid
Graminoid
Graminoid
Forb

Forb

Forb



Table 24. Secondary species for propagation. These species are less conspicuous in early seral
vegetation communities, may be difficult to propagate, or are lifeforms that are not a primary focus of
revegetation (forbs/graminoids)

Species Common Name Life Form
Thuja plicata western red cedar Tree

Acer circinatum vine maple Shrub
Acer glabrum Rocky Mountain maple Shrub
Amelanchier alnifolia western serviceberry Shrub
Ceanothus sanguineus redstem ceanothus Shrub
Cornus sericea red -stemmed dogwood Shrub
Gaultheria shallon salal Shrub
Mahonia aquifolium tall Oregon -grape Shrub
Ribes lobbii gummy gooseberry Shrub
Ribes sanguineum red -flowering currant Shrub
Salix lucida var. lasiandra Pacific willow Shrub
Sambucus cerulea blue elderberry Shrub
Vaccinium parvifolium red huckleberry Shrub
Carex obnupta slough sedge Graminoid
Carex mertensii Mertends sedge Graminoid
Luzula comosa Pacific woodrush Graminoid
Scirpus microcarpus small -flowered bulrush Graminoid
Anaphalis margaritacea pearly -everlasting Forb
Aquilegia formosa Sitka columbine Forb
Aruncus dioicus goatsbeard Forb
Chamerion angustifolium fireweed Forb
Erigeron philadelphicus Philadelphia fleabane Forb
Fragaria vesca ssp . bracteata wood strawberry Forb
Fragaria virginiana Virginia strawberry Forb
Geum macrophyllum large -leaved avens Forb
Heracleum lanatum Cow parsnip Forb
Lupinus polyphyllus  var. polyphyllus big -leaf lupine Forb
Petasites frigidus sweet coltsfoot Forb
Solidago canadensis Canada goldenrod Forb
Stachys chamissonis  var. cooleyae Cooley's hedge -nettle Forb
Polystichum munitum swordfern Fern
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SEED INCREASE PROGRAAT THE CORVALLIS LANT MATERIAL CENTER
(CPMC)

Grasses and forbs will be installed primarily as seed. This will require large

guantities. The most efficient method for acquiring seed is through large -scale

seed-increase. In 2009, ONP contracted with NRCSto pro duce seed , agreeing

that CPMC would produce a minimum of 5,235 Ibs (PLS) of grass, sedge, rush

and forb seed. Fields will be sown with wild seed collected from within the

project boundaries over several seasons. There will be no sowing for seed -

increase of seed harvested at CPMC to minimize ¢
alterat ion of population genetics due to selective pressures in the agronomic

setting, McKay et al. 2005).

CPMC and ONP have identified nine species su ited for seed increase (Table 25 ).
These nine species will constitute the vast majority of seeding for the proj ect.

Table 25. Nine species suited for mass-seed production at CPMC. CPMC has tested and produced
significant amounts of seed from these species.

Spike bentgrass Agrostis exarata Grass
California brome Bromus carinatus Grass
Slender hairgrass Deschampsia elongata Grass
Blue wildrye Elymus glaucus ssp. glaucus Grass
Deweyds *sedge Carex deweyana var. deweyana Sedge
Thick -head sedge Carex pachystachya Sedge
Common yarrow Achillea millefolium Forb
Suksdor fds s age wc Artemisia suksdorfii Forb
Common woolly sunflower Eriophyllum lanatum Forb

*The identification of ~ C. deweyana on the Olympic Peninsula may not be correct ( Peter Zika, University of
Washington, personal communication). The genus has recently split into four species ( C. deweyana, C.
bolanderi, C. infirminervia, and C. leptopoda ), all native to the PNW  (Wilson et al. 2008). Identification of the
Carex propagated from the Elwha will be confirmed prior to implementation.

CONIFER SEEDLING°’RODUCTION

ONP staff ha s collected conifer seed cones  during good crop years since 2001

All species of cones were collected from within a 1, 000 -ft elevation band in the
watershed to ensure genetic integrity (Randall and Berrang 2002). The cones
have been tran sferred to Silvaseed Company in Roy, WA . There the seed is
extracted, cleaned , tested for germination , and stored. A commercial nursery
will produce seedlings from the stored seed for the Elwha project. Conifer seed
collection to date is summarized in  Table 26 .

Large crops of ¢ onifer cone s do not occur every year . The interval between
large cone crops varies between species, for example from two to three years
for grand fir, versusthreeto 11 years for Douglas -fir. Using a standard
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commercial g row e r @racedure, approximately 3.75 Ibs of seed would be

needed to produce 50,000 Douglas  -fir seedlings (Michael Gerdes, Silvaseed
Company, personal communication). Based on the viability of stored seed tested
in the spring of 2009, ONP currently has enough see d. As necessary, a dditional
cone may be collected, or seed purchased  from appropriate transfer seed zones.
Any extra conifer seeds not used for seedling production may be directly

seeded.

Table 26. Conifer seed collected from 2001-2005 for Elwha Restoration.

Douglas -fir 2001 12.40 41,320 92%
Douglas -fir 2003 10.0 42,700 87%
Grand fir 2001 48.7 22,600 70%
Grand fir 2003 11.7 23,000 75%
Western hemlock 2004 0.25 233,200 84%
Westernred -cedar 2003 14 310,080 47%

COMMERCIAL DECIDUOUSTREE AND SHRUB PRODGTION

The majority of the deciduous trees and shrubs for out -planting will be

produced by a regional commercial nursery and returned as bare -root plants .
Bare-root plants are the most affordable plant type. Not all native species

prosper as bare -root plants (i.e. big -leaf maple). Therefore, bare -root seedlings
will only be produced from species known to succeed as bare -root stock. Seeds
will be collected by ONP staff and transferred to the co  mmercial nursery for
production .

WILD PLANT MATERIALS

Some seeds and live -stakes will be collected directly from the wild and installed

immediately. Live -stake collection from wild shrubs will augment live -stakes
produc ed from cutting blocks at the ONP plant propagation facility. The Lake
Mills delta, the forested island at Lake Aldwell, and the floodplain of the lower

river within the Lower Elwha Klallam Reservation contain robust populations of
willows and cottonwoods.  These plants will be cut to the ground a pproximately
one year prior to dam removal, to increase the number of new stems and

suckers available to harvest.  Wild seed of woody species, forbs and graminoids
will also be collected for direct hand -seeding. This will increase species diversity
and add native species, such as forbs, that are not targeted for mass

production. Species to consider for wild seed collection and direct seeding are
listed in Table 27
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Table 27. Species to consider for wild seed collection for direct seeding.

Pacific blackberry
Yerba buena

Thurber's bentgrass
Alaska brome
Columbia brome
Dewey's sedge

thick -headed sedge

pearly -everlasting
Sitka columbine
goatsbeard

fireweed

enchanter's nightshade
Siberian springbeauty
wood strawberry
Virginia strawberry
cleavers

large -leaved avens
cow parsnip

leafy peavine

big -leaf lupine

River -bank lupine *
coltsfoot

SHRUBS

Rubus ursinus ssp. macropetalus
Clinopodium douglasii

GRAMINOIDS
Agrostis humilis (thurberiana)
Bromus sitchensis
Bromus vulgaris
Carex deweyana var. deweyana
Carex pachystachya

FORBS

Anaphalis margaritacea
Aquilegia formosa
Aruncus dioicus

Chamerion angustifolium  ssp. angustifolium

Circaea alpina

Claytonia sibirica

Fragaria vesca ssp. bracteata
Fragaria virginiana

Galium aparine

Geum macrophyllum
Heracleum lanatum

Lathyrus polyphyllus

Lupinus polyphyllus  var. polyphyllus
Lupinus rivularis

Petasites frigidus

Cool eyds hedge n Stachys chamissonis var. cooleyae
*May not be present in the Elwha watershed
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13. REVEGETATION LOGISTCS

The movement of personnel, plant materials, and equipment in and out of the

basins will be determined in detalil following dam removal , when the terrain is
exposed and a realistic logistics plan can be created. The details presented here
are proposals intended to prepare for the logistics of managing revegetation in
the dewatered reservoirs.

All future road construc  tion within the reservoirs  will be limited to trails

designed for utility terrain vehicles (UTVs), stock use, and foot traffic. No roads
suitable for automobiles will be constructed in the dewatered reservoirs. Access
points and staging areas will be devel  oped to increase the efficiency of so  rting
and moving plants and materials into the dewatered reservoirs.

ACCESS AND STAGING AREAS

LAKE MILLSACCESSDEVELOPMENT

Vehicle and equipment access to the perimeter of Lake Mills is currently limited

and t wo vehicle access points have been identified for development . There are
four access points available to foottra  ffic and pack animals (Figure 29 ). The
vehicular access points will be short road -beds providing access from
established roads to the shoreline of the reservoirs, and will include leveled,
hardened pads to hold plants, storage sheds and portable toilets. Two storage
sheds, one at each of the northern access points , are needed. One portable
toilet for the northeast access point is needed . The northwest p oint has a
primitive toilet, and the southeast access point is close to the Whiskey Bend
Trailnead, which also has a toilet. The southwest access point is at the end of a

2.1 mile wilderness trail and will not be developed. The access points in the

norther n end of the basin will provide direct vehicle access. The Olympic Hot
Springs road approaches the north end of the reservoir near the dam. A gravel
spur road branches off from this road and leads to a primitive boat launch and
trailhead on the northwest s ide of the lake. The site has parking, a primitive
toilet, and adequate level ground for temporary storage of plants. This is

currently the only vehicle access to the perimeter of the reservoir. The boat

launch will become the northwestern access point for the project. On the

north east side of Lake Mills , an abandoned road will be developed located 0.2
miles south of the dam along the Whiskey Bend road. This route reaches the
shore of the lake in  a cove north of Windy Arm  and is approximately one -tenth
of a mile long . This access point will require significant development, since the
roadbed has been abandoned for many years. It will be cleared and gravel will

be added to the road.
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Figure 29. Proposed access points to Lake Mills. No potential wilderness areas are currently identified in
this area.
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