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APPENDIX E

RESPONSIBILITIES AND LIABILITIES

OPERATION AND MAINTENANCE

The following discusses the interim operation of the Glines
Canyon and Elwha Projects from the time of acquisition by the
Federal Government until the dams are removed. If the Department
of the Interior and/or National Park Service acquire
responsibility for the inspection, operation, maintenance,
repair, or disposal of the Elwha and Glines Canyon dams, it would
be done in accordance with the Department of the Interior
Departmental Manual Part 753, Dam Safety Program and National
Park Service Management Guideline, NPS-4 0, Dams and Appurtenant
Works; Maintenance, Operation, and Safety. Two operation
options, with and without power generation, are described.

A. Option I - Operation for Power Production. This option
involves the continued operation of the hydroelectric plants to
the extent feasible, with the exception that no major maintenance
would be undertaken. If a catastrophic failure occurred, the
affected machine would be shut down permanently. Day-to-day
maintenance, inspection, and lubrication in the plant, as well as
required periodic inspections such as for pressure tanks and
lifting devices, would continue. Maintenance and inspection
records for equipment such as the interior of the penstock and
the surge tank would be reviewed, but such inspections would
probably be discontinued for the remaining life of the plants due
to the cost required by the confined space entry requirements.
This would put a limit on how long the plants could continue to
run safely before they would have to be shut down, or the
penstocks inspected and probably repaired.

With the above in mind, the Elwha Dam powerhouse structure, while
old, is in reasonably good condition. It contains a single
horizontal station service machine, two circa 1914 horizontal
shaft machines, and two newer vertical shaft machines. The large
machines are of the Francis type. The equipment appears to have
been well maintained.

The Glines Canyon powerhouse also appears to be in good condition
and normally runs unattended. It contains a single station
service machine, and a single production machine. The station
service is a horizontal-shaft turbine and generator and the large
machine is a vertical shaft Francis-type.

Operation of both plants in the future would remain the same,
with routine maintenance performed on the day shift, seven days a
week, including lubrication, inspection, and minor adjustments.
All but minor repairs and maintenance would be accomplished with
contract forces. Major repairs would be evaluated on the basis



of economics prior to doing the work, based on the then projected
remaining life of the facility. The levels of the reservoirs
would be maintained at the normal water surface, except during
months when flow augmentation could occur.

It is assumed that the facilities ' National Historical status and
the short remaining life would preclude changes to bring the
plants into compliance with OSHA requirements. The asbestos
located on electrical equipment would be left in place and
labelled as asbestos. Noise levels would continue to be high in
the plants. Oil spill prevention and control measures would be
reviewed but probably not modified extensively.

It is also assumed that all equipment has a useful life that
equals or exceeds the time which would be required to run. No
equipment replacement, except as specifically noted, is
identified. All small tools, machine tools, specialized tools,
vehicles, and spares, which are now in the plant, or which are
normally part of the day-to-day operation of a hydroelectric
plant and power transmission line, are assumed to exist and to
become the property of the government.

The (nonpotable) domestic water system at Elwha Dam would have to
be maintained for fire and sanitary needs. At Glines Canyon Dam,
the domestic water system would also have to be maintained.
However, the pipeline should operate without major maintenance
for the remaining life of the project. Maintenance
responsibilities for the roads to each project must be
identified. The road to the Glines Canyon powerhouse would
require periodic grading and the addition of some gravel
material. The physical plant structures at both projects are
assumed to be adequate for the remaining life of the project,
including the roofing system which would need normal upkeep.

A staff of nine operators is currently required, and would remain
essentially the same during the interim period. Major repairs or
maintenance, if required, would be by contract. The Glines
Canyon powerhouse would be visited daily for inspection and minor
maintenance by personnel based at Elwha Dam. Operating costs
would remain essentially the same as experienced by the current
owner, except that replacements and some maintenance could be
reduced. It would probably be necessary to continue maintenance
welding for cavitation repair, also by contract.

Both dams would be included in the Bureau of Reclamation's post-
earthquake inspection system, the cost of which is nominal. The
Earthquake Protection Plans would be periodically reviewed, but
no major revisions are anticipated. No Standard Operating
Procedures would be prepared to supplement the plant procedures
now in place.



B. Option II - Decommissioning Powerplants. Decommissioning of
the powerhouses is reasonably straight forward. However, this is
not a plan to "moth-ball" the plants. The electrical and
mechanical equipment would begin to deteriorate immediately upon
shutdown, a process which would continue and, in some cases,
accelerate with time. Once decommissioned, the plants cannot be
restarted without extensive electrical and mechanical rebuilding.
Therefore, salvage or disposal should begin immediately to reduce
costs and liabilities.

The rotating equipment, except for the sump pumps and any other
necessary equipment, would be permanently de-energized and the
lubricating oil removed. Large oil sumps and tanks would be
flushed to assure removal of most of the oil. Oil stored in
drums in the plants would be removed. The vertical shaft units
would be jacked and blocked since the jacking systems (if any)
would have to be drained of oil as would the governors. Grease
could be left in bearings, such as on the cranes, but any
automatic greasing systems would be disconnected, bulk grease
containers removed, and the lines purged where possible.

The head gates would be lowered. If there are no penstock and
scrollcase drains, the vertical unit butterfly valves would be
closed to within a few degrees of sealing and blocked into
position, and the wicket gates closed to below 5% and the gate
stops run in. This would allow headgate leakage to drain, but
would control an accidental headgate opening or failure. If
there are drains, the butterfly valve and wicket gates would be
closed and the drains opened.

At Elwha Dam, the head gates are operated by water cylinders with
pump assist. After the gates are down, the pump would be
disconnected and drained of oil. The water cylinders would be
valved off and valve handles removed, or the pipes to them
removed to prevent unauthorized raising of the head gates.
Access to the cylinder blockouts would be locked, although
welding the cylinder rods is also possible. Penstock fill gates
at Elwha would be closed and welded to prevent leakage. Some of
the head gates need repair and could need to be painted. All
gate cylinder operating pumps and piping of water would be
drained, and heat to the pump house would be discontinued. The
trashracks could be left in place.

The head gate at Glines Canyon Dam would be lowered and the power
disconnected. The wire rope would deteriorate from prolonged
immersion so probably could not be used to raise the gate safely
in the future. All oil would be drained as described for the
powerhouse. The trash rack structure would be drained of oil and
disconnected from power as described above.

All electrical equipment in the powerplants would be de-energized
and disconnected from the power source except the heating,



lighting, control and instrumentation equipment for the dam,
river and lake operations, and sump pumps. Existing substations
and transmission lines would also be de-energized and
disconnected from the power source. Oil in all electrical
equipment would be removed and disposed of to prevent a spill.
Any needed power would be obtained from the local utility. If
any portions of the equipment in the plants are to be preserved
for historic purposes, electric space heaters could be required,
along with the continued operation of the ventilation system for
moisture control.

At Elwha Dam, the nonpotable domestic water system would be left
in operation to supply the toilets and possibly the fire system.
Space heaters would be installed (or left in service) in the
Elwha Dam control room, as this is assumed to be the office area
for the maintenance crew of the decommissioned plant (the only
toilet facility in the area is in the powerhouse). The control
room is also where the remote gate control communications and
most instrumentation are located. Maintenance of the remote gate
controls is included under operation of the dam. At Glines
Canyon Dam, the nonpotable domestic water system to the crew
cabin provides fire protection to the plant and should be left in
operation. Both water systems could require periodic flushing.

Generally, inspections would be required to ensure proper
operations of the dams and related facilities and because of
liabilities. Both the Elwha and Glines Canyon powerhouses would
be routinely visited as part of the inspection of the respective
dam complexes. Daily visits might not be required, but they were
used as the basis for the cost estimates below. Items to be
inspected would include plant sump levels, signs of vandalism,
increased headgate leakage, operation of the night security
lighting, and any instrumentation that would have to be left in
service to monitor the pool or the river. The general physical
condition of the facility would be assessed periodically, perhaps
quarterly. The trashracks are inside the log boom so would not
need attention for debris accumulation.

The only frequent maintenance that would be required is adding
oil to sump pump bearings and testing the pump controls . An
annual inspection of the pump, motor, controls, and electrical
system would be done, requiring about one day annually for each
powerplant. Another day each would be allowed annually to
maintain the instrumentation. At Elwha Dam, the battery system
has been assumed to remain active since this is the power source
of last resort for the spillway gates. At Glines Canyon, no work
would be required on the access road under this option since it
can be allowed to deteriorate to a greater degree.

Annual maintenance would be required on equipment that is still
in operation such as sump pumps, gates, and control and
instrumentation equipment. Minor maintenance of the facilities
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such as care of grounds, minor painting, grass cutting, and
cleanup, would continue. Minor non-periodic maintenance would be
required on the facilities such as repair to roofs and repair of
sump pumps

.

It is assumed the overhead travelling cranes could be used during
the decommissioning work, even though they have not had the
required load tests. This is based on the further assumption
that the loads to be handled are small (500 pounds) compared to
the cranes' estimated capacity.

The gates and motors to operate spillway gates would have to be
maintained and repaired/replaced on an as needed basis.
Secondary items such as gate seals could go without replacement,
if the operation was short-term. Major maintenance such as
repair/replacement of gate motors would be contracted.

The reservoirs could be operated at one of two levels. One level
would be at the normal water surface elevation as operated in the
past. The spillway gates could be adjusted periodically to
control runoff and maintain this elevation. Some flow
augmentation would be possible during dry months. A second
operational level would be at the spillway crest elevation about
20 feet lower than the present operation. Under this scenario,
the spillway gates would be opened wide over a period of time, to
drain the reservoir down to the new level, and left wide open.
This would require less attendance as no gate adjustments would
be necessary. Flows would be uncontrolled (run-of-the-river

)

with no flow augmentation during dry months. The possibility of
atmospheric gas supersaturation resulting from the increased
spilling flow at Glines Canyon Dam and its effects on fish should
be evaluated.

C. Costs. Operation and maintenance (O&M) costs associated
with Option I would be expected to be similar to costs currently
incurred by the owner, and are expected to be between $1,200,000
and $1,400,000 annually. The energy produced at the facilities
under this option could be sold to defer costs during the interim
period. O&M costs associated with Option II would range from
$500,000 to $600,000 annually. Costs for decommissioning of the
powerplants, substations, and switchyards would be about
$500,000.

D. Conclusions. Due to the flexibility of present operations
(Option I), the condition of the powerplants, and the costs of
decommissioning, the facilities could be operated as they are
today. The powerplants are in good shape for facilities of this
age and should be capable of running for a period of 5 to 10
years with only minor maintenance once they are acquired by the
government. Operation by contract rather than by the government
appears desirable due to the short remaining life of the project
and the learning curve required to become familiar with the



existing equipment. Although there are operating procedures
available, it is not known how complete they are. Due to the age
of the equipment, there are certain to be operational and safety
related features that may or may not be documented. Contracting
the current plant owners for operation ensures that the staff
feels an "ownership" in the plant with the attendant continuity
in operation and maintenance.

If the decision is made to decommission, a detailed plan and cost
estimate is necessary. The plan should include the salvage of
the powerplant, switchyard, and transmission equipment which
could offset some of the decommissioning costs. Salvage
contracts would have to be awarded as soon as practical to
maximize the value of the salvaged equipment and to minimize
liability. The reduced liability associated with the immediate
removal of oil from the electrical and mechanical equipment must
be balanced against the equipment's lower salvage value due to
moisture and corrosion. Removal plans and salvage contracting
must take into account this tradeoff.
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APPENDIX F

DAM REMOVAL AND SEDIMENT MANAGEMENT

I . INTRODUCTION

The following discussion considers methods to remove the Elwha
and Glines Canyon dams and restore the river channel. All
courses of action presented share the following goals:

remove the dam structures and all power
generating equipment; and
remove, stabilize, or relocate material
trapped in the lake reservoirs since dam
construction.

A. DESCRIPTION OF THE GLINES CANYON HYDROELECTRIC PROJECT

The Glines Canyon Hydroelectric Project is located approximately
8.5 miles upriver from the Elwha Hydroelectric Project, near
river mile (RM) 13.5. Glines Canyon Dam was completed in 1926
and created Lake Mills, which inundated over 4 00 acres of land
along the river bank. The following are principal features of
the Glines Canyon Project:

a 415 acre, two mile long Lake Mills with 40,530
acre feet of storage at water surface at El. 590
mean sea level (msl); and
a 210 foot high, 270 foot long concrete arch
dam.

Most of the river's total trapped sediment is in Lake Mills,
approximately 11.1 million cubic yards (mcy). The lake's delta
region contains approximately 7.3 mcy of mostly sand and gravel
(hereafter referred to as coarse sediment). The lake itself
contains 3.8 mcy of silt and clay sized particles (hereafter
referred to as fine sediment).

Additional features of the Glines Canyon Project include the
spillway, penstock, powerhouse, and generating equipment. Figure
F-l shows a site plan of the dam and associated structures.
Major features of the dam structure include:

a west spillway section with five spillway
bays, each 2 feet wide by 2 feet high;
a concrete arch section 210 feet high and
about 150 feet in length along its crest;
a concrete thrust block;

an east bank concrete gravity wall 120 feet
in length; and
embankment sections on both abutments.

11



The 150 foot long crest of the arch is an ungated ogee spillway
at El. 590.33 msl. The gated spillway has its crest at El.
570.33 msl (Table F-l).

The water intake tunnel for power generation (the penstock) is
composed of the intake structure, intake gate, tunnel, surface
steel pipe, and surge tank. The intake structure for the power
tunnel houses the trashracks and trashrack handling equipment. A
12 foot diameter, gunite lined tunnel in rock extends about 200
feet downstream from the intake structure to a caterpillar intake
gate in the gate house located in the west abutment. Downstream
of the gate house an additional length of about 150 feet of
gunite lined tunnel connects to a riveted steel penstock. This
penstock is about 450 feet long and extends to the powerhouse.
The upper 225 feet of the penstock is located within a rock
tunnel. A 140 foot high, riveted steel surge tank is located
approximately 100 feet downstream from the tunnel outlet portal.

The powerhouse, located on the bank of the Elwha River, contains
one 13,333 KVA, 6.6 Kv generator connected to a 17,500
horsepower, 225 rpm Francis turbine. A hydraulic operated
butterfly valve is installed ahead of the turbine to serve as a
shutoff valve.

B. DESCRIPTION OF THE ELWHA HYDROELECTRIC PROJECT

The Elwha Hydroelectric Project, initially completed in 1914 at
approximately RM 4.9, created Lake Aldwell. The following are
principal features of the Elwha project:

2 mile long Lake Aldwell with approximately
8,000 acre feet of storage at water surface
El. 188 msl;

a concrete gravity dam, approximately 105
feet high and 4 50 feet long; and

dam facilities which include a south bank
spillway, the main dam monolith, a north bank
power intake, and a north bank spillway.

The reservoir contains approximately 2.6 mcy of trapped material,
1.5 mcy in the delta region and 1.4 mcy in the lake area. This
volume is lower than estimated volumes by the Federal Energy
Regulatory Commission (see FERC 1993).

Additional project features of Elwha Dam include spillways,
penstocks, powerhouse, and generating equipment. Figure F-2
shows a site plan of the dam and associated structures. Major
features of Elwha Dam structure include:

a north spillway section with four spillway bays,
each 13.75 feet wide;
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a concrete gravity intake section 131.5 feet in
length;
a gravity dam section about 112 feet in length
along its crest and 100 feet in height; and

the south spillway section with five spillway
bays, each 13.75 feet wide.

All spillway bays have been retrofitted with 19 foot high tainter
gates. The main dam is a composite section of concrete and
embankment fill. The concrete monolith section is supported at
its base by bedrock abutments about 4 feet wide. Beneath this
base, redeposited sand and gravel extend to the rock contact at a
depth of about 80 feet. Upstream of the concrete monolith, and
also resting on sand and gravel, is a massive fill of large rock
and various other heterogeneous gravel, earth materials, and
hydraulically placed fill and blanket materials.

The massive fill upstream of the concrete dam section became a
necessary part of reconstruction because of a structural failure
of the dam foundation during initial filling. The canyon walls
for a distance of 300 feet upstream of the dam provided large
quantities of rock which were blasted into the stream. This
rock, together with an asphaltic liner overlay, forms the flow
resisting barrier for Elwha Dam.

Surface penstocks connect the intakes in the center section of
the dam to the generating units in the powerhouse. Each penstock
is approximately 190 feet long, and penstocks nos . 1 and 2 are
9.5 feet in diameter. Penstocks nos. 3 and 4 are 11.5 feet in
diameter at the intake and join to form a single penstock section
of 15 feet in diameter. This single penstock connects with a
surge tank, 20 feet in diameter and 120 feet high. Two 8.5 foot
diameter outlets connect with the turbine scroll cases.

The original powerhouse is about 88 feet by 87 feet in plan and
contains two levels. The concrete surface structure houses two
generating units on the lower level. Transformer and switchgear
are on the upper level. The second powerhouse addition was built
adjacent to the original powerhouse and contains two units.
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TABLE F-l
SUMMARY OF PROJECT PRINCIPAL DATA

Project

Glines Elwha

Basin Hydrology

Average Annual Runoff at Dam Site

Mean Annual Flood (cfs)

Five-year Construction Flood (cfs)

1,370 1,760

12,000 18,000

19,000 25,00

Reservoir

Normal Maximum Reservoir Elevation (msl)

Maximum Pool without Overtopping

Surface Area (acres)

Storage Capacity (acre-feet)

590.33 195.5

600.33 200.0

415 267

40,530 8,100

Dam

Earth Embankment

Crest Elevation (msl)

Crest Length (feet)

Maximum Height above Foundation (feet)

Estimated Volume (cy)

Concrete Gravity

Crest Elevation (msl)

Crest Length (feet)

Original Streambed Elevation at Dam Site

Maximum Height above Foundation (feet)

Estimated Volume (cy)

Concrete Arch

Crest Elevation (msl)

Crest Length (feet)

Original Streambed Elevation at Dam Site

Maximum Height above Foundation (feet)

Estimated Volume (cy)

612.33 180

175 N/A

80 85

5,500 80,000

600.33 198.0

120 112

N/A 95

30 107.5

2,100 12,800

590.33

150

395

210

15,800
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Project

Glines Elwha

Spillway

Left Bank Spillway (West) (North)

TYPE: Gated Overflow, Concrete Crest

Bridge Deck Elevation (msl)

Bridge Deck Length (feet)

Width of Each Spillway (feet)

Tainter Gate Height (feet)

Number of Spillway Bays

Spillway Crest Elevation (msl)

Capacity at Maximum Pool (cfs)

Estimated Concrete Volume (cy)

Right Bank Spillway

TYPE: Gated Overflow, Concrete Crest

Bridge Deck Elevation (msl)

Bridge Deck Length (feet)

Width of Each Spillway (feet)

Tainter Gate Height (feet)

Number of Spillway Bays

Spillway Crest Elevation (msl)

Capacity at Maximum Pool (cfs)

Estimated Concrete Volume (cy)

Penstock

Invert Elevation of Control Sill (msl)

Hydraulic Capacity When Generating at

Normal Maximum Pool (cfs)

Hydraulic Capacity with Fixed-cone 5,000 N/A

Valve Addition at Normal Maximum

Pool (cfs)

600.3 205.0

120 82.3

20.01 13.75

20.0 15.0

5 4

570.33 177.7

63,000 18,700

2,500 2,900

(South)

205.0

90.9

13.75

15.0

5

177.7

23,300

1,550

503.33 173.0

1,100 2,000
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Project

Glines Elwha

Powerhouse

Normal Tailwater Elevation (msl) 395 93

Estimated Concrete Volume (cy) 1,600 7,000

Transmission Line

TYPE:

Voltage (kV) 69 69

Length (miles) 7 7

C. ELEVATION DATUM

Different vertical datums were used for the original construction
of the Glines Canyon and Elwha projects. Elwha project
construction was initiated in 1913 and Glines Canyon project
construction began in 1926. Each project established its own
vertical control datum at the time of construction, and the
datums are not consistent with each other.

Elevations for the Elwha Project, recorded on as-built and report
drawings, are 8 feet lower than the National Geodetic Vertical
Datum (NGVD) of 1929. Conversely, Glines Canyon Project as-built
and report drawings have an established project datum that is
19.67 feet higher than the NGVD datum. Recent soundings of Lake
Mills and reaches of the Elwha River have used the NGVD datum.

In addition to the datums' inconsistency with each other, neither
is mean sea level. This use of multiple, nonstandard datums has
caused considerable confusion. For clarity, this report relates
all project feature elevations to the NGVD datum, which is
referred to as mean sea level (msl). References made to project
datum elevations will be noted.

II. RIVER RESTORATION ISSUES

The common goals of restoration considered for all investigations
were the complete removal of the dam structures (termed Dam
Removal in this report) and removal, stabilization, or relocation
of material (termed Sediment Management in this report) that has
accumulated in the reservoirs since dam construction. Each
approach to the goals of dam removal and sediment management
required an investigation of the following major issues:
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Dam Removal
• creation of a path to divert the river during

demolition activities, to remove water pressure from
the dam;

removal of concrete debris and earthen structures
that block the path of the river;

Sediment Management
• creation of a channel for river flow through portions

of the lakebed areas where large quantities of
material have been deposited; and
removal, stabilization, or relocation of material
trapped in the lakebed areas since dam construction.

Effects on downriver water users were a major consideration in
development of feasible approaches. Continued water use by all
current users during and after the construction process was
assumed. Not all approaches discussed below provide acceptable
water to all users during the construction process. If water
quality were degraded by the construction process, mitigation
measures (see Section VI(E)) would be necessary. Several
generalized approaches are presented for both dam removal and
sediment management. Other sections discuss issues relating to
requirements of downriver water users and revegetation.

III. DAM REMOVAL AND RIVER DIVERSION ALTERNATIVES

Four approaches to dam removal and river diversion were
investigated (Darn Removal) . Each was developed into a plan that
would allow control of reservoir levels during the sediment
management process:

• tunnel diversion around the dams (Plan I);

surface channel diversion (Plan 2);

low level, through-the-dam diversion (Plan 3); and
• top-down, notch-in-dam diversion (Plan 4).

The four plans were developed to the feasibility level and each
is briefly discussed, with its associated cost estimate for
comparison.

A. DAM REMOVAL DESIGN CRITERIA

Because of the absence of new structures in a demolition project,
its design criteria are limited. Nonetheless, design criteria
are important especially as they relate to worker safety and
predictability of the dismantling process. Both Glines Canyon
and Elwha dams are classified by the Federal Energy Regulatory
Commission (FERC) with a high hazard potential. Design criteria
used for these investigations include the (1) capability to
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divert river water during construction and (2) promotion of dam
structural stability during overtopping in a flood event. All
options investigated meet both criteria.

As part of a FERC safety inspection, Elwha Dam was previously
evaluated for passage of a probable maximum flood and was
determined to be stable. Demolition of Elwha Dam under Plan 2
(diversion channel through the north abutment spillway) would
occur only when the reservoir has been lowered to river level.
Consequently, demolition and removal of concrete rubble would
occur during low risk conditions. In addition, concrete would be
removed from the top down, and disruption to the work area would
occur only during floods greater than a 1-in-l 0-year event.

Diversion plans using diversion tunnels are low risk approaches
to dam removal because the reservoir would be lowered to river
level before the dams are dismantled. Also, the concrete
structures would be removed from the top down so that, should
there be a flood greater than the capacity of the diversion
tunnels, the structure would be sound during overtopping.

To ensure worker safety during a flooding event, an early warning
detection system could be installed in the basin. A stream gauge
in the upper basin with a telemetering system to the work area
would be designed to provide several hours warning of an
impending increase in flood flows. This system would allow
workers and equipment to be evacuated from areas subject to flood
hazard. Flood criteria for design of river diversion systems at
both dams are discussed in the following section of this report.
The Washington Department of Ecology, Office of Dam Safety, and
the Army Corps of Engineers will be further consulted on safety
issues during the advanced planning stage.

B. RIVER DIVERSION DESIGN CRITERIA

The demolition plan must be able to pass a flood that might be
expected during the process and it must not compromise worker
safety or the dam's structural integrity. Ideally, any diversion
option would be able to divert the peak flow anticipated to occur
during the period of operation. However, the construction cost
necessary to provide a diversion large enough to pass the maximum
flow anticipated during the demolition process would be
significantly greater than providing for diversion of a reduced
flow that would occur only 10% of the time.

Average daily flows at the McDonald gauge station were computed
to be approximately 1,500 cfs. Average daily flows exceeding
5,000 cfs would be exceeded only for short periods of time during
the construction process, approximately 10% of the time. Based
on these considerations a criteria of 5,000 cfs was chosen as the
design criteria for diversion flow. Passage of larger flows can
be accomplished by storage or by ensuring that flood waters
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overtop the intact dam and that partially demolished dam sections
be structurally stable if overtopped.

For a construction period of one year duration, it is normal
practice to provide for safe passage of a five- or ten-year
frequency flood event. According to R.W Beck's "Periodic Safety
Inspection Report, Elwha Hydroelectric Project" (October 1968),
the five-year flood instantaneous peak at Elwha Dam is estimated
to be 25,000 cfs. The five-year flood instantaneous peak at
Glines Canyon Dam, according to Beck's "Periodic Safety
Inspection Report, Glines Canyon Hydroelectric Project"
(February 1967), is estimated to be 19,000 cfs. The five-year
peak flood estimate is based upon recorded discharges at McDonald
Bridge as adjusted for area and elevation to reflect flows at
either dam in accordance with data contained in USGS Water Supply
Paper No. 1687. Fifty-one years of recorded flows were used in
the analysis (1898 to 1902, and 1920 to 1965).

Provisions to pass 25,000 cfs through diversion works at Elwha
Dam and 19,000 cfs through diversion facilities at Glines Canyon
Dam are considered to be unnecessarily costly. A more
appropriate requirement to determine diversion outlet capacity is
to allow capacity exceedance for a few days per year, providing
this can be done without risk to worker safety or to the dam's
structural integrity. Demolition work could be suspended during
flooding events and resumed when lower flows return. In any
case, a demolition plan must be able to safely pass the five-year
flood without compromising worker safety or the structural
integrity of the dam.

Safe flood passage invariably means that either the existing
spillways must remain intact during the season when floods of a
five-year magnitude can occur or that lowered dam sections would
be structurally stable if overtopped. Dam demolition work likely
would be scheduled from June through October to avoid periods of
high flow risk. A review of gaging station flow records at the
McDonald Bridge indicates that 5,000 cfs is an appropriate design
capacity for diversion works at either dam. This is because
flows greater than 5,000 cfs would likely occur only for a few
days during the construction period, and they can be safely
discharged even though overtopping may occur. Following is a
summary of the principal features of the Glines Canyon and Elwha
projects.

1. PLAN 1 - DIVERSION TUNNEL: For this plan, diversion tunnels
would be used in the dam demolition process. The tunnels would
divert the river from the dam demolition site to allow
construction activities to be conducted under dry conditions.
The primary advantage to tunnel construction would be that it
offers control of reservoir levels. The primary disadvantage
would be higher cost. Diversion tunnel options were investigated
and would be feasible at both dam sites. However, the specific
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geology of these sites has not been investigated and assumptions
were made in the assessment of feasibility.

Glines Canyon Dam. Construction of a diversion tunnel through
either abutment is feasible. However, for this alternative, the
diversion tunnel is assumed to be constructed in the west
abutment. The tunnel inlet would be located near the existing
power tunnel intake and would exit about 100 feet downstream of
the powerhouse on the Elwha River. A cofferdam constructed just
upstream of the outlet would permit construction of a haul road
to the base of the dam. This road would provide access for
construction equipment during demolition of the concrete arch
structure. Figure F-3 shows the site plan and profile of the
diversion tunnel arrangement.

The diversion tunnel would be approximately 800 feet long and
would have a concrete lined inside diameter of 13 feet. The
principal elements of the diversion tunnel are the lake tap, gate
shaft with bonnetted gate, the tunnel itself, and energy
dissipating structure. The lake tap would provide for a surface
level inlet to help minimize turbidity of diverted flows. The
bonnetted roller gate, measuring 13.6 feet high by 9.7 feet wide,
would provide for control of discharges up to 5,000 cfs. The
energy dissipation structure would prevent outlet discharges from
scouring the river bank. If allowed to occur, this scouring
would increase the turbidity of river flows.

The tunnel would require extreme care during construction because
it would be constructed with the reservoir nearly full.
Sufficient rock cover would be required as the tunnel is
excavated toward the lake to prevent rupture and uncontrolled
diversion. For this study, the overburden is assumed to be
competent rock. After tunnel construction is complete, with the
bonnetted gate installed and the energy dissipator constructed,
the lake tap construction would commence. A shaft would first be
excavated directly above the tunnel end. Because the shaft would
be excavated in water, first an 18 foot diameter caisson would be
sunk at the shaft location. A 2 foot diameter pilot hole would
be drilled at the shaft centerline and a 16 foot diameter shaft
would be excavated within the caisson, using the raise-bore
technique.

With the completed diversion tunnel, river flow and reservoir
drawdown discharges bypass the construction work area. As the
reservoir is drawn down gradually, controlled blasting and
removal would be required of the rock wedge that separates the
lake from the shaft. Care must be taken when removing the rock
wedge not to plug the tunnel with large quantities of material.
Controlled blasting and removal of the rock wedge would be
undertaken in 10-foot stages. The rate of removal of the wedge
would progress similarly to the rate the reservoir is drawn down,
so as to selectively withdraw water from the surface where
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turbidity is less than expected deeper in the pool.

Elwha Dam. Figure F-4 shows the site plan and profile of the
diversion tunnel arrangement. The first stage of construction
would use the north spillway to regulate river flows and control
the reservoir pool level between normal maximum pool El. 195 msl
and El. 180. During this stage, dredging and mechanical removal
operations would proceed in the upper reservoir area. Tunnel
construction and powerhouse and penstock structural demolition
and removal would occur at the dam. When the diversion tunnel
has been completed, the diversion tunnel would be used to control
reservoir elevations below El. 180 to streambed (approximately
El. 105).

Construction of a diversion tunnel on either abutment is
considered feasible. For this plan, the diversion tunnel would
be constructed in the south abutment because access for
excavating the tunnel is more practical from the south side.
Additionally, the south side abutment area appears to be more
desirable for excavating the intake portal (lake tap) in rock.
The tunnel inlet would be located upstream of the fill material
behind the concrete gravity structure. It would exit a point
about 250 feet downstream of the dam. An additional 220 foot pipe
extension would convey the water beyond the downstream cofferdam.

The diversion tunnel would be approximately 900 feet long and
would have a concrete lined inside diameter of 13 feet. The
principal elements of the diversion tunnel are the lake tap, gate
shaft with bonnetted gate, the tunnel itself, and energy
dissipating structure. The lake tap would provide for a surface
level inlet to help minimize turbidity of the bypass flows. The
bonnetted roller gate, which measures 13.6 feet high by 9.7 feet
wide, would provide for control of discharges up to 5,000 cfs.
The energy dissipation structure would prevent outlet discharges
from scouring the river bank, which would increase the turbidity
of river flows.

2. PLAN 2 - SURFACE DIVERSION CHANNEL: Both the surface
diversion and the notched approach investigate methods of
lowering reservoir levels so that portions of the dam above these
levels can be demolished in the dry. Water pressure on the back
of the dam would remain as the dam is removed from the top.
Because the loads on a dam will reduce more rapidly as its
reservoir level is lowered, than will the dam's ability to resist
the loads, this approach was considered feasible.

The major advantage to this approach would be the potential for
reduced construction cost when compared to the tunnel approach.
A disadvantage would be that the ability to raise reservoir
levels, if desired, would be lost after demolition began.
Raising and lowering reservoir levels would only be an advantage
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in sediment management scenarios using the Erosion approach.
Other sediment management approaches do not benefit from the
ability to raise and lower the reservoir.

Glines Canyon Dam. Creation of a river surface diversion at
Glines Canyon Dam was investigated for use in conjunction with
the existing power tunnel. However, difficulty with construction
staging and cost make this approach unfeasible.

The proposed channel would extend for about 9,000 feet on the
west bank along the 54 elevation contour. It would connect the
river in the upper reservoir to the existing power tunnel. A
cofferdam would divert river flow into the channel. The
remaining reservoir area could then be lowered slowly through the
existing outlet to El. 450 msl. Below this elevation, water
would be allowed to discharge over the dam in ungated notches of
nominal depth (say two-feet deep). An advantage of this
diversion alternative is that the finer sediments in the
reservoir could be dredged without affecting the turbidity of the
flow passing downstream.

A disadvantage of this alternative is that the channel, with
invert elevation of about El. 540, could be constructed only
after the reservoir is lowered to about El. 535. First stage
diversion through the existing power tunnel would be utilized to
lower the reservoir pool. Work on the reservoir dredging would
be deferred for several months until the completion of the
diversion channel. Also, construction of the portion of the
channel that connects with the power tunnel headworks would
require that the tunnel be taken temporarily out of service.
Consequently, a new low level outlet of sufficient capacity would
be required temporarily to lower the reservoir sufficiently to
permit completion of the channel diversion facilities. Finally,
when the diversion channel is completed and ready for operation,
the river would be diverted back into the channel and thence
through the existing power conduit.

Reference to a Bureau of Reclamation reconnaissance-cost curve
for channel excavation indicates the diversion channel would
probably cost between $40 million and $90 million. The actual
cost would depend upon diversion capacity and the extent of rock
excavation. The lower cost reflects 3,000 cfs diversion capacity
with common excavation conditions. The higher cost reflects
5,000 cfs diversion capacity with 20% rock excavation. Both
costs assume the channel would be unlined, which is appropriate
for temporary diversion facilities.

Because the work areas on both the downstream and upstream sides
of the dam would be in the dry, conventional drill and blast
techniques could be employed in the demolition of the dam.
Therefore, some reduction in dam demolition cost would result.
The reduction, however, would not be sufficient to offset the
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much higher river diversion costs as compared to the notch plan
and the enlarged low level outlet plan.

Elwha Dam. Diversion of the Elwha River via a channel excavated
through the north abutment is considered technically feasible.
However, due to limited data, the plan for the present study is
based on broad assumptions with respect to area topography,
reservoir configuration, and geologic site conditions. Improved
definition of these factors through field surveys and
geotechnical investigations is necessary. These investigations
would provide the basis to more accurately define and quantify
the bid items for construction, thereby improving cost estimates.

This plan for diversion incorporates three stages as shown in
Figures F-5 through F-9. The first stage would use the existing
powerplants and, if necessary, the south spillway. The second
stage would divert through a channel in the north abutment
spillway. The third stage of diversion would restore river flow
through the natural river channel.

a. First Stage Diversion. The purpose of first stage diversion
is to lower the reservoir about 14 feet below normal pool to
permit construction of second stage diversion facilities. During
first stage diversion, water would pass through the powerplants
and the south spillway. Figure F-5 illustrates the initial step.
Flow rate and reservoir level would be controlled through the
operation of the powerplant and five spillway gates. No
structural modifications are necessary. The powerplants have a
hydraulic capacity of 2,000 cfs. The intake sill is at El. 173.
The south spillway section is 90.9 feet long and extends from the
main dam section to the south abutment. The spillway contains
five bays, each 13.75 feet wide, and each concrete sill is at
El. 177.7 msl (equivalent to project datum El. 169.7).

At pool El. 200 msl (project datum El. 192), two feet above the
dam crest, the south spillway will pass the estimated five-year
flood event of approximately 25,000 cfs. About 5,000 cfs can
pass through the south spillway at pool El. 185 msl.

When the reservoir has been lowered to about El. 185, the
cofferdam as shown in Figure F-6 would be constructed, with its
crest at El. 186. At this pool elevation, water would pass only
through the south spillway. The cofferdam, located about 300
feet from the north spillway, would extend from the north bank of
the reservoir for approximately 150 feet, then wrap around into
the reservoir rock outcrop as shown in Figure F-6. From
topographic soundings of the reservoir, the rock outcrop appears
to be as high as El. 190, or about five feet below normal maximum
pool level. An additional closure cofferdam would dike off flows
around the inside of the existing intake. The cofferdam would be
a rockfill structure with a 15 foot wide crest and sideslopes of
1.5:1 and approximately 150 feet long. Approximately 5,3 00 cubic
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yards of fill must be quarried and placed for this cofferdam
design. A single line of sheet pile through the centerline of
the crest driven to El. 12 8 would provide seepage control if it
can be installed. Otherwise, a more appropriate cut off would
use upstream face sand filtering material and geomembrane.
Reinforced matting would be installed at the downstream toe
section to control its erosion. The cofferdam would provide one
foot of freeboard at a discharge of 5,000 cfs.

With reservoir inflow passing through the south spillway, the
first stage diversion would permit dismantling the north spillway
gates, demolition and removal of the north spillway concrete
crest structure down to rock, and excavation of much of the
diversion channel. Figure F-6 illustrates this second step.

b. Second Stage Diversion. In this stage, water flows through
the channel on the left abutment. Second stage diversion
features will permit progressive lowering of Lake Aldwell to
about El. 135. During this phase the following work activities
would be performed:

• demolition and removal of the main concrete gravity
section, the hydraulic fill embankment behind the
concrete section, the adjoining south spillway and
the intake monolith sections;
demolition and removal of the penstock and
powerplants; and
restoration of the Elwha gorge in the dam area.

These activities would all be performed in relatively dry
conditions. The diverted river would be directed into the newly
excavated channel passing through the north abutment and would
bypass about 1,000 feet of streambed to the south. A second
cofferdam would be constructed in the river channel immediately
downstream of the powerplant tailrace. This cofferdam would
prevent diversion backwater from entering the work area in the
river reach immediately downstream of the main dam monolith
section.

As noted above, the diversion channel would have been constructed
during first stage diversion, except for the removal of the
cofferdam and its underlying rock plug, both located near the
entrance to the newly constructed channel. Incremental removal
of the cofferdam would permit the reservoir pool level to be
lowered gradually with the overflow portion of the cofferdam
functioning as a hydraulic control. The cofferdam would be
dismantled from the top down and performed by draglines . The
height of each lift to be removed from the top would depend on
the pool level requirements of the dredging operation for
sediment management in the upper reservoir delta. Should the
reservoir level need to be raised, heavy rock fill could be
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placed back on top of the cofferdam to increase its effective
crest elevation. Figure F-7 shows a portion of the cofferdam
removed with pool level at El. 170 msl.

After the cofferdam has been removed, the rock plug would be
notched in stages to allow further lowering of the reservoir.
The rock plug would be shot first on the north side of the
channel. Then, its removal with drag lines from either shore
would form a notch through the rock plug. This procedure would
continue to alternate channel sides at a rate consistent with the
reservoir delta dredging operation. Finally, when the reservoir
has dropped from El. 182 to about El. 140 msl, a second reservoir
cofferdam would be constructed to cut off flow through the main
dam, as described below. Reservoir outflow would continue to be
conveyed through the diversion channel described above. With
flow cut off, the upstream dam embankment could be removed with
only minimal amounts of seepage.

The second stage cofferdam would consist of a single line of
sheet piles driven into the riverbed in the upstream end of the
existing embankment section where shown in Figure F-8. The
distance of the cofferdam sheet piles from the main dam would be
about 4 00 feet. Once in place, demolition and removal of the
main dam concrete section would commence. Construction access to
dispose of concrete and other materials would be a new south
abutment haul road located near the downstream toe of the dam.
Following demolition and excavation activities for the main dam
section, the original river channel would be restored and the
banks revegetated.

c. Third Stage Diversion. Third stage diversion would include
removal of the remaining cofferdams. The river would be returned
to its natural channel. Figure F-9 illustrates the restored
channel at the dam site.

3. PLAN 3 - LOW LEVEL DIVERSION THROUGH DAM STRUCTURE: A "low
level" outlet was investigated as an option to diverting the
river as a means of lowering the reservoirs. The low level
concept would allow water to pass through the dams near the
bottom of the structure, rather than allow it to pass over or
around them. Glines Canyon Dam was constructed with a small
outlet containing a valve near the bottom of the structure. This
valve has most likely never been used. Due to the nature of dam
construction, a low level outlet through the structure is
feasible only at Glines Canyon Dam. Earth fill behind the
concrete structure at Elwha Dam precludes this approach.

Plan 3 is comprised of three diversion stages, with the low level
outlet as the primary diversion stage. Stage 1 would use the
existing powerhouse to regulate flow until the low level outlet
enlargement was completed. The west spillway could also be used,
but the spray from its discharge would interfere with low level
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outlet construction. The low level outlet would permit lowering
of the reservoir to about El. 460. The final stage of diversion,
which would permit lowering of Lake Mills to streambed, uses
gated notches in a progressive stepped approach. This third
stage diversion approach is described in detail under Plan 4.

Diversion is feasible through an enlarged low level outlet that
would be aligned with the existing low level outlet. The
existing 5 foot diameter opening would be enlarged to 13 feet for
installation of a 10 foot diameter conduit through the dam. A
117 inch diameter, fixed-cone valve would permit discharges
through the low level outlet of about 5,200 cfs at pool El. 590
msl and about 1,400 cfs at pool El. 460 msl. Figure F-10 shows a
sectional view of the enlarged low level outlet arrangement.
Figure F-ll presents a discharge rating curve through the 117
inch fixed-cone valve.

The existing outlet is at about El. 450 msl. Although it is 60
feet above the riverbed (El. 390), it is considered impractical
to locate the new outlet significantly lower in the dam. This is
because the sediment level on the upstream face is near the
invert of the existing outlet, and placing a gate structure below
the sediment level would be too difficult.

Construction of an enlarged hole through the dam would alter
stress concentrations in the structure. A finite element method
(FEM) analysis was conducted to examine the state of altered in
situ stresses of the dam. The results indicate that a 10 foot
diameter conduit constructed through the arch dam would not
overstress the concrete or cause a rupture of the structure.
Details of the FEM analysis are presented below.

a. Finite Element Model (FEM) Analysis. The objective of the
FEM analysis is to determine the effect of an enlarged hole on
the distribution of stresses within the dam. The analysis was
performed for a hole 13 feet in diameter, rather than the final
diameter of 10 feet, as required hydraulically . Previously, as
reported in Harza Engineering Company's "Sixth FERC Inspection
and Safety Report" (February 1992), a finite element model was
developed to analyze the effects of earthquakes on the dam. The
material properties assumed in the previous FEM analysis are
based on the average compression tests of 20 core samples and
have been adopted for use in this report. These are as follows:

Concrete

Compressive Strength 5,984 psi
Tensile Strength 760 psi
Unit Weight 150 pcf
Modulus of Elasticity 3.1 x 10 6 psi

The foundation modulus of elasticity in the previous study was
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assumed to be equal to the concrete modulus. However, based on
the geotechnical discussion in Reference 3 and the universal
presence of joints in the foundation rock, the modulus of the
foundation rock for the FEM analysis was assumed to be two-thirds
of the concrete modulus. The tensile strength of the concrete is
estimated to be 7 60 psi and is derived from the measured average
compressive strength, using Raphael's procedure described in
Reference 6

.

For the purpose of this analysis, the water loading assumption
was that the reservoir would be at spillway crest El. 570. This
scenario assumes that demolition of the dam would not commence
until after the new outlet is constructed. Once demolition
begins, the crest would be rapidly lowered to about El. 515 msl.

Concrete temperature loadings were based on estimates of Harza's
"Sixth FERC Inspection and Safety Report". These assumptions are
conservative because construction activities and a lowered
reservoir would reduce the linear temperature loading. With
water removed from the upstream face, concrete temperature on the
upstream face would be about the same as the temperature of the
downstream face. Therefore, thermal loading would be less than
estimated in the Harza Safety Report.

The Harza study used 51 solid elements to model the dam for
dynamic effects. Because the Beck study focuses on static stress
concentrations, 880 solid elements were used. Figure F-12 shows
a view of the model from the downstream side. Foundation
elements are shown in a darker shade. Figure F-13 shows
constraints applied to the foundation element nodes. Figure F-14
shows hydrostatic loading up to El. 57 msl applied to the
upstream face.

The first step in performing the FEM analysis was to determine
the magnitude and direction of structural deflections.
Calculated downstream deflections are shown in Figure F-15,
measured in feet. The deflections shown are less than those
estimated in the FERC safety inspection report, but are
consistent with the lower reservoir pool elevation used in the
Beck study.

The maximum principal stresses occur on the downstream face of
the dam. Stress contours are shown in Figure F-16, which
identify areas of tension, the principal concern for arch dams.
The contours shown are measured in kips per square foot (1 ksf =
6.94 psi). The highest tensile stresses are found in the area
around the opening. The maximum tensile value of principal
stress is 33 8 psi. The region where tensile stresses are between
177 psi and 338 psi is small. Also, stress contours are shown in
the cross sectional view in Figure F-17.

b. Calculated Stresses and Factor of Safety. Calculated
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regional principal tensile stresses of 338 psi around the opening
of the outlet conduit are acceptable because the model shows they
would occur in a relatively small region. Comparing the
calculated maximum regional stress (338 psi) in the concrete to
the calculated maximum tensile strength of the concrete (760
psi), the factor of safety is estimated to be 2.2. If the effect
of maximum temperature differences are added to the stresses in
the concrete (using results from the FERC safety inspection
study), then the safety factor is reduced to about 1.5. This
factor of safety is considered adequate since this is a
construction condition and inclusion of the effects of maximum
temperature differences is conservative.

The results of the FEM analysis demonstrate that construction of
a 10 foot diameter outlet through the existing outlet at El.
450 msl in Glines Canyon Dam is technically feasible, based on
the reported strength of concrete in the dam.

c. Method of Removal. As noted, the power tunnel and the west
spillway would be used during first stage diversion until the low
level outlet modification is complete. The low level outlet
would permit lowering of Lake Mills to El. 4 60. As the reservoir
is lowered by either the power tunnel or low level outlet, the
concrete from the arch structure would be removed from the top
down, by workers and equipment on barges. An alternate
demolition procedure might use a boom crane from one abutment.
The rubble would be disposed in the upper reservoir via a haul
road. Below El. 460 msl the reservoir would be lowered via
diversion notches, described in detail under Plan 4.

The location of the new outlet through the arch dam assumes that
sediment has accumulated at the upstream face to approximately
the invert (El. 448 msl) of the existing low level outlet, which
functions as a sluiceway. Existing mapping of the reservoir
bottom seems to substantiate that sediment deposits are near the
outlet invert. The new enlarged outlet anticipates a 117 inch
diameter fixed-cone valve which would replace the existing 5 foot
butterfly valve. A bulkhead would be installed by divers
initially on the upstream dam face. Because the bulkhead cannot
be installed below the top of the sediment, the enlarged hole
would be located slightly above the sediment bed.

A 13 foot diameter hole would be cut with a closely spaced ring
of 6 inch diameter holes drilled around the circumference of the
outlet hole. A 10 foot diameter steel pipe would be grouted into
place through the hole. The resulting low level outlet conduit
would permit regulation to achieve the desired discharge from the
reservoir, based on the degree of gate opening. Should reservoir
inflows occur that are greater than the outlet capacity of the
fixed-cone valve, the reservoir level would rise. However, the
dam would remain stable even with water at the dam crest.
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One drawback of the low level outlet is that the new opening at
El. 450 msl is about 60 feet above the riverbed. Consequently,
this alternative would require a third stage diversion that
incorporates notches through the dam for the final draining of
the reservoir. A description of the notch diversion scheme as a
separate alternative is provided in the following section for
Plan 4. In conjunction with the low level outlet plan described
above, the notch diversion scheme would be used only below the
elevation of the new outlet.

4. PLAN 4 - NOTCH THROUGH DAM, TOP DOWN REMOVAL: The "notch"
approach was investigated as an alternate to the low level or
diversion concept. This approach allows water to pass through a
gated notch in the dam structure, which would lower the reservoir
level. After lowering, portions of the structure above the
reservoir water level would be demolished and removed. The major
advantage to this approach would be a potential cost savings when
compared to the tunnel diversion approach. Plan 4 is feasible
only at the Glines Canyon Dam. Earth fill behind the concrete
structure at the Elwha Dam precludes notching through the
structure.

Plan 4 is composed of four diversion stages. A series of notches
through the concrete arch is the primary diversion stage. Stage
1 would use the existing west spillway to regulate flow through
its gated spillway until the power tunnel has been appropriately
modified. The spillway would permit lowering of Lake Mills to
about El. 575. Flow through the power tunnel would permit
lowering to about El. 515. Below El. 515 to streambed, diversion
notches under stage 3 would be used. Finally with the river
stored to its channel, the remaining concrete in the arch
structure at the river level would be removed as appropriate.

Diversion of the Elwha River through notches in the arch dam is
technically feasible. A stability analysis was performed of the
dam structure. A 25,000 cfs flood was assumed to flow through a
17 foot wide by 25 foot deep notch, with 15 feet of surcharge
over the dam crest. For this analysis, flow through the power
tunnel was ignored and the structure was viewed as two
components . The first component is the portion of the structure
below the sill level of the notch and the other is above the sill
level. The concrete structure below the notch was assumed to
retain its arch action against the loading induced by the
reservoir, so was not analyzed further. The portion of the
structure into which the notch is cut loses its arch support so
was analyzed in more detail. Glines Canyon Dam contains a
significant amount of reinforcing steel which is placed
vertically, diagonally, and in both horizontal directions. The
steel will tie the two portions together after cutting notches.
Nevertheless, the notched portion of the structure was analyzed
conservatively for structural stability, assuming that it is a
non-reinforced concrete member.

29



Analysis shows that in the worst case loading scenario, the
structure will not fail from hydrostatic loading, nor from the
pressure induced by the flowing water. Over an extended period
of over-topping, however, significant quantities of concrete near
the corners of the portion above the notch will be worn away or
break off due to the high-velocity turbulent flows. As a result,
there is a risk of failure due to chunks of concrete breaking out
of the corner on which the slide gate is mounted. This risk of
erosion would be minimized, and possibly even eliminated, by
epoxy grouting and by the relatively large amount of reinforcing
steel which laces throughout the dam section. The four stage
diversion process under Plan 4 is described in more detail below.

a. Stage 1. The existing spillway gates would be used to lower
the reservoir by about 15 feet or until the power tunnel has been
modified for higher discharges. No structural improvements to
the spillway are necessary. As noted, the spillway contains five
gated spillways each 2 feet wide by 20 feet high. The crest
elevation of the ogee control sill is El. 560.33 msl.

b. Stage 2. The power tunnel would be used during second stage
diversion to lower Lake Mills to pool El. 515 msl. Figure F-18
shows the sectional view of the existing power tunnel headworks

.

The hydraulic capacity of the tunnel could be increased to about
5,100 cfs, or the approximate equivalent to the low level outlet
capacity under Plan 3, This increase requires removal of the
turbine runner and wicket gates, modification of the water
passageway through the scroll case to an 11 foot diameter
conduit, and installation of a fixed-cone valve for free
discharge. Figure F-19 illustrates the proposed modifications to
the powerhouse water passage to install the fixed-cone valve.
Figure F-20 shows the discharge rating curve.

A less costly approach would be to only remove the turbine runner
and control flows with the existing wicket gates and allow the
discharge to continue through the draft tube. However, by this
method the hydraulic capacity of the tunnel would be increased to
only approximately 2,700 cfs. With additional, fairly minor,
modification work to the turbine scroll case and draft tube, the
capacity of the power tunnel would increase to about 2,900 cfs at
pool El. 590 msl. A discharge rating curve of each variation is
shown in Figure F-21.

During demolition of diversion stages 1 and 2, the arch dam from
El. 590.3 to El. 540 would be removed in sections from barges, as
further described in Section 4 below. At El. 540, the crest
length of the concrete arch structure is reduced from 150 feet to
about 120 feet. About 70 feet of the crest would be stepped down
by 12.5-feet increments to El. 52 7.5. The remaining crest length
of 50 feet would be at El. 54 and is vertically aligned with the
location of the initial notch of stage 3 diversion.

30



c. Stage 3. The third stage diversion would commence once Lake
Mills is lowered to pool El. 515 msl (equivalent is project datum
El. 535). The crest elevation of the concrete arch would be
lowered to two levels at El. 540 and El. 527.5, as described in
stage 2. Before the initial notch can be made within the El. 540
block, a bulkhead would be installed to create dry conditions for
removal of the concrete in the area to be notched. Figure F-22
shows the concept of the bulkhead design. The notch would be 17
feet wide by 50 feet deep and approximately 2 feet thick. Its
sill elevation would be 4 90 ft. msl. Of the 50 foot depth, about
25 feet would extend below reservoir pool level. The upper 12.5
feet of dam remaining adjacent to the notch on each side provides
a structural face from which to fully raise the gate to the open
position.

After pumping out the water, closely spaced holes drilled into
the concrete would be charged and shot to demolish the concrete
within the area confined by the bulkhead. Then a backhoe would
be used to remove the concrete. The rough surface of the notched
area could be lined with shotcrete to create a hydraulically
smooth surface. The bulkhead mounted on the upstream dam face
would permit installation of gate guides, seals and seat for the
slide type gate. A hydraulic cylinder operating system would
also be installed. Figure F-23 shows the detail of the slide
gate design.

Once the gate is installed, the bulkhead can be safely removed.
Then the diversion system would become operational for controlled
lowering of the reservoir by about 10 to 2 feet, or to
approximately El. 515 to El. 500, depending on reservoir inflow.
The notch could be sized to pass up to 9,000 cfs without
overtopping the crest El. 527.5. However, inflow into Lake Mills
is normally less than 1,500 cfs. Consequently, when the pool has
been lowered to about El. 500, discharge through the notch would
be equivalent to average reservoir inflow. When the gated notch
does not permit further lowering of the reservoir, the gate and
operating system would be removed, and the second of nine
successive planned notches would be constructed. The second
notch would be located sufficiently far to the right of the
initial notch so that unacceptable stress levels would not occur.
The gate guide and sill would be removed when the pool level is
lowered below El. 4 90 through the next successive notch.

The sill elevation of each notch would be 12.5 feet lower than
the preceding notch. Before the second notch is constructed, a
portion of the dam crest would be removed such that 50 feet of
the crest length would be at El. 527.5 and the remaining sections
at 515 msl. The high portion is left at the location where the
next notch would be cut. One notch would be required for each
12.5 feet (vertical) of dam removed, so nine notches would lower
the crest a total of 100 feet to El. 427.5. The dam crest and
notch sill elevations for each succeeding notch are listed in
Table F-2.
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Table F-2

.

Notch sill elevat ions.
Gate Operator Dam Crest Notch Sill

Notch No. Elevation
1

Elevation
2

Elevation Notch Location

1 540 527.5 490.0 Left side of dam

2 527.5 515.0 477.5 Right side of dam

3 515 502.5 465.0 Left side of dam

4 502.5 490.0 452.5 Right side of dam

5 490 477.5 440.0 Left side of dam

6 477.5 465.0 427.5 Right side of dam

7 465 452.5 415.0 Left side of dam

8 452.5 440.0 402.5 Right side of dam

9 440 427.5 390.0 Left side of dam

1 A 50-foot length of dam crest remains at this elevation prior to cutting the notch.
2
Elevation prior to cutting notch.

All notches would provide the same 17 foot wide by 25 foot deep
gate opening. This would allow the bulkhead cofferdam and slide
gate used for the first notch to be reused on all successive
notches

.

d. Stage 4. Because the invert elevation of the last notch is
at streambed elevation (approximately El. 390 msl), the river
cannot be lowered. Also, the gorge is too narrow to divert the
river any place other than through the notch. Consequently,
removal of the remaining concrete blocks on either side of the
river would be carried out under wet conditions. This operation
is more effectively performed during low flows. If the river
were passing about 500 cfs, which is common during summer months,
the stage level over the notch invert would be 5 feet. With the
river flowing through its original channel, maneuverability of a
barge in the narrow gorge would be very difficult. Therefore,
Stage 4 demolition would not use a barge, and installation of a
cableway or boom crane would be necessary to remove the remaining
concrete blocks out of the gorge.

C . SCHEDULES

The schedule prepared for this study assumes that the reservoir
sediment dredging operation and the demolition of structural dam
components would proceed concurrently. With this concept, both
Elwha and Glines Canyon dams would be removed in an 18 month
period. Following are brief descriptions of the schedule for the
two proposed dam removal plans. Figures F-24 and F-25 are Gantt
charts of each plan, and illustrate task activity inter-
relationships and durations. For Glines Canyon Dam removal, the
diversion notch alternative was used to prepare the schedule.
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1. SCHEDULE FOR GLINES CANYON DAM REMOVAL: The estimated total
time required for dam removal is 18 months from award of the
valve procurement contract to completion of site restoration.
Figure F-24 presents a Gantt chart of the planned schedule for
removal of this dam. Complete demolition of Glines Canyon Dam
and related structures requires three diversion stages. Stage 1

provides diversion of reservoir inflow through the existing gated
spillway and can draw down the reservoir to pool El. 575. In
stage 2, flows are diverted through the power tunnel, which can
draw down the reservoir to pool El. 515. Stage 3 diverts flows
over notches in the arch dam and can draw down the pool to the
original streambed.

The demolition program would remove the dam and restore the site
over a 12 month period. An estimated six month lead time,
however, is required for delivery of the fixed-cone valve which
is necessary to regulate second stage diversion flows. In
addition, delivery of a slide gate and a bulkhead cofferdam would
require sufficient fabrication lead time before third stage
diversion can start.

Following the contractor's mobilization, the powerhouse water
passage could be rebuilt with an 11 foot diameter discharge
outlet to regulate second stage diversion flows through the power
tunnel. Approximately two months are required for the water
passage modification. This modification includes removal of the
turbine and generator unit, removal of the penstock section at
the powerhouse, removal of the butterfly valve, demolition and
removal of concrete in the turbine scroll case alignment, and
installation of a 11 foot steel pipe extension and an 11 foot
diameter fixed-cone valve.

During second stage diversion, Lake Mills would be lowered about
60 feet to El. 515. Demolition and removal of the concrete arch
dam to El. 515 would proceed over the extended duration of the
reservoir dredging of the upper delta, which is assumed to take
three months. Because demolition and removal of the concrete
arch structure would be performed from a barge, the dam would be
lowered in stages and would progress as dictated by the reservoir
dredging program.

After the reservoir has been lowered to below El. 515, third
stage diversion through notches would bypass reservoir inflows.
Each successive notch would permit lowering the reservoir an
additional 12.5 feet. However, the installation of each notch
would require an estimated three weeks. With nine successive
notches, the reservoir could be lowered from El. 515 to El. 400
in about six months, and the dam would be removed down to El. 405
with the last notch.

Although final demolition of dam concrete near the reservoir
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bottom should take only two to three weeks, it can be safely
performed only under low river discharge conditions. Therefore,
unless the work can be scheduled during the summer months when
flows are typically low, completion of the Glines Canyon Dam
removal could need to be temporarily suspended until favorable
stream conditions occur.

2. SCHEDULE FOR ELWHA DAM REMOVAL: The estimated total time
required for Elwha Dam removal, from contract award to completion
of site restoration, is about 16 months, as shown in Figure F-25.
The demolition of this dam and its related structures requires
two diversion stages before the site can be restored to
preproject conditions. Stage 1 diverts the reservoir inflows
through the existing powerplants and south spillway. Stage 2

diverts reservoir inflows through a channel to be excavated in
the north bank, discharging through the north spillway area
(following spillway structure removal).

Water level would be controlled primarily by a passive rockfill
overflow structure. Consequently, demolition would commence
without delay due to lead times for fabrication and delivery of
gates or valves. Following mobilization, second stage diversion
facilities would be under construction for an estimated 3.5 month
period. Meanwhile, first stage diversion through the powerplants
and the south spillway would lower the reservoir 15 feet to about
El. 180. During this period, a reservoir cofferdam would be
constructed, the north spillway would be dismantled and removed,
and the channel on both the dry and wet sides of the cofferdam
would be excavated.

Following diversion into the newly excavated north bank channel,
an access haul road could be constructed from the south abutment
area. This road would permit removal of several Project
appurtenances including the penstock, intake monolith, and
powerhouses. Demolition and removal of these structures would
take about four months . After the reservoir has been lowered to
about El. 135, a sheet pile cofferdam cutoff could be installed
to sufficiently reduce seepage under the main monolithic dam
structure. Demolition and removal of about 20,000 cubic yards of
mass concrete and 80,000 cubic yards of embankment material could
be performed under dry conditions. At El. 135, the reservoir
dredging operation of the Lake Aldwell delta would be mostly
complete. However, the river could not yet be returned to its
original channel. The schedule calls for demolition and removal
of the main dam concrete monolith and embankment fill to continue
for six months, plus an additional month for river channel
restoration. Finally, one additional month would be needed to
backfill the diversion channel, complete restoration of the site,
and demobilize equipment from the site.
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D. COST COMPARISON OF ALTERNATIVE DIVERSION PLANS

Cost estimates have been prepared on the basis of complete
removal of the Glines Canyon and Elwha dams and related
appurtenances as described in this report. Quantities were
estimated and unit prices developed based on 1992 hourly labor
rates, material and equipment costs, and estimated production
rates. Allowances have been added for minimal unexpected work
stoppages and for contractor's overhead and profit. Quotations
to furnish river diversion gates and associated equipment were
obtained from gate suppliers.

The direct cost (DC) includes the total of all of the
contractor's costs directly chargeable to the project. These
costs do not include owner's costs, such as engineering,
administration, and financing. The base DC represents a
contractor's bid offered in 1992. The bid prices have built-in
escalation through the project period. Sales tax has not been
included in the DC because the work is assumed to be federally
funded and, therefore, not subject to state sales tax.

The total cost (TC) consists of the sum of the DC plus allowances
for contingencies, engineering, and administration. To allow for
unforeseen difficulties during the project and items not
reflected in the estimate, an allowance of 20% for contingencies
was applied to the DC. Allowances for engineering and
administration costs are based on actual experience for dam and
hydroelectric construction work. This item does not include
costs of engineering work expended to date. However, it is
intended to include costs of subsequent field investigations,
processing of required permits, final design and preparation of
contract documents, and management. An allowance of 18% of the
DC, plus contingencies, is considered a reasonable estimate for
engineering and administration.

All cost estimates are based on the 1992 bid price level.
Although cost comparison of dam removal alternatives is an
important consideration in selecting the preferred alternative,
other qualitative features relating to performance and
flexibility must also be considered. These include:

ability to regulate outlet flow if reservoir level
control reservoir is required;
ability to control turbidity at the outlet; and
adequacy of diversion capacity during the flood
season.

Diversion features as described in this report serve two
purposes. They facilitate dam demolition and removal work. They
also permit effective dredging and other mechanical methods for
removal of reservoir sediments to be performed through
controlling the pool levels of the reservoirs.
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Comparisons of estimated costs are presented below for the three
Glines Canyon diversion plans and for the two plans developed for
Elwha Dam. Cost estimates are based on 1992 prices.

Cost* Cost*
Glines Canyon Elwha

$million $million

12.37 14.53
8.59

8.44
9.12

Plan 1 Diversion Tunnel
Plan 2 Surface Diversion Channel
Plan 3 Low-Level Diversion
Plan 4 Notch Through Dam

*Estimated cost in 1992 dollars

E. CONSTRUCTABILITY AND RESERVOIR REGULATION DURING DAM REMOVAL

1. GLINES CANYON DAM: Both the low level outlet and notched
diversion plans provide significant cost reductions over the
diversion tunnel plan. However, final selection of a demolition
plan requires further study of diversion phase scheduling for
each alternative. If a diversion capacity of 5,000 cfs were
needed for any stage, then the low level outlet approach would be
the most cost effective. But if the required diversion capacity
should decrease for certain phases, then the stepped notch
approach becomes the most cost effective design.

For example, if stage 1 diversion can be limited to 2,700 cfs
capacity through the power tunnel, then only the turbine runner
need be pulled and the scroll case discharge diameter enlarged.
The 11 foot diameter fixed-cone valve would become unnecessary,
and a savings of $1.5 million in total costs would result. If,
on the other hand, 5,000 cfs is desirable for the first stage but
the discharge capacity through the stepped notches can be
reduced, comparable savings of approximately $1.5 million or
higher are possible. The degree of savings would depend upon
whether a non-gated stepped notch is feasible during the low flow
season of July to September and on what the design flood should
be during this low flow period. Further hydrologic analysis of
peak flood discharge for 5 and 10 year monthly floods would need
to be estimated for each month during the year.

2. ELWHA DAM: The diversion channel plan provides an
approximate reduction of $5.94 million in total cost compared to
the diversion tunnel plan. On a cost basis, the diversion
channel plan is preferable.

3. DIVERSION AND POOL LEVEL REGULATION: The dredging approach
to remove reservoir sediments might be enhanced if the river's
erosive forces are controlled where they enter the reservoirs.
Therefore, outlet control for the plans presented includes the
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capability for both lowering and raising the pool level. The
diversion tunnels would provide the greatest capability to
control the reservoir pool elevations. With the diversion
tunnels in place, reservoir levels could be fully regulated, from
the tunnel's control sill to the maximum pool level. Specific
aspects of diversion and pool level regulation are discussed
below for each of the dams.

a. Glines Canyon Dam. Two alternatives for river diversion at
Glines Canyon Dam have been considered in addition to a new
diversion tunnel. However, both use the existing power tunnel
and would provide essentially the same outlet flow capability as
the diversion tunnel, down to reservoir El. 515 msl. Lake Mills
delta sediments are located primarily in the upper 70 feet of the
reservoir.

Below El. 515 msl and down to original streambed elevation, the
diversion tunnel provides superior outlet flow regulation. The
low level outlet plan, which provides construction of an enlarged
outlet conduit near the base of the arch dam for flow regulation,
would perform adequately down to about El. 440 msl. Below
El. 440, flow regulation would be performed by means of notches
cut into the dam and would be less precise than through the
conduit.

The "notch" diversion scheme creates a series of notches in the
dam below El. 515. These notches would have some flow regulating
capability, but could not regulate floods greater than about
3,000 cfs.

b. Elwha Dam. The diversion channel alternative for Elwha Dam
removal does not provide headgates to regulate flows. However,
the incremental removal of the cofferdam at the diversion channel
inlet would provide for the gradual lowering of Lake Aldwell. To
obtain regulating capability comparable to that of the diversion
tunnel, the channel would have to be equipped with a headgate
structure. Construction of a temporary headgate structure would
add significantly to the cost of dam removal.

IV. SEDIMENT MANAGEMENT ALTERNATIVES

This section discusses a range of methods for reconstructing the
river channel through the sediment material that is trapped in
each reservoir. Nine "Scenarios" are developed with a brief
description of each. Possible advantages and disadvantages are
listed.

For nearly 80 years, the Elwha River dams have acted as large
settling basins, slowing the river flow velocities and trapping
material transported by the river behind the dams . Most of this
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material has been trapped in the upstream reservoir, Lake Mills.
It is estimated that approximately 11.3 million cubic yards are
trapped within Lake Mills while estimates for Lake Aldwell vary
from 2.6 to over 4 million cubic yards.

Trapped material can be roughly divided into two categories.
Coarse material, ranging in size from small sand to large gravel,
has been deposited at the confluence of the reservoirs and the
river, to form the deltas. Coarse material comprises most of the
sediment trapped within Lake Mills (about 8 million cubic yards)
and forms a delta about 7 feet deep. Fine material, smaller
clay and silt sized particles, are evenly deposited throughout
the beds of each reservoir.

Approaches for reconstructing the river channel were grouped into
three general Sediment Management categories discussed in general
below.

The "Removal " alternative would remove and relocate all
trapped material from the inundated regions to a new
location outside of the reservoir area. The material could
be relocated to an upland site or be deposited in saltwater.
Excavation of trapped material would be conducted using
mechanical equipment or hydraulic dredges.

The "Erosion" alternative would allow river flow to erode or
cut anew channel through the trapped material. Erosion
would occur as a result of lowering the water elevations in
the reservoirs. Eroded material would be washed downriver.
Fine material would be suspended in the water column and
transported to the Strait of Juan de Fuca. Coarse material
would be eroded and supplemented with mechanical excavation
as necessary.

Trapped material has been deposited over the width of the
reservoirs. The "Retention" alternative would remove only
material in the path of the river and relocate it adjacent
to the new channel. In this approach, much of the trapped
material would remain in place undisturbed. Material
removed from the path of the river would be stabilized
adjacent to the river channel. Removing and relocating
material could be accomplished either by using mechanical
equipment including hydraulic dredges or by allowing river
flow to erode material and relocate it.

Sediment Material Characteristics

Based on particle size, material is conventionally divided into
gravel, sand, silt and clay sized particles. Sediment generally
decreases in size with distance from the confluence of the lake
and the river. Approximately 86% of 7.3 million cubic yards in
the Lake Mills delta meets the sand or gravel grain size
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criterion. Nearly all of the material downstream of the delta,
in the lake bed areas, is small enough to fit into the silt or
clay sized particle classification.

Mechanical properties of sand and gravel (coarse material) and
silt and clay sized particles (fine material) are different and
would be transported, compacted, excavated and stabilized in
different manners. Coarse material roughly corresponds to bed
load, material transported by rolling along the riverbed
(particles > 1 mm) . Fine material roughly corresponds to
suspended sediment (particles <.l mm), material transported in
the water column.

Coarse material can be eroded and transported by the river only
relatively slowly. For this reason the Erosion approaches would
take many years to complete if only river flow were used to
remove coarse trapped material. The relative stability of coarse
material would allow construction of steep slopes when deposited.
Coarse material is used to stabilize and contain the fine
material in the .Retention approaches.

Fine material will tend to flow when deposited and will not be
stable at steep slopes. However, this material will easily erode
and will stay in suspension when introduced into the water
column. The Erosion approaches consider the possibility of
eroding and placing this material into the river where it would
be washed into saltwater.

Material Size
Range

Best
Method

of
Handling

Location Erodibility Stable
Angle of
Repose

Coarse

Material

Boulders to .06

mm
Hydraulic

Dredge or

Mechanical

Equipment

Delta Region at

beginning of

Reservoirs

Erodes slowly -

Transported along

riverbed

3 horizontal

to 1 vertical

Fine Material .06 mm to

.0024 mm
Hydraulic

Dredge

Spread

throughout

Lake bed

Erodes quickly -

Transported in

water Column

10 horizontal

to 1 vertical

Each reservoir contains both fine and coarse material. For
convenience, each scenario is shown in Figure F-26 where the
ultimate destination of coarse or fine material is indicated by a
black square.

Sediment Management Design Criteria

The criteria of the Sediment Management and Dam Removal effort
are (1) achieve full ecosystem and native anadromous fisheries
restoration, (2) minimize detrimental environmental impacts, and
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(3) keep project costs reasonable. Some of the issues considered
are discussed below.

Revegetation Potential of Relocated Sediments

For the .Retention approaches, delta sediments capable of
supporting vegetation would be placed on the surface of all
relocated material. This material would be placed over silt
sized material relocated along the river to enhance revegetation.
For the Erosion and .Removal approaches it was assumed that the
trapped material would be removed entirely and preexisting
material would support vegetation.

Water Quality During Sediment Relocation

Water quality criteria would depend on the actions taken to
protect water supplies and fisheries that depend on the Elwha
River. The Retention approaches were developed to provide the
highest level of water quality protection for domestic,
municipal, industrial and fisheries water users. Using this
approach, river turbidity levels would remain low during
construction and use of water downriver would be possible during
construction. The Removal approach would probably experience
only slightly higher levels of turbidity during removal than the
Retention approach. The Erosion approaches would increase
turbidity and potentially require temporary relocation of fish
production. Measures to protect industrial, domestic and private
water users during the removal process would also be necessary.

Channel Configuration

For the Retention approach, contours were developed to meet
stability requirements for static conditions with a factor of
safety of approximately 1.3 (resistance to movement of relocated
material is 30% greater than potential for movement). Contours
were also developed with the objective of providing the widest
possible flood plain for a given volume of relocated material.

A. EFFECTS OF DAM REMOVAL AND SEDIMENT MANAGEMENT

Each approach would have impacts on the environment, would result
in different profiles and final configuration of land now part of
the lakes, and would require different schedules and incur
different costs. The three approaches were briefly described
above in a generic manner in order to evaluate and help
conceptualize the range of options. However, many combinations
of elements of the three approaches could also be incorporated
into a single approach. For instance, washing the silt and clay
material into saltwater while retaining granular material
combines features of the Erosion and Retention approaches. A
discussion of issues investigated and compared for the various
Scenarios is presented below.
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1. COST: Cost comparisons were based on the cost to remove the
dams and restore the river channel. These comparisons do not
include costs associated with other measures required for water
supplies necessary to implement a particular approach. For
instance, the Erosion approach might require significantly more
cost for water supply and downstream protection than other
approaches that release little or no sediment from the sediment
management process. Cost estimates for water quality protection
are provided in Section VI (E).

2. IMPACTS ON RELOCATION SITE: Impacts on relocation site
landscape and environment would occur when materials are taken
from the lake regions and redeposited at another location. This
is because of the large volume of material trapped in the lakes
rather than the nature of the material. The issues considered
were environmental impact and usage. For instance, the Erosion
approach would potentially have significant temporary impacts on
river and marine life by burying shellfish with eroded sediments,
killing invertebrates in the river, and raising riverbed
elevations. However, some positive effects might also be
anticipated from this approach, such as increased quantities of
spawning gravel along reaches of the river which have been
depleted by dam construction.

The Removal approach would necessarily have an impact on the
relocation site. Impacts would be difficult to determine without
further study. The conclusions of a study conducted by the dam
license applicant implied that these effects would be negative.

Impacts on the relocation site for the Retention approach would
vary depending on amounts of material relocated. In any event
the site has been impacted by the construction of the dams and
any local relocation would change these impacts only slightly.

3. WATER QUALITY: Water quality addresses effects of sediment
management activities during and after dam removal on fish and
domestic and industrial water users. Impacts would depend on the
extent and types of actions taken prior to removal activities.
For instance, if measures were taken to protect water supplies
and fish rearing facilities could be protected or relocated, the
Erosion approach could be preferable. HEC-6 analysis shows
suspended sediment concentrations would be initially very high
for this approach (over 1,000 ppm) and remain over 500 ppm for
nearly 3 years. Normal background suspended sediment levels
(above the dams) are estimated to be approximately 60 mg/1 during
average daily flows. The Erosion approach would temporarily
violate standards for allowable turbidity and suspended sediment
levels during dam removal.

a. Monitoring Parameters Literature Review. As part of the
Retention approach, an investigation of allowable turbidity and
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suspended sediment concentrations was conducted. The following
literature was reviewed to help establish monitoring parameters:

Environmental Protection Agency (EPA). 1991. Monitoring
Guidelines to Evaluate Effects of Forestry Activities on
Streams in the Pacific Northwest and Alaska, p. 3 9-83.

Idaho Dept of Health and Welfare, Water Quality Bureau,
"Technical Review of Sediment Criteria," pages 4-12.

Lloyd, D. S. 1987. Turbidity as a Water Quality Standard for
Salmonid Habitats in Alaska. N. Amer. J. Fish. Manage. 34-41.

Bell, M. C. 1984. Fisheries Handbook of Engineering
Requirements and Biological Criteria, p. 103-117. U.S. Army
Corps of Engineers

.

The criteria discussed in the EPA publication for the selection
of monitoring parameters is either adopted in the other
publications or supported by information contained in those
reports. Therefore, most of the guidelines are largely from the
EPA report.

The selection of monitoring guideline parameters is dependent on
the sensitivity of those parameters to the water uses. For this
restoration project, the quality of the domestic water supply
should be considered. Industrial water supplies would also be
affected, although criteria are not discussed in the EPA report.
It was assumed that the survival of anadromous fish would need to
be maintained, although a number of options (e.g., timing of
removal, captive brood collection, maintenance of hatchery
stocks) are available to do so. However, additional risks are
incurred with increased reliance on hatchery propagation for this
purpose. Further engineering analysis is necessary to identify
opportunities for limiting sediment releases to minimize impacts
on lower river fish stocks.

Water usage is affected mainly by water temperature, intergravel
dissolved oxygen (DO), the presence of suspended sediment,
turbidity, bacteria, and invertebrates. The EPA suggests that
these parameters are most sensitive to road building and placer
mining activities, which are similar to those which would occur
during the lake restoration process. In addition, these
parameters are highly interrelated, hence measuring these
parameters would be extremely useful in a monitoring program for
this project.

b. Temperature. Temperature of the water affects the function
of several processes in the river. While the rate of water flow
is the most significant contributor to fluctuations in
temperature, turbidity and bed load also affect water
temperature. The general EPA standard states:
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...the weekly average warm season temperature should (1) meet
site-specific requirements for successful migration,
spawning, egg incubation, fry rearing, and other reproductive
functions of important species; (2) preserve normal species
diversity or prevent appearance of nuisance organisms; and
(3) not exceed a value more than one-third of the difference
between the optimum and the lethal temperature for sensitive
species (EPA 1986b).

c. Intergravel Dissolved Oxygen (DO). Intergravel DO is
essential to the biological processes of stream organisms. The
introduction of large quantities of fine and coarse sediment (bed
load) affect the balance of DO in the stream bed. Reduction of
instream DO levels to 4-5 mg/1 begins to significantly affect
salmonid and invertebrate production. Intergravel DO is assumed
to be approximately 3 mg/L less than the instream DO
concentrations. Idaho standards state:

Nonpoint source activities shall not cause intergravel
dissolved oxygen in spawning gravels to decline, below a weekly
average of 90% of saturation or 6 mg/L, whichever is greater."

d. Suspended Sediment. Suspended sediment is defined by the EPA
as particles less than 0.1 mm diameter such as clay, silt, and
very fine sand. Silt and clay (<.062 mm) were used to predict
suspended sediment concentrations for analysis in this report.
These particles are introduced during runoff events and
essentially never settle out of the water column. Bed load is
considered to be particles greater than 0.1 mm.

Fine suspended particles tend to fill the spaces between course
particles within the stream bed, this reduces habitat space for
small fish and invertebrates. It also reduces permeability which
results in declined intergravel DO concentrations.

The previously mentioned literature suggests that suspended
sediment concentrations (SSC) of about 300-500 mg/L reduce the
ability of juvenile salmonids to capture prey, thereby increasing
stress on the fish and reducing their growth and survival. Adult
salmon avoid migration through streams with these levels of SSC.
Fatality occurs for juveniles at 1200 mg/L and 20,000 mg/L for
adult salmonids. The EPA standard for measuring SSC is:

Settleable and suspended solids should not reduce the depth
of the compensation point for photosynthetic activity by more
than 10% from the seasonally established norm for aquatic
life.

The primary problem with measuring SSC is variability. The EPA
suggests that there is 25% to 50% uncertainty in these
measurements. However, SSC is often measured in turbidity units.
Turbidity measurements have successfully predicted 80% of the
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variation in suspended sediment concentrations. Thus, turbidity
is often used as a surrogate for SSC. The Lloyd paper presents
ranges for protecting fish in Alaskan rivers:

Moderate protection 2 6-80 mg/L =20 NTU
High protection 0-25 mg/L = 7 NTU

e. Turbidity. Turbidity is probably the most effective method
of monitoring water quality for this project as it is fairly
accurate (uncertainty of 10%) and generally accepted. Studies
have shown that salmonid feeding is impaired at turbidities in
the range of 25-70 NTU. Tissue damage occurs after 5-10 days of
exposure at 25 NTU and growth is reduced. The general EPA
criteria for turbidity is similar to that for SSC:

...the depth of photosynthetic compensation point should not
be reduced by more than 10% from the seasonally established
norm for aquatic life.

Table F-3: Turbidity Standards

State Turbidity
Washington +5 NTU when background < 50 NTU

+10% when background > 50 NTU

Alaska +25 in streams
+5 in lakes

California +20% above natural not to
exceed 10 NTU above

Idaho +5 when background < 50 NTU
+10% not to exceed +25 when

background > 50 NTU
Oregon + 10%

Retention and Removal approaches would have lesser impacts on
water quality since material disturbed during sediment relocation
and construction would be partially trapped by the lakes. The
dams would remain in place to help trap sediment and reduce
turbidity during the sediment relocation process. Removal was
judged to have a greater potential for oil spills and water
contamination impacts due to the larger numbers of heavy
equipment involved.

4. CONSTRUCTION TIME: Construction time required to implement a
particular sediment management scenario would vary. Economic and
environmental effects of a proposed project would be related to
the length of time required. Extended time could increase
inspection costs, engineering, construction and support staffs.
Adverse environmental effects such as poor air quality, noise,
and increased turbidity might also be extended with increased
time. In general, longer periods were considered to affect the
project more negatively than shorter periods.
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The Retention approach, which relocates the smallest volumes of
material, would require the least time of the approaches. The
Erosion approach, which is limited by the transport capacity of
the river, would require the greatest amount of time. The
Removal approach would require more time using the same amount of
construction equipment and personnel than the Retention approach
primarily because it would move greater volumes of material
larger distances.

Table F-4 . Estimated Project Time.

Approach Approximate Construction Time Required

Erosion 10 to > 20 years

Retention 3 to 5 years

Removal 5 to 9 years

5. RELIABILITY: The ability to predict the nature and cost of
construction will vary. Both the Retention and Removal
approaches are employee standard construction activities and can
be reliably planned and designed. Similar activities conducted
on other projects were used to develop costs, construction
schedules, and environmental impacts. Due to the
unpredictability of river flows and transport capacity
prediction, and lack of previous construction activities,
estimations of schedules, costs, and impacts of the Erosion
approach are less reliable.

6. AIR QUALITY: The activities associated with the Removal
process would reduce air quality if large numbers (estimates vary
between 65 and 150) of earthmoving equipment were used. Effects
of reduced air quality, impacts on wildlife, Olympic National
Park use, and commercial activities are unknown, but would
potentially be negative. Compared to the Removal approach, the
Erosion and Retention approaches would have relatively minor
impacts on the quality of the air in the vicinity of construction
activities. The effects of the Retention approach would vary
depending on construction method and equipment used. A shorter
construction period would require more heavy equipment (estimated
at 68 pieces if mechanical equipment is used to excavate and
relocate material).

The lowest cost and lowest impact Retention option would use
relatively few pieces of heavy equipment and produce relatively
little air pollution. The Removal approach would require a
significantly larger amount of personnel and heavy machinery
(estimated at over 150 pieces) and would disturb the environment
near the site more than the other approaches.

7. FINAL LAKE SITE CONFIGURATION: Consideration was given to
the configuration of the lake areas where new landscaping and
river restoration activities would occur. The most desirable
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configuration was considered to be total removal of all trapped
material. Based on this objective both the Erosion and the
Removal approaches have the potential to create contours similar
to predam conditions. By its nature, the Retention approach
would create contours substantially different from those of the
predam landscape.

B. DETAILED DISCUSSION OF SEDIMENT MANAGEMENT ALTERNATIVES

Approaches to Sediment Management have been grouped into three
generalized categories and combinations of these. From the
generalized approaches, nine detailed scenarios were developed to
a level that would allow the determination of feasibility and
relative cost. Figure F-26 provides a synopsis of each Scenario
and shows the current and proposed final location of trapped
material. Because the methods of transporting, stabilizing and
handling are distinctly different, proposed final locations of
coarse and fine trapped material are shown separately. For
instance, in Removal Scenario 2, fine material from Lake Mills
would be relocated to saltwater in the Strait of Juan de Fuca,
indicated by the black square beneath the saltwater heading under
Lake Mills across from Scenario 2 in the Figure F-26.

1. REMOVAL: As previously discussed, the Removal scenarios
(Scenarios 1 and 2) would completely remove all trapped materials
accumulated in the lakes since dam construction. A cursory
investigation of these scenarios was conducted by the dam owners
during the FERC relicensing process. A synopsis of that
information is presented here as Scenarios 1 and 2

.

SCENARIO 1 - Complete Removal, Dry Excavation

Lake Mills
Coarse material excavated to upland site
Fine material excavated to upland site

Lake Aldwell
Coarse material excavated to upland site
Fine material excavated to upland site

In this approach, structures are demolished and river sediments
are dredged or mechanically excavated and transported to a
distant disposal site, either terrestrial or saltwater.
Approaches using both mechanical and dredging equipment were
investigated. Of the three general approaches, Removal would be
the most expensive, time consuming, and disruptive to the
immediate environment.

As part of the dam owner's investigation, material sampling was
conducted in the lake beds and delta regions to determine
material grain size distribution and location. The sampling was
used to develop lake bed contours and to analyze construction
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schedules , cost and techniques for relocating the material.

Sediments could be transported to an upland disposal site or open
water disposal site via specially constructed haul routes. Prior
to the mobilization of excavation equipment, the two reservoirs
would be drained and the sediments trapped behind the dams
allowed to stabilize. Hydraulic controls in the Elwha and Glines
Canyon dams would allow the release of water in a controlled
manner. Substantial erosion and deposition of sediments would
occur.

As part of the review of this process, a computer model (HEC-6)
was used to predict the behavior of the sediment during the
reservoir lowering process. The model indicates that a
substantial amount of sediment management, water surface control
and water quality monitoring would be necessary during the lake
lowering/draining process in addition to the efforts described in
the applicant's approach. A rapid drawdown process could
introduce large quantities of material into suspension. Some of
this material would pass by the dams and increase suspended
sediment levels downstream. No water quality standards have been
explicitly determined for the process of dam removal and sediment
stabilization (except as discussed in the previous section).

However, for a similar project conducted by British Columbia
Hydropower involving similar downstream water users, standards
were set to protect fish and water supplies. The project
involved dredging and redepositing material underwater in a
reservoir. Regulations were similar to those cited in the EPA
monitoring criteria. Construction activities were allowed to
increase suspended sediment levels in the river by 25 mg/1 above
the background level (the concentration of suspended sediments in
the river without construction activities).

Once the lakes have been drained and the sediment left behind the
dams has been stabilized, erosion control measures would be
implemented. These measures include watering active construction
sites to control dust, channel location stabilization during
excavation procedures and seeding completed sites. Sediment
would be transported to the disposal sites using (15) -70 ton haul
vehicles operating 120 hours/week for approximately 5 years, in
addition to loading and grading vehicles at the site.

To accommodate the large haul vehicles, haul roads allowing two
way vehicle traffic would need to be constructed from the lake
areas to the disposal sites. If the material were to be
transported to the upland disposal site, approximately 10 miles
of haul road would be required for Lake Mills and Lake Aldwell
combined. Some haul vehicle traffic could parallel or use
existing highways and county roads. If the open water disposal
site option were chosen, the length of haul road would be
substantially longer.
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The upland disposal site discussed by the applicant is located at
the base of Kelly Mountain, west of the upstream end of Lake
Aldwell and north of U.S. Highway 101. The land is undeveloped,
easily accessible by haul road, and relatively flat. It is owned
by the Washington State Department of Natural Resources and
private landowners, and is currently being used for timber
production. The advantage of this site is its proximity to both
projects, which promotes lower transportation costs. Upland
disposal could also have less adverse environmental impacts than
open water disposal, but would still significantly impact air
quality and land at the disposal site.

Once the removal of the trapped sediments at the reservoir sites
has been completed, the entire area would be planted with native
vegetation. Additional slope stabilization could be required in
specific locations. All haul roads would be reshaped to their
natural contours and replanted.

SCENARIO 2 - Complete Removal, Wet Excavation

Lake Mills
Coarse material excavated and transported to saltwater
Fine material excavated and transported to saltwater

Lake Aldwell
Coarse material excavated and transported to saltwater
Fine material excavated and transported to saltwater

An alternative approach using hydraulic dredges to remove
sediment while the dams and reservoirs are still in place was
investigated by the applicant. This approach would use a pipe to
transport a slurry of solids and water into a barge located near
the mouth of the river. The barge would haul the material to a
designated open water disposal.

Large segmental hydraulic cutterhead suction dredges would be
transported to the site and reassembled. A staging area and
movable docking facilities would be constructed on the reservoir
banks to launch the dredge and other necessary equipment. The
dredge, which is operated from a barge, would be submerged on a
ladder arm and powered by a diesel engine or electric generator.
The revolving cutterhead would excavate and transport material
into a pipe located in the center of the revolving head. These
large dredges are capable of cutting and removing most material
including woody debris. A clamshell dredge might be required to
remove larger gravel, boulders, and stumps.

The slurry of solid material and water would be pumped into a
receiving barge on the lake surface or directly into the
transport pipeline. A pipeline with intermittent booster pumps
would transport the slurry to a transport barge located near the
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mouth of the river.

A designated dispersive disposal site for dredged material is
located in the Strait of Juan de Fuca, approximately 4 miles
north of Port Angeles. A 1989 Corps of Engineers study suggests
that it may not have the capacity for the total volume of
sediment removed from the sites. A portion of the material could
need to be deposited in the ocean, possibly near Cape Flattery.
A barge facility would need to be constructed in Port Angeles
Harbor. A route for haul vehicles or sediment pipeline would be
required through town to transport material to the barge
facility. This operation would be extremely difficult and would
significantly impact the City of Port Angeles.

Alternately, the materi
disposal site. The slu
barge, hauled to the la
upland or saltwater dis
mix is approximately 25
increase the barge size
significantly. Another
directly to a disposal
from the dredge to the
continue from there to
open water site.

al could be transported by road to the
rry could be pumped into a transport
keshore, and transported to either the
posal site. However, the dredged slurry
% solids to 75% water. This would
, traffic and transportation costs
option would be to pump the material

site. A floating pipeline would be used
lakeshore. A land based pipeline would
either the upland disposal site or the

The sediment slurry could be pumped to an upland disposal site.
But because of the large volume of water in the slurry, an
embankment would need to be constructed in order to contain the
slurry at the site. Another option would be to pump the slurry
to the barge facility near Freshwater Bay. The pipeline would
run roughly parallel with the Elwha River and be floated on Lake
Aldwell. From Elwha Dam, the pipeline would continue through
Port Angeles to the Freshwater Bay barge facility. More than 20
miles of pipeline along with booster pumps every 1 to 2 miles
would be necessary for this option.

Schedule. Estimates of construction time for activities required
to remove dam structures and sediment for complete sediment
removal as presented in the dam owner's approach range from 5 to
9 years (Table F-5).

Table F-5. Schedule for complete removal of trapped material.

Activity dry+saltwater dry+upland wet+saltwater

Permits 3 yrs 3 years 3 years

Engineering 3 yrs 3 years 3 years

Construction 5 yrs 5 years 9 years

A brief comparison of the advantages and disadvantages of
Scenarios 1 and 2 is presented below.
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Advantages

The Removal approach uses techniques that have been used in
the past on other similar projects. These construction
techniques are relatively predictable and controllable.

The final configuration in Olympic National Park after
removal would closely approximate predam conditions.
Spawning habitat in the lake regions could be restored.
Most of the material would be removed from the affected
areas

.

Disadvantages

The Removal approach is the most costly of all approaches
considered. Higher cost results because this approach
requires greater quantities of material to be relocated.

Environmental effects of this approach would be
comparatively greater for air and noise quality at the
construction site due to the large number of vehicles
required to transport the material to a new location.
Impacts on the land at the disposal site would also be the
greatest of all approaches considered.

Water users would need to be adequately protected during
lake level drawdown. Drawdown and construction could cause
large quantities of suspended sediment to be washed
downriver. Both hydraulic dredging and mechanical
excavation approaches would adversely affect fish and
wildlife for some period of time.

The dam owner's construction schedule predicted a long
completion time, up to 9 years. However, with more
equipment and manpower, this schedule could be reduced.

2. EROSION: The Erosion approach investigates the ability of
the natural transport capacity of the river to remove and/or
relocate sediments. Numerous variations on this approach are
possible and were investigated. The major investigations include
(1) complete erosion of all trapped material through the river
system to saltwater using river flow, Scenario 3, (2) using the
river to erode Lake Mills' delta to a 'stable' configuration,
Scenarios 4, 6 and 7, and (3) washing only fine material through
the river system, Scenarios 8 and 9. For clarity, a brief
description is given at the beginning of each of Scenarios 3

through 7 showing the method and location of trapped coarse and
fine material removed from the reservoirs

.
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SCENARIO 3 - Erode All Material

Lake Mills
Coarse material eroded to saltwater
Fine material eroded to saltwater

Lake Aldwell
Coarse material eroded to saltwater
Fine material eroded to saltwater

An investigation, using computer modelling (U.S. Army Corps of
Engineers HEC-6 program, version 4.0) was conducted to determine
the ability of the river system to transport all trapped material
out of the reservoir areas. Sediment data used for the modelling
were those presented in the dam owner's report (Hosey 1990).
Sediment rating curves used were a modified version of that used
in the initial FERC draft Environmental Impact Statement (EIS).

These computer simulations indicate that fine material could be
removed and transported as quickly as the material could be
introduced into the river flow. This could be accomplished most
efficiently by using submersible dredges to pump fine material
into the river. Depending on the type and number of dredges and
the constraints imposed on turbidity, fine material could be
removed and suspended in approximately 1 to 3 years.

A cursory analysis would imply that allowing the river to
transport the sediment might require the least equipment and
manpower effort, and potentially be the least expensive method of
sediment removal. Analysis showed, however, that this method
produced significant potential impacts on the river system, the
marine environment and would not necessarily be economical.
Further investigation of these potential impacts and possible
mitigation measures is needed.

Some form of intervention with mechanical equipment and/or
dredging equipment would be required to force lakebed sediments
into suspension. The use of mechanical equipment and or dredges
would reduce the potential economic benefits. Delta material
could be eroded by directing the flow of the river using movable
concrete barriers. Directing flow through adjacent alignments
along the surface of the delta might potentially remove most of
the sediment in the delta to a downstream location. A limited
amount of equipment would be required to move barriers, large
sized material and to help control the erosion process. A
clamshell dredge would probably be required to continuously
remove larger material, which if left in place would reduce the
erosion process.

Analysis showed that approximately 20 years would be required to
transport most of the trapped sediments through and out of the
river and to stabilize the courser sands and gravels redeposited
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in the riverbed. Initially, the process would create large
suspended sediment concentrations in the river system for
approximately 12 to 24 months as the fine lakebed material washed
out. Dredging fine material would be required since the course
of the river could not be relied upon to flow through all
locations where sediments have been deposited in the lakes.
Average concentrations of 1500 ppm could be expected with peaks
of 3000 ppm during high flows. These high levels of suspended
sediment could potentially have adverse impacts on domestic and
industrial water supplies taken from the river and could
negatively affect migrating fish and fish rearing facilities.
Larger material, transported as bed load, would move much slower
and could raise riverbed elevations causing local flooding and
changes in river channel location.

During the initial lake drawdown, the river would rapidly move
the granular delta material. Analysis showed that as the erosion
process progresses, the bed would begin to armor and the rate of
erosion would decline. Smaller particles would continue to be
eroded, while larger material would remain in the riverbed. This
"armoring" process would cause the riverbed to stabilize at a
slope of approximately 0.6% after approximately 30 months, moving
approximately 46% of the delta material in the path of the river
flow.

Two options were investigated to remedy the "armoring" of the
riverbed which reduced the rate of material transported. The
first option would allow the river to continue to operate and
naturally, but slowly, erode the delta. The second option would
mechanically or hydraulically remove armoring material. Both
approaches would require construction personnel to be available
to remove or manage large quantities during the process. For
instance, a large flow could cause unstable deposits of material
to accumulate along the river. A large flood could relocate
material to undesirable locations and cause localized flooding.

Removing the finer material would require either hydraulically
dredging material into the river or redirecting the river into
lakebed areas not in the natural river path. Both methods
require extensive construction equipment and incur cost similar
to the "cleaner" less impactive Retention approach.

Because the HEC-6 analysis indicated long periods of time would
be required to transport all the accumulated sediment in the
lakes (greater than 20 years if all material were removed from
Lake Mills), a detailed cost estimate using only river flow to
transport material was not developed. However, it is anticipated
that cost would be high due to requirement of continued presence
of construction personnel and equipment.

For comparison purposes, a cost estimate was developed assuming
that 75% of material in the deltas would require mechanical or
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hydraulic assistance to initiate the erosion process. Since the
river would cut a path through the lowest elevation in the lake
areas, it was assumed that only 1/2 of all the fine sediments
would be introduced into the river flow without hydraulically
dredging the material. Additional assistance was estimated to be
required to complete the process of transporting the delta
material after initial erosion and dredging. Approximately 25%
of the delta material would be redredged up to two times. This
estimate also includes a contingency of 50% indicating the high
degree of uncertainty associated with this approach.

Advantages

Long-term, the potential for returning the river to a stable
condition similar to that prior to dam construction is
possible. Riverbed material would be replenished, which
would be beneficial for fish spawning.

Less mechanical equipment would be required compared to the
Removal scenarios resulting in lower impacts on air and
noise quality.

Disadvantages

This approach produces the highest levels of suspended
sediments and bed load levels of all approaches
investigated. It would greatly increase suspended sediment
levels over natural (background) levels during the fine
material removal. Depending on the approach used, levels
could be elevated for approximately 3 years.

The ability to predict and control the effects of material
moving through the river system is poor.

Impacts to river morphology could cause localized flooding.
Flood protection levees would need to be modified, improved
and extended.

Increased bed load and suspended sediment levels could
impact fish habitat and health during the sediment removal
period.

Depending on solutions implemented for water user
protection, this approach could impact or limit the ability
to use river water for pulp mills. Domestic water supplies
would need to be modified or relocated.

An investigation of the impacts to living marine resources
was not conducted. However, the possibility is high that
some impacts would occur due to rapid introduction of larger
than average amounts of sediment into the marine area.
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This approach would require the greatest amount of time for
material removal. Increased levels of turbidity would be
possible for over twenty years.

SCENARIO 4 - Partial Erosion, Temporarily Store Material in
Lake Aldwell

Lake Mills
Limited amounts of coarse material eroded to Lake Aldwell
Fine material eroded to the Strait of Juan de Fuca

Lake Aldwell
Coarse material relocated in Lake Aldwell
Fine material eroded to the Strait of Juan de Fuca

Scenario 4 investigates using Lake Aldwell as a relocation site
for Lake Mills delta material. Fine material in both lakes would
be washed into saltwater. In this Scenario, the river would
erode and carry the fine material downstream where approximately
1/3 of this material would be trapped in Lake Aldwell. Due to
the length of time and the difficulty projected with using river
flow to transport coarse material, this investigation transported
coarse sediment from the delta using a pipeline to Lake Aldwell.

The amount of coarse material relocated into Lake Mills would be
limited by the storage capability in Lake Aldwell. Insufficient
storage is available for all of the coarse material trapped in
Lakes Aldwell and Mills (see Figure F-27). Dredging the fine
material in Lake Aldwell and the redeposited fine sediments from
Lake Mills erosion would be necessary to allow room for coarse
Lake Mills material storage.

The fine sediments trapped in Lake Mills would be removed first.
Submersible pump dredges, operating by barge, would remove the
sediment from the lakebed. The slurry would be pumped over the
dam and into the river. The river's energy would be sufficient
to transport the material as suspended sediment to Lake Aldwell
without significant redeposition along the river. Approximately
1/3 of the fine sediment would be trapped Lake Aldwell. The rest
would flow past the dam and eventually out of the river system.

The fine sediment trapped in Lake Aldwell would then be dredged
into the river to provide additional storage volume for course
materials from Lake Mills. Submersible pump dredges would remove
the original lakebed sediment and redeposited fines from Lake
Mills, pump them over Elwha Dam and into the river where they
would travel down the river and out of the system. Suspended
sediment concentrations would be increased during the dredging
and erosion process. As discussed previously, an average of 1500
ppm could be expected when removing the fine sediments and
introducing them into the river.

54



Calculations of available storage area in Lake Aldwell indicate
that space is available for only about 42% of the Lake Mills
delta material. Due to this limitation, relocating the entire
volume of Lake Mills delta material (approximately 7.3 million
cubic yards) in Lake Aldwell is not a viable option. Instead, a
channel could be constructed through the Lake Mills delta
material, removing only a portion of material, but creating a
stable channel configuration. A 250 foot wide channel with a
0.6% slope would be stable, and would require a volume to be
removed roughly equal to the volume of storage available in Lake
Aldwell, approximately 3.34 million cubic yards including fine
material which would be 'washed' out.

The process of erosion would be used to cut and stabilize a
channel through the Lake Mills delta material. According to HEC-
6 studies, suspended sediment concentrations would be elevated to
an average of 800 ppm for nearly two years during the initial
delta erosion procedure. The course material would settle out
rapidly once it reached the lower reaches of Lake Mills. At that
point, the course sediment would be dredged out of the lake and
pumped downstream to Lake Aldwell through a land based pipeline
located parallel to the river. The option of letting the
sediment wash downstream was investigated, but was not considered
a viable option considering the length of time required to
transport the material downstream, suspended sediment levels, and
the workforce required to maintain sections of river between the
two dams to prevent unstable aggradation.

Before the course sediment pumped from Lake Mills could be
redeposited in the Lake Aldwell region, a channel would be
constructed in the upper reaches of Lake Aldwell to allow flood
flows to pass. Approximately 890,000 cy of material would be
relocated to create a 500' channel through the Lake Aldwell
coarse material. All dredged material from Lake Aldwell and
material pumped from Lake Mills could then be stored on the banks
of the channel in Lake Aldwell.

It should be noted that the testing required to determine the
volume of material trapped in the upstream reaches of Lake
Aldwell has not been conducted and the precise quantity of this
material is unknown. The amount of material located in this area
would affect the storage available for sediments transported from
Lake Mills. If testing shows larger quantities of material are
trapped in Lake Aldwell, this option may not be viable.

Use of a pipe to transport material would prevent aggradation of
coarse sediments in river reaches. However, it would not
decrease the levels of suspended sediment that could be
experienced by downstream water users from those that would be
expected in the Erosion approach.
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No significant cost savings would be realized in this approach
when compared to the Retention approach. Construction of a
pipeline from Lake Mills to Lake Aldwell would be expensive to
construct, and maintain, and could possibly have negative
environmental impacts. In addition, very little area in the
region of the lakes would be returned to a natural state.

Advantages

Aggradation of course sediments in the river and the
potential for flooding downstream of Elwha Dam would be
avoided by trapping material in Lake Aldwell.

The lakebed region of Lake Mills would be free of sediment
and could potentially be used as spawning habitat.

Disadvantages

Suspended sediment levels would be increased significantly
over natural (background) levels. Depending on the sediment
removal schedule, levels would be elevated for approximately
3 years

.

Depending on solutions implemented for water user
protection, this approach could impact or limit the ability
to use river water for pulp mills. Domestic water supplies
would probably need to be modified or relocated.

Increased suspended sediment levels could severely impact
fish habitat and health during the removal period.

Constructing and maintaining a pipeline from Lake Mills to
Lake Aldwell could have negative environmental impacts along
the river.

Final configuration of the affected areas would be
functional, but this approach would not restore them to pre-
dam conditions

.

Reaching the stable configuration in Lake Mills would be
difficult to predict and maintain.

3. RETENTION: The essential feature of the Retention option is
that trapped material is relocated from the river channel to a
new location in the lake areas. In other words, trapped material
is retained in, instead of removed from, the lake areas. Cost
savings would result when compared to other approaches because
these approaches disturb and/or relocate smaller volumes of
material and move it relatively short distances.

Numerous variations of this approach are possible. Scenarios 5

and 6 illustrate two of the least expensive approaches. Other
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approaches that were investigated (but are not presented here)
used mechanical equipment to excavate material after lowering
reservoir levels, the erosive power of the river to permanently
relocate material, and combinations of hydraulic dredges,
mechanical equipment, and erosion to relocate material.

Scenario 5 allows the greatest control over and lowest levels of
suspended sediment in the lakes and downstream. Two sediment
excavation and relocation methods were investigated in Scenario
5, using mechanical equipment and using hydraulic dredges. Both
methods are discussed in the following.

Mechanical excavation methods would be more expensive and time
consuming and would not provide any advantages compared to
hydraulic dredging methods. Cost studies presented for Scenario
5 presume hydraulic dredging activities. Hydraulic dredging
activities would be conducted with the reservoirs in place to act
as settling basins and would provide cleaner downstream water
during the construction process. Both Scenario 5 and 6 are among
the least expensive and the least disruptive approaches to
downriver water users

.

Retention of material in the reservoir area would not completely
restore the configuration of the river valley to its pre-dam
condition. Material deposited in lakes in the pre-dam river
channel would be removed to form a new smaller (than pre-dam)
channel and relocated adjacent to the river.

In Lake Mills sufficient submerged land area exists adjacent to
the river channel, in what was a broad flood plain before dam
construction, to relocate material. Lake Aldwell has less land
area available to relocate material, but has sufficient land area
to accommodate the construction of a 500 foot wide river channel.

Scenario 5 would create a new channel through the delta material
at the original riverbed elevation. Scenario 6, would allow the
river to erode a channel to a stable bed elevation from the mouth
of Rica Canyon to the end of the delta, and would leave more of
the delta material in place (4.0 million cubic yards vs. 3.34
million cubic yards respectively) and require less material to be
relocated. Scenario 6 would also increase downstream turbidity
levels during the erosion process.

Investigation of the stability of coarse and fine material stored
adjacent to the river banks indicated that with the construction
of granular berms along the length of the river, a slope of 1

foot vertical to 4 feet horizontal would be stable under static
conditions for heights up to 80 feet above the riverbed. Figures
F-28 and F-29 show proposed final contours and channel widths for
both Scenarios 5 and 6. Figures F-30 and F-31 show sections
through the lakes after construction is complete.
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Scour protection could be provided to ensure that future floods
would not erode the relocated material into the river potentially
causing downstream water quality and flooding problems. The
nature and extent of scour protection would be determined by
aesthetic requirements and downstream water user protection.

SCENARIO 5 - Use mechanical Equipment or Submersible Dredges to
Relocate Coarse and Fine Material Adjacent to New Channel

Lake Mills
Coarse material relocated in reservoir
Fine material relocated in reservoir

Lake Aldwell
Coarse material relocated in reservoir
Fine material relocated in reservoir

Because the dams would remain in place to act as large settling
basins, the Scenario 5 approach would potentially secure the
highest water quality during construction and the least impact to
fish and water users. Material disturbed during the dredging or
excavating activities would have the opportunity to resettle in
the lake bed regions. Impermeable silt curtains would be used to
redirect and contain suspended material to enhance the settling
process

.

Because of limitations on available space in the reservoir area
for material relocation, channel width was limited to
approximately 500 feet. This width would allow flow to remain
within the channel during a flood event that would recur
approximately once every two years. For the average daily flow
of approximately 1500 cfs, the width of the river would be
approximately 200 feet. The pre-dam river channel width varies,
but in the region now covered by lakes the pre-dam flood plain
width was as much as 2000 feet.

Excavate with Mechanical Equipment. Two primary considerations
were investigated in the development of Scenario 5 : ( 1 ) water
quality during the construction process, and (2) stability of
relocated material after construction. Water quality issues
would be important to river water users because pulp mills,
domestic supplies and fisheries users rely on high quality (low
turbidity) water for their operations. The mechanical approach
was investigated because techniques involved have been used on
many previous projects. Excavation would be conducted in dry
conditions in the delta areas after lake levels are lowered.
Operating in dry conditions would reduce the introduction of
suspended material into the river flow and help protect water
quality.

Both mechanical and hydraulic approaches in Scenario 5 use berms
(dikes) constructed of granular materials, taken from the deltas,
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along the length of the river bank to help stabilize fine
material. Stabilization would protect relocated material from
future erosion and help reduce potential impacts to water quality
and river aggradation. Various methods and levels of
stabilization are possible. Stabilization with large rocks at
the river face graded to smaller material away from the river
would provide the highest level of protection from erosion. No
level of stabilization would prevent all erosion, and over time
some of the relocated material would move down river (hundreds of
years for the highest level of stabilization)

.

An approach was developed designed to use standard earthmoving
construction equipment and to ensure maximum stability of the
relocated material. This approach used between 40 and 7 pieces
of heavy equipment. The majority of material to be relocated
lies in the upper delta portion of the lakes. To minimize costs
the river channel in the delta area varied from approximately 80
feet wide at the mouth of Rica Canyon to 250 at the end of the
delta. The channel width was increased to 500 feet wide through
the remaining portion of the lake. This approach resulted in
relocating approximately 3.3 mcy of delta material and 2.0 mcy of
silt and clay sized material.

Activities for this approach would be divided into two stages.
The first stage would remove delta material from the new river
channel and store this material adjacent to the channel. The
lake level would be simultaneously lowered to the level of the
silt and clay deposits, a depth of approximately 70 feet.
Material in this region of the lake consists of mainly sand and
gravel. The excavation would be accomplished using mechanical
excavators such as very large backhoes and cranes . Some
excavated material would be separated by size. Larger material
would be stored for future use as scour protection. Instead of
temporarily storing it, material could be placed on barges and
bottom dumped in locations which would form berms to stabilize
silt and clay material after lowering the lakes. Silt screens
would be used to help reduce introduction of suspended material
into the water column.

This first phase of construction would coincide with river
diversion construction. Personnel and equipment would be
transported by barge from the dam area to the upper parts of Lake
Mills. Some road work could be required to get heavy equipment
into the Lake Mills area. Access to the delta region of Lake
Aldwell is available by land route. A launching site would be
constructed near the dam with a floating or movable pier which
would be used to access a barge. The same arrangement would be
made at the construction site.

When river diversion for dam demolition was complete and a
channel excavated through the delta region of the lake, the
second phase of construction would begin. This would involve
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using hydraulic dredges to remove material on the bottom of the
lake in the path of the new river channel, prior to lowering the
lake water levels.

Material deposited in the lake bed area consist of mainly very
small silt and clay particles, which when disturbed, would become
suspended and tend to increase the turbidity of the water. This
layer of fine material is about 10 feet thick and has the
consistency of mud. Material would be dredged from the lake
bottom and pumped into cells constructed in phase 1

.

These cells serve three essential purposes: (1) they surround
the sludge and contain it while it dewaters and consolidates; (2)
they stabilize the areas adjacent to the new river flood plain so
that even in the event of a flood, during or after construction,
the adjacent banks would not rapidly erode and carry unwanted
material down the river, and they also stabilize the river
alignment so planting of this area can occur; and (3) they serve
as haul roads so that material can be transported during
construction from the previous storage sites.

Relocated material would gently slope starting at the edge of the
floodplains . The slopes would rise approximately 1 foot for
every 4 horizontal feet. The surface of the relocated areas
would be covered with a layer of granular material taken from the
delta areas. This material would be used to ensure that the
proper substrate for revegetation is available. Planting of the
dredged material and berm slopes would start at the beginning of
the construction process and continue throughout. When the
excavation and sediment stabilization are complete, dam
demolition would begin.

Hydraulic Dredging. This approach relies on submersible pumps to
dredge, transport and place sediment in both the delta and
lakebed regions of the reservoirs. Most features of the previous
approach are similar except that delta material would be (1)
deposited under water and (2) hydraulically dredged rather than
mechanically excavated. Hydraulic dredging potentially offers a
cleaner, less expensive process.

Instead of lowering lake levels to operate in the dry, lake water
levels would remain at about their present elevations during
dredging of the delta sediments. Hydraulic dredges mounted on
barges would remove the sand/gravel material, pump it down the
lake and deposit it underwater into piles, later to be used as
containment berms . Sediment curtains suspended downstream of the
deposition site would help prevent any fine sediment put into
suspension by this process from passing the dam.

As the channel is excavated, the lake level would be lowered.
Existing penstocks would be used to lower reservoir levels to the
bottom of the delta. Dredged material would be pumped downstream
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and deposited underwater on either side of the channel in the
current lakebed areas. Containment cells would be formed by the
deposition of the redeposited material. Sediment curtains would
be positioned around the deposition sites to reduce the amount of
suspended material resulting from underwater deposition of
dredged material. Curtains would be suspended by floats at the
top and anchored on the bottom.

When dredging of the delta channel is complete, water levels in
the lake would be lowered exposing containment cells. As
containment cell material is drained and compacted, delta channel
sides slopes would be graded and protected from scour.
Submersible barge mounted dredges would remove the fine sediments
in the lakebed areas and place them in containment cells. All
but the extremely fine particles would settle in water within the
containment cells. Slurry from the dredge pumps would consist of
approximately 75% water and 25% solids. Water would seep trough
the cell walls containing solid material.

Fine sediments in the containment cells would be drained and
compacted. A layer of granular material would be placed over
compacted lakebed sediments. This material could be placed with
either mechanical equipment or pumped in a slurry. Vibratory or
roller compactors would stabilize the material after placement of
the top layer. Revegetation would proceed after compaction.

Discussion of Similar Projects. Concern for suspended sediment
control has dictated that construction practices similar to those
proposed for the hydraulic approach to Scenario 5 be used. A
partial dam removal and reconstruction project conducted in 1986
through 1988 by B.C. Hydro in British Columbia successfully
employed the elements of construction described above.
Downstream water use was nearly identical to the Elwha, including
fisheries, domestic, and pulp mill users.

Turbidity (suspended sediment) standards during construction were
developed and enforced by the Government of Canada's Department
of Fisheries and Oceans (DFO). Fine material was dredged and
redeposited in the reservoir under water upstream of an earthen
dam. Turbidity monitoring devices located at the dam monitored
turbidity levels as water passed over the dam. Requirements set
by DFO allowed turbidity levels to increase by 25 mg/1 over the
levels of the undisturbed water (background levels) flowing into
the reservoir. A monitoring device was placed upstream of the
construction site to determine inflow turbidity levels.
Discussions with B.C. Hydro and DFO indicate that construction
was halted, briefly, only two times due to unacceptable turbidity
levels.
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Advantages

This approach would produce the least amount of suspended
sediment due to construction, of the approaches
investigated

.

This is potentially the least cost approach. Uncertainties
presented in the Erosion approaches make cost estimations
and comparisons difficult.

The time required is relatively short. With adequate
manpower and equipment, construction could be conducted
simultaneously at both dams and completed in 3 to 5 years.

This approach has been used on other similar projects.
Cost, schedule, configuration of the final project and water
quality estimates would be based on past performance.
Results would be predictable.

Disadvantages

Material would remain near present locations in Olympic
National Park.

Heavy equipment (dredging) would be required to conduct the
work. This could result in minor temporary impacts to noise
and air quality.

Use Erosion to Relocate Material Adjacent to New River Channel.
An investigation was conducted to determine the potential to use
river erosion to relocate granular material into new river
channel overbank areas. The objective was to determine the
potential for cost savings resulting from using river transport
capacity to move delta material instead of using dredges or
mechanical earth moving techniques. This approach proved not to
be technically feasible as a stand alone approach. To some
extent material can be relocated using river transport, however,
other methods, mechanical or hydraulic, would have to also be
employed to remove required sediments. Scenario 6 describes a
method using dredges to relocate eroded material from the delta.

SCENARIO 6 - Erode Delta to Stable Profile, Retain and Relocate
Gravel, Silt and Clay in Lake Area

Lake Mills
Naturally erode coarse material in delta to stable slopes;
use hydraulic dredges to relocate in reservoir.
Fine material relocated in reservoir.

Lake Aldwell
Use hydraulic dredges to relocate coarse and fine material
in reservoir.
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Costs and impacts to the riverine area in the Park could be
reduced if most of the material in the delta area of Lake Mills
were to remain in place. Scenario 6 seeks to establish the
location of a stable riverbed elevation through the delta created
by erosion which would move the least amount of material. While
the vertical location of the riverbed would not be stable
indefinitely as no feature of the river is, it was assumed for
this investigation that change would occur slowly after the
bottom was armored and the side slopes were protected in the
delta area.

The volume of material relocated from Lake Mills delta presented
in this approach, would be the smallest quantity that could be
removed and still maintain a stable riverbed location. Scenario
6 differs from Scenario 5 in its use of river flow to erode a
channel through the delta and that it moves a smaller quantity of
material from the delta than Scenario 5.

Drawdown experiments performed by the dam owner at Lake Mills
(Hosey 1990) confirmed that the river has sufficient energy to
cut through the heavier delta sediments and carry them a short
distance downstream. Also, the river cuts a vertical notch
through the sediments, which results in an unstable slope
condition. Mass excavators would be used to push the side slope
material into the river to create stable channel contours.
Eroded material would either be stabilized or relocated to form
containment cells.

Control of the erosion process would be managed and aided by the
uses of submersible pump dredges. Most eroded material would not
be transported to locations required for containment cell
construction. Submersible dredges would be used to relocate this
material to form containment cells.

HEC-6 studies indicate the riverbed would become stable at
approximately 0.6% through the center of the delta. At the
upstream and downstream ends of the delta, the slope stabilized
at approximately 3% slope and occurred approximately one year
after the erosion process had begun.

Several channel sizes were investigated to determine the effects
of width on stability. Ranges from 150 to 500 produced about the
same results. A 250' channel was used for cost and construction
investigations through the delta region. Side slopes would be
formed at 4 horizontal to 1 vertical. This configuration would
require the removal of approximately 3.3 million cubic yards of
material from the delta.

The outlet of the erosion channel would be directed to the left
overbank of the downstream channel. Submersible pump dredges,
operated by a barge mounted crane, would be positioned near the
channel outlet. As the sediment is deposited, the dredged
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material would be pumped through a flexible sediment pipeline and
redeposited downstream on either side of the transitional delta
erosion channel. As the lake level is incrementally lowered,
eroded material would create an extension of the erosion channel.
Two dredges would be required during this procedure with a third
barge used for positioning guy wires of the dredge barges.

As the controlled erosion and deposition proceeded downstream,
the containment cells would be constructed. Existing stable
canyon walls would form one wall of the cell. The berms created
by redepositing dredged material would act as the remaining cell
walls. Final shaping and grading of the containment cells would
be accomplished by mechanical equipment completed in the dry.

Delta material is predominantly coarse material mixed with as
much as 25% fines. Erosion of the delta would introduce these
fines into the water column. Analysis indicates that over the 12
month erosion period, suspended sediment concentration levels
past Glines Canyon Dam would average 17 8 ppm, peaking at 1359 ppm
during high flow periods. These estimates are based on
assumptions about background turbidity levels above the dams.
Data on natural background turbidity levels (without dams) has
not been gathered. Due to the low dam trapping capacity for clay
sized particles (10% estimated by HEC-6), background turbidity
levels could vary widely and not significantly affect results
predicted material volumes trapped in the reservoirs.

Fine sediment from the lower reaches of the lakes would be
removed after erosion of the delta was complete. Fine sediments
would be dredged prior to lowering lake levels and pumped into
previously constructed containment cells.

Dredges can be expected to move from 60 to 100 cy of solids per
hour. At this rate, two dredges could remove the 2.8 million
cubic yards of fine sediment in the proposed channel within an 18
month period if operating 2 hours per day. The dredges would be
maneuvered from a sectional barge using a small crane. Guy wires
and winches are used for barge positioning.

Advantages

Less delta material is relocated than in other approaches.
Relocating less material should result in lower costs.

Turbidity levels in the downstream river would be smaller
than those for the Erosion approaches because only material
in the delta would be eroded.

Disadvantages

Accurate prediction and cost and construction effort
estimates would be difficult to develop.
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Erosion of the delta would inherently increase the levels of
turbidity during construction. When compared to Scenario 5,
approximately 500,000 more cubic yards of material (due to
silt and clay trapped in the delta area of Lake Mills) would
be introduced into suspension.

No certain method (without artificially armoring the
channel) is available to ensure the predicted river profile.
Upon achieving the predicted "stable" channel profile,
construction personnel would probably be required to be on
standby for some time to help secure banks from
unanticipated erosion caused by shifts in the channel.

4. COMBINATION APPROACHES: The previous discussions delineate
various basic approaches to sediment management. Combinations of
these basic approaches are also possible. While many conceivable
combinations would be possible not all would be practical from
construction, cost and environmental perspectives. Scenarios 7

through 9 suggest other possible combinations (see Figure F-32).

SCENARIO 7

Lake Mills
Coarse material eroded to stable condition and relocated
in reservoir.
Fine material eroded to saltwater.

Lake Aldwell
Coarse material relocated in reservoir.
Fine material eroded to saltwater.

The elements of this approach have been previously discussed.
This Scenario would use river flow to erode and carry fine
material to the Strait of Juan de Fuca. Dredges would remove
fine material in the lake bed areas and pump them directly into
the river for transport. Coarse material in the Lake Mills delta
would be eroded to a stable profile as discussed in Scenario 6.
Coarse material transported into the lakebed areas would be
relocated by hydraulic dredges or mechanical equipment. In Lake
Aldwell, coarse material erosion would not be effective. Dredges
would be used relocated delta material.

Advantages

Less delta material is relocated than in other approaches.
Relocating less material should result in lower costs.

All lakebed material would be removed from the reservoirs.
Except for the total removal approaches (Scenarios 1, 2, 8,
and 9), this approach would produce the widest floodplain in
the Lake Mills area. Greater area would result from
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removing all lakebed material and relocating smaller
quantities (approximately 3.3 million cy) of delta material.

Disadvantages

Accurate prediction and cost and construction effort
estimates would be very difficult to develop.

Turbidity levels would be high during removal of the silt
and clay, so water users would require temporary protection.

No certain method (without artificially armoring the
channel) is available to ensure the proper profile. Upon
achieving the predicted "stable" channel profile,
construction personnel would probably be required to be on
standby for some time to help secure banks from
unanticipated erosion caused by shifts in the channel.

SCENARIO 8 - Remove Delta Material to Terrestrial Site, Erosion
of Fine Material

Lake Mills
Remove all coarse material in reservoir to terrestrial
site.
Fine material eroded to saltwater.

Lake Aldwell
Remove all coarse material in reservoir to terrestrial
site.
Fine material eroded to saltwater.

Scenarios 8 and 9, like Scenarios 1 and 2, remove all trapped
material from the lake areas. Mechanically removing material is
an expensive approach. By washing part of the lakebed material
downriver, costs can be reduced. Relocating and stabilizing
lakebed material, either by hydraulic dredging or by mechanical
excavation, is difficult due to the nature of the material.

In Scenarios 1 and 2, considerable time would be required for the
material to drain and stabilize before it could be mechanically
excavated. Scenarios 8 and 9 would eliminate the need to
stabilize this material. A variation of this approach would
relocate only a portion of the delta material upland. Cost
estimates were prepared by combining information developed by the
dam owner and estimates made as part of this report.

Advantages
These approaches use techniques that have been used in the
past on other similar projects. Construction techniques are
predictable and controllable.
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The final configuration in the Lake Mills are after all
removal would closely approximate predam conditions.
Spawning habitat in the lake regions could be restored.
Most of the material would be removed from the affected
areas

.

Disadvantages

Although analytical tools are available to help predict the
location of the eroded river profile, anticipating
construction effort and developing cost estimates would be
very difficult.

Erosion would inherently increase the levels of turbidity
during construction. Turbidity levels are predicted to be
as high as 1500 mg/1 during the erosion process. Increased
suspended sediment levels could significantly impact fish
habitat and health during the removal period, cause impacts
to living marine resources, and impact water quality for the
pulp mills. Water supplies would probably need to be
modified or relocated.

SCENARIO 9 - Remove Delta Material to Saltwater Site, Erosion
of Silt and Clay

Lake Mills
Remove all coarse material in reservoir to saltwater site.
Fine material eroded to saltwater.

Lake Aldwell
Remove all coarse material in reservoir to saltwater site.
Fine material eroded to saltwater.

Scenario 9 is identical to scenario 8 except that delta material
would be deposited in saltwater. Cost for this approach would
increase when compared to Scenario 8 because of the additional
handling effort required. However, if an acceptable deposition
site could be found, impacts might be decreased.

5. COST ESTIMATES: As a basis for comparison, reconnaissance
level cost estimates based on 1992 dollars were prepared for all
of the Sediment Management scenarios discussed in this report.
Costs include a minimum of 25% contingency factors.
Contingencies are higher for approaches using Erosion because the
process is inherently more difficult to control and estimate.
Although the data are incomplete, the best available information
(Hosey 1990) was used in approximating sediment characteristics,
gradations, and volumes, although Hosey (1990) did not gather
sufficient data in Lake Aldwell to develop accurate cost
estimates. Accurate estimates of the composition and volume of
trapped sediment and are not available at this time. Results
from the HEC-6 analysis were used to estimate volumes based on
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river erosion capabilities, suspended sediment levels, sediment
transport potential, and aggradation locations in the river.

Itemized costs for Scenario 1 and Scenario 2 were taken from
Hosey (1989). However, total sediment removal costs, summarized
below, are different from those in Hosey (1989) due to exclusion
of revegetation cost and differences in the estimated quantities
of material required to be removed. All estimates include
engineering, construction management, profit, and contingencies.
Permitting and river revegetation costs were not included in
these estimates. Revegetation costs can be found in Appendix H.

Costs for the Erosion approaches, Scenarios 3 and 4, were based
on the assumption that material trapped between the dams or
downstream of the Elwha dam would need to be managed with dredges
or mechanical equipment. Contingencies for these approaches were
high due to uncertainties that exist when predicting flows and
sediment transport capabilities of the river. No cost for future
river maintenance is included in the cost estimates. For Removal
estimates, no maintenance should be required. The extent of
future river maintenance would depend on the level of scour
protection incorporated into the design for Retention approaches.

Construction procedures and costs for Retention, Scenario 5, were
investigated in the greatest detail. Construction costs are
based on current dredging technology. The applicability of these
methods for this application is supported by the results obtained
from similar projects. Unit costs for equipment and operation
were taken from discussions with dredging contractors, equipment
suppliers, and estimating manuals. Scenarios 6 through 9 combine
unit costs developed for the previous five scenarios.

6. RECOMMENDED APPROACH: Four approaches to Dam Removal and 9

approaches to Sediment Management have been presented and
discussed. These approaches attempt to investigate the range of
practical solutions to dam removal and to river restoration on
the Elwha River. When these approaches are combined, the cost of
Dam Removal plus Sediment Management ranges from $66.7 to $236.1
million. The higher cost is associated with total removal of
trapped material, Scenario 2. The significant cost savings
associated with Scenarios 5, 6 or 7 for Sediment Management would
appear to justify further investigation of these approaches.
Assuming one of these approaches is used and the least expensive
approaches to Dam Removal are used, the cost range for both
activities should be $66.7 to $80 million.

Without specific design criteria and objectives, final
recommendations for a specific Sediment Management solution
cannot be made. However, based on the considerations discussed
above, three approaches for Sediment Management appear to provide
the most desirable results. Scenario 7 is the least cost
approach and it retains the least amount of trapped sediment in
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the Lake Mills area except for the Removal approach. However,
further study of protection to river water users during
construction is necessary. To a lesser extent, Scenario 6 would
also be limited by these same issues. If protection of
downstream water users could be provided, Scenarios 6 and 7

should be investigated further.

This report considers Scenario 5 to offer the greatest protection
to water users. However, this scenario would not restore the
reservoir areas to their pre-dam condition since large quantities
of sediment would remain in the lake areas. On the other hand,
the river channel created under Scenario 5 would be sufficient to
safely accommodate flood flows, allow the passage of fish,
support revegetation, and remain relatively maintenance free.
Long-term stability of the channel would depend on the
objectives. Erosion and scour protection of relocated sediments
is included as part of the cost estimates presented.
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ELWHA RIVER RESTORATION
17-Aug-93

COST ESTIMATE SUMMARY

SCENARIO 1

(Itemized costs taken from Hosey Report, Dec. 1, 1989)

Lake Mills

- Excavate all fine lakebed material and granular delta material

- Haul material to upland disposal site

Lake Aldwell

- Excavate all fine and granular material and haul to upland site

Task Description

Lake Mills

Disposal site

Transp. & Facilities

Load and Haul material

Contingency

Overhead

Profit

Tax

Subtotal Lake Mills

Lake Aldwell

Load and Haul material

Disposal site restoration

Contingency

Overhead

Profit

Tax

Subtotal Lake Aldwell

Engineering and Construction Management

Total Cost - Scenario 1

Total Material Excavated

Unit Cost Per Cubic Yard - Scenario 1

11,150,000 CY

2,560,000 CY

Cost

$2,000,000

$6,303,900

$37,575,500

25% $1 1 ,469,850

10% $4,587,940

8% $3,670,352

8% $5,248,603

$70,856,145

$6,912,000

$2,000,000

25% $2,228,000

10% $891 ,200

8% $712,960

8% $1,019,533

$13,763,693

15% $12,692,976

$97,312,814

13,710,000 CY
$7.10
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SCENARIO 2

(Itemized costs taken from Hosey Report, Dec. 1 , 1 989)

Lake Mills

- Excavate all fine lakebed material and granular delta material

- Haul material to open water disposal site

Lake Aldwell

- Excavate all fine and granular material and haul to open water site

Task Description

Lake Mills

Barge Facility

Transp. & Facilities

Load and Haul material

Barge to Disposal Site

Contingency

Overhead

Profit

Tax

Subtotal Lake Mills

Lake Aldwell

Load and Haul material

Barge to disposal site

Road and Barge Facility Restor.

Contingency

Overhead

Profit

Tax

Subtotal Lake Aldwell

Engineering and Construction Management

Total Cost - Scenario 2

Total Material Excavated

Unit Cost Per Cubic Yard - Scenario 2

25%
10%
8%
8%

15%

11,150,000 CY

2,560,000 CY

Cost

$2,600,000

$12,106,880

$50,175,000

$27,875,000

$23,189,220

$9,275,688

$7,420,550

$10.611.387

$143,253,725

$8,704,000

$6,400,000

$1 ,203,000

25% $4,076,750

10% $1,630,700

8% $1,304,560

8% $1,865,521

$25,184,531

$25,265,738

$193,703,995

13,710,000 CY
$14
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SCENARIO 3

Lake Mills 3,745,000

- Erode 1/4 of 7.3 mcy of gravel & 1/2 of 3.84 mcy of silt & clay material 7,401 ,750

- Dredge the remaining material into the river flow

Lake Atdwell

- Erode 1/4 of 1 .47 mcy gravel & 1/2 of 1 .09 mcy of silt & clay of material 91 2,500

- Dredge the remaining material into the river flow 1 ,647,500

Midriver and downstream ofElwha dam
- Mechanical maintenance of aggraded material over 15 year period

- Assume 25% of gravel volume dredged again twice 4.385.000

Total Material Dredged 9,042,500 CY
Material Dregded for River Maintenance 4,385,000 CY

Task Description Cost

Lake Mills & Lake Aldwell

Sediment erosion and dredging $23,889,081

River Maintenance $1 1 ,584,586

Transp. & Facilities 11.2% $3,973,051

Mobilization 15% $5,917,008

Contingency 50% $22,681 ,863

Overhead 10% $4,536,373

Profit 8% $3,629,098

Tax 8% $6.096.885

Subtotal Lake Mills and Aldwell $82,307,944

Engineering and Construction Management 15% $12,346,192

Total Cost - Scenario 3 $94,654,136

Total Material Removed 13,427,500 CY
Unit Cost Per Cubic Yard - Scenario 3 $7.05
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SCENARIO 4

Lake Mills

- dredge lakebed material past dam
- sediment will be transported in river as suspended sediment

- granular material in delta eroded to create 250' channel at 0.6% slope

- tine sediment in washed out of granular material

- dredge granular delta material from Mills and relocate in Lake Aldwell

- 35% of fine Mills lakebed sediment trapped by Lake Aldwell

- 35% of fine sediment washed from Mills delta material trapped in Lake Aldwell

3,840,000 CY

3,340,000 CY
(835.000) CY

2,505,000 CY

1,344,000 CY
292,250 CY

Lake Aldwell

- trap fine material washed out from Lake Mills

- existing fine lakebed material in Lake Aldwell

- dredge fine material past dam and washout

- Total available storage volume in Lake Aldwell before sediment relocation

- Aldwell material relocated in upper reaches of Aldwell to create 500' channel

- Available storage for material piped from Lake Mills

- Imported slope protection material (rip rap) required

TASK DESCRIPTION

Lake Mills

Dredge fine sediment

Pump sediment over dam
Dredge course sediment

Pipeline from Lake Mills to Aldwell

Lake Aldwell

Dredge fine sediment

Pump sediment over dam
Dredge and retain course sediment

Slope protection

Subtotal Lake Mills and Aldwell

Transportation and Facilities

Mobilization

Contingency

Overhead

Profit

Tax

Engineering and Construction Management

Total Cost - Scenario 4

3,840,000 cy

3,000 If

2,505,000 cy

52,800 If

2,726,250 cy

5,000 ft

890,000 cy

76,500 cy

1,636,250 CY
1.090.000 CY
2,726,250 CY

3,500,000 CY
(890.000) CY

2,610,000 CY

76,500 CY

COST

$2.64 $10,144,769

$370 $1,111,000

$2.64 $6,617,877

$765 $40,377,500

$2.64 $7,202,390

$370 $1,851,667

$2.64 $2,351 ,262

$23.00 $1.759.500

$71,415,963

$7,801,524

15% $11,882,623

25% $22,775,027

10% $11,387,514

8% $9,110,011

8% $10,749,813

15% $21,768,371

$166,890,846

Total material dredged

Unit Cost Per Cubic Yard Scenario 4
112
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SCENARIO 5

Lake Mills

- Dredge delta sediments to lower lake into berms

- Create channel 250' into 500' wide at end of delta

- Retain fines in sediment berms

Lake Aldwell

- Relocate to create a channel 500' wide through delta

- Relocate fines in sediment berms

Task Description

Lake Mills

Transportation and staging

Facilities

Delta Material Relocation- Phase 1

Lakebed Dredging - Phase 2

Mobilization

Contingency

Overhead

Profit

Tax

Subtotal Lake Mills

Lake Aldwell

Transportation and staging

Facilities

Delta Material Relocation - Phase 1

Lakebed Dredging - Phase 2

Mobilization

Contingency

Overhead

Profit

Tax

Subtotal Lake Aldwell

Engineering and Construction Management

Total Cost - Scenario 5

Total Material Relocated

Unit Cost Per Cubic Yard - Scenario 5

4,100,000 CY
2,300,000 CY

890,000 CY
1,090,000 CY

Cost

$321,250

$122,327

$15,901,821

$6,045,343

$2,165,059

25% $6,138,950

10% $3,069,475

8% $2,455,580

8% $2,897,584

$39,117,390

$188,000

$78,297

$6,198,195

$2,327,762

$1,002,100

25% $2,448,589

10% $1,224,294

8% $979,435

8% $1,155,734

$15,602,407

15% $8,207,969

$62,927,766

8,380,000 CY

$7.51
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SCENARIO 6

Lake Mills

- Erode delta sediments to stable slope

- Relocate to create channel 250' wide at 0.6% slope

- Retain fines in sediment berms

Lake Aldwell

- Relocate to create a channel 500' wide through delta

- Relocate fines in sediment berms

3,340,000 CY
2,800,000

CY

890,000 CY
1,090,000 CY

Task Description

Lake Mills

Transportation and staging

Facilities

Delta Erosion

Lakebed dredging

Mobilization

Contingency

Overhead

Profit

Tax

Subtotal Lake Mills

Lake Aldwell

Transportation and staging

Facilities

Delta Erosion

Lakebed dredging

Mobilization

Contingency

Overhead

Profit

Tax

Subtotal Lake Aldwell

Engineering and Construction Management

Total Cost - Scenario 6

Total Materail Relocated

Unit Cost Per Cubic Yard - Scenario 6

Cost

$321,250

$154,308

$13,006,851

$7,519,089

$1 ,677,500

25% $5,669,750

10% $2,834,875

8% $2,267,900

8% $2,676,122

$36,127,644

$85,603

$41,118

$5,063,381

$2,003,590

8% $575,495

20% $1,553,837

10% $932,302

8% $745,842

8% $880,093

$11,881,262

15% $7,201 ,336

$55,210,242

8,120,000 CY

$6.80
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SCENARIO 7

Lake Mills

- Dredge fine material from lake bed

- Erode delta to create channel 250" wide at 0.6% slope

- Relocate eroded delta material to create river channel in lake area

Lake Aldwelf

- Relocate delta material to create a channel 500' wide through delta

- Dredge fine lakebed material into river and washout

3,843,000

3,340,000

890,000

1 ,090,000

CY
CY

CY
CY

Task Description

Lake Mills

Transportation and staging

Facilities

Phase 1 Lakebed Sediments Removal

Phase II Delta Materail Removal and Relocation

Mobilization

Contingency

Overhead

Profit

Tax

Subtotal Lake Mills

Lake Aldwell

Transportation and staging

Facilities

Phase 1 Lakebed Sediments Removal

Phase II Delta Materail Removal and Relocation

Mobilization

Contingency

Overhead

Profit

Tax

Subtotal Lake Aldwell

Engineering and Construction Management

Total Cost - Scenario 7

Total Material Dredged

Unit Cost Per Cubic Yard - Scenario 7

Cost

$321,250

$160,665

$8,213,345

$11,906,163

$1,645,494

25% $5,561 ,729

10% $2,780,865

8% $2,224,692

8% $2,625,136

$35,439,339

$74,398

$37,208

$1,902,128

$2,757,347

8% $381,687

25% $1,288,192

10% $644,096

8% $515,277

8% $608,027

$8,208,360

15% $6,547,155

$50,194,853

9,163,000 CY

$5.48

115



SCENARIO 8

Lake Mills

- Excavate all granular delta material

H haul material to upland disposal site

- dredge and washout all fines in lakebed

Lake Aldwell

- excavate granualr delta material and haul to upland site

- dredge and washout all fines in lakebed

Task Description

Lake Mills

Preparation of Upland site

Transp. & Facilities

Load and Haul delta material

Lakebed washout

Contingency

Overhead

Profit

Tax

Subtotal Lake Mills

Lake Aldwell

Load and Haul delta material

Washout lakebed

Disposal site restoration

Contingency

Overhead

Profit

Tax

Subtotal Lake Aldwell

Engineering and Construction Management

Total Cost - Scenario 8

Total Material Removed - Scenario 8

Unit Cost Per Cubic Yard - Scenario 8

7,309,000 CY

3,843,000 CY

1,470,000 CY
1,090,000 CY

Cost

$2,000,000

$6,303,900

$26,107,896

$10,152,694

25% $11,141,123

10% $4,456,449

8% $3,565,159

8% $5,098,178

$68,825,398

$5,250,870

$2,879,635

$2,000,000

25% $2,532,626

10% $1,013,050

8% $810,440

8% $1,158,930

$15,645,551

15% $12,670,642

$97,141,592

13,712,000 CY

$7.09
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APPENDIX 6

FISH RESTORATION PLAN

I. Introduction

This plan provides a description, timeline, and cost estimate to
achieve full restoration of Elwha River native anadromous
fisheries under the assumption that the Elwha and Glines Canyon
dams are removed, and builds on all available information
generated over the past decade. Also, this plan allows for the
incorporation of new information developed during current and
future fisheries investigations. Fish restoration activities
described in this plan would begin in 1994, upon Congressional
approval, and continue for 18 years thereafter to complete
activities related to fish stock assessment, hatchery brood
development, reintroduction by juvenile outplanting and other
means, and interim and final evaluations of the effort.

The 10 fish stocks that historically used the Elwha River basin
prior to construction of the dams are addressed, including winter
and summer steelhead, sea-run cutthroat trout and native char
(Dolly Varden and bull trout), spring and summer/fall chinook,
coho, pink, chum, and sockeye salmon. For the purposes of this
plan, a fish stock is considered a discrete population which does
not interbreed to any substantial degree with any other stock due
to separation in space and/or time from other stocks (WDF et al.
1993). Also, this plan assumes:

• Anadromous fish would not be reintroduced in the upper Elwha
River until safe downstream passage at the dam sites is
assured.

• The viability of lower river fish habitat and fish facilities
(Figure G-l) during dam removal depends on the sediment
management scenario employed. Potential measures (i.e., the
development of "clean" water sources for the fish facilities,
captive broodstock collection for affected species) may be
available to mitigate temporary impacts (e.g., high turbidity,
sediment deposition) during dam removal.

• Juvenile outplanting is desirable to reintroduce most fish
stocks in the upper basin because 1) outplanting would markedly
accelerate the reintroduction of anadromous fish to the upper
river compared to natural recolonization, and 2) outplanting
would permit, in certain cases, selective reintroduction of
stocks that may be better suited to sustained natural
production in the Elwha River than those that presently exist
in the lower river.

More than one option for restoring most fish stocks is presented.
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This approach should improve the prospects for fully restoring
all anadromous fisheries in the shortest time. Anadromous fish
released in previously inaccessible habitat may require varying
amounts of time and variable levels of outplanting before full
utilization of the habitat can be expected.

Although not a primary option in most cases, reliance on natural
recolonization has been included in all instances where existing
runs are present. Under this option, adult fish can be expected
to penetrate the upper drainage and reestablish themselves over
varying lengths of time once access is provided. This approach
can be effective, as demonstrated on the South Fork of the
Skykomish River where new habitat became available to adult
salmon above Sunset Falls. Runs of chinook and pink salmon were
largely established by allowing adults access to this new
habitat, as opposed to intensive juvenile outplanting of these
species (Seiler 1991).

More than one option is presented for restoring most fish stocks
with all options described in priority order. Restoration
efforts would initially be directed towards all options, but
those options that demonstrate the most promise would be pursued
based on the priority shown. For two fish stocks (sea-run
cutthroat trout and native char), natural recolonization is the
only restoration option presented. This is due to the belief
that these fish will fully recover on their own. The lack of
hatchery support facilities for these stocks in the Elwha River
basin is also a consideration.

II. Restoration Options

Principal restoration activities for all stocks (except sea-run
cutthroat and native char) fall into five general categories, for
which timelines and costs follow.

Stock status assessment. Additional stock status information is
needed to determine the suitability and availability of most
Elwha stocks for restoration. Although use of native fish stocks
should yield the greatest adult return (Reisenbichler 1988,
Nickelson et al. 1986) and native stock is the first priority in
restoration options (when available), past hatchery introductions
and loss of upriver habitat have significantly reduced or
eliminated a number of native Elwha fish stocks. Stock status
assessments are a necessary first step in identifying and
developing the most promising sources of broodstock for
restoration. These activities would occur in advance of dam
removal, if possible, so sources of fish are available for
outplanting at the first opportunity following dam removal.

Broodstock development and maintenance. Hatchery support is
necessary to develop broodstock for juvenile outplanting. For
this purpose, the two existing fish facilities in the lower river
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(Washington Department of Fisheries
'
(WDF) Rearing Channel and the

Lower Elwha S'Klallam Tribe's (LET) Hatchery) would be improved
to produce juvenile fish for outplanting. Use of facilities
within the basin reduces logistical costs of fish transfer and
the possibility of future fish transfer restrictions due to fish
disease concerns. Facility modifications would include
improvements to water supplies and upgrades in incubation and
support capabilities as noted under COSTS.

Fish collections for brood development would rely on traditional
netting and/or hook-and-line sampling. A reconnaissance
engineering survey (Rainey 1993) indicated little potential for
temporary weirs or similar devices for collecting salmon and
steelhead brood in the lower Elwha River.

Outplanting. Outplanting of all stocks would occur for two
cycles (8 to 10 years, to allow for uncertainty in stock
availability) at levels consistent with carrying capacity.
Carrying capacity estimates are based on Hosey and Associates
(1988) habitat surveys. Stocks with potentially long rearing
between outplanting and emigration would be planted in the low
range of their expected carrying capacity, while pre-smolts would
be planted at or near carrying capacity. Any additional planting
considerations are noted below by stock.

For outplanting purposes, the river basin was divided into
reaches believed most suitable for initial reintroduction of each
stock. The Carlson Canyon Falls (RM 34) was considered the
division between spring and summer/fall chinook salmon habitat
and between summer and winter steelhead habitat. The Rica Canyon
entrance (RM 16) was considered the upper limit of pink and chum
salmon habitat. No outplanting would occur above reported
natural barriers

.

Outplanting methods would vary by location. Above RM 16,
outplanting of all stocks would occur by helicopter airlift
(Wunderlich et al. 1993) due to a lack of road access. Below RM
16, outplanting would occur by conventional tank truck.

Temporary conditioning, or acclimation, ponds would be employed
where possible for chinook and steelhead presmolt outplants to
increase survival and adult returns to the vicinity of the ponds.
Such ponds would consist of side channels fitted with temporary
water control structures to allow short-term (approximately one
month) holding and rearing prior to initial emigration.

Harvest Management. Management of impacting fisheries is an
integral part of fisheries restoration. Over the rebuilding
period, harvest rates would be phased down on stocks presently
supported by hatchery production (summer/fall chinook salmon,
coho salmon, winter and summer steelhead) to a level conducive to
wild production. Guidelines for achieving these harvest

121



management goals are found in the Puget Sound Salmon Management
Plan and the draft Salmon and Steelhead Management Plan for
Strait of Juan de Fuca Terminal Areas

.

Primary harvest management responsibilities are shared by the
State of Washington (WDF and WDW), the Tribes, and Olympic
National Park. More specifically, the Lower Elwha S'Klallam
Tribe has the primary responsibility for managing tribal
fisheries in the Elwha River and other terminal areas in the
Strait of Juan de Fuca. WDF and WDW are responsible for the
management of marine and freshwater (outside the Park) non-tribal
salmon and steelhead fisheries, while Olympic National Park is
responsible for managing non-tribal fisheries within Park
boundaries

.

Although the State and Tribes have the primary harvest management
responsibilities in marine waters, harvest management actions
must be coordinated with the Pacific Fisheries Management Council
and the Pacific Salmon Commission. In addition, the State and
Tribes shall consult with the Elwha Restoration Interagency Team
(yet to be formally authorized) on a regular basis.

Evaluation. Evaluation is a necessary and integral component of
the restoration plan. Evaluation components include selection of
appropriate brood sources where more than one potential source
exists, refinement of the restoration plan as more information on
existing stock status becomes available, and determination of the
effectiveness of reintroduction measures as indicated by adult
returns or, in some cases, smolt output and survival (i.e., coho
salmon and steelhead).

A summary of restoration options for all stocks appears in Table
G-l, and a detailed description of each restoration option
follows. A timeline of restoration activities for all options
appears in Table G-2 and an outplanting program for all stocks
appears in Table G-3 . For reference, a brief summary of current
Elwha stock status precedes each stock's restoration options.
Additional information on Elwha fish stock status is available in
WDF et al. (1993) .

A. WINTER STEELHEAD

Elwha Stock Status. The early portion of the winter run
steelhead (December through March) is largely based on LET
hatchery production of non-native stock, while the late portion
of the winter run steelhead (mid-February through June) is
considered a mixed 1

, wild 2 stock which is depressed 3 because of

1 Originating from commingled native and non-native parents

.
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habitat loss associated with the Elwha dams (WDF et al. 1993).
Escapement of late-run winter steelhead is unknown.

Option 1A: Develop a native run from the upper river rainbow
trout population. Olympic National Park, in association with the
Seattle National Fishery Research Center of the U.S. Fish and
Wildlife Service (FWS), proposed a cooperative brood development
project for restoration of Elwha winter steelhead using the
existing rainbow trout population in the upper river as a
steelhead brood source (Meyer 1992). Genetic work conducted by
Reisenbichler and Phelps (1989) revealed that these trout may be
descendants of the original Elwha steelhead which were trapped in
the upper river when Elwha Dam closed. Steelhead smolts recently
collected in the Eicher fish screen at Elwha Dam may have
originated from the upper river rainbow trout population (Stone
and Webster Engineering Corporation 1991). This is plausible, as
analogous rainbow/steelhead populations are suspected to exist
above manmade barriers in the mid-Columbia River, and these
headwater rainbow trout populations are believed to produce
steelhead smolts (Mullan et al. 1992).

Adult rainbow trout from the upper river would be captured for
one cycle (4 years) beginning in the spring of 1993 from the
Elkhorn Ranger Station (RM 25) and above, where Reisenbichler and
Phelps (1989) suggested the presence of native Elwha steelhead.
These fish would be transferred to the LET hatchery for spawning,
and their progeny would be coded-wire-tagged and released as
smolts. Smoltification indicators (ATPase, saltwater challenge,
morphometric and coloration changes) would be monitored in all
juveniles to determine the optimal time of smolt release.
Anadromous adults returning from these releases would be used as
a source of broodstock for outplanting below RM 34.

Option IB: Rely on upper river rainbow trout population to
reestablish native run. Pursued concurrently with Option 1A,
this option also relies on development of a native run from the
upper river rainbow trout population. Steelhead smolts
emigrating from the upper river would be trapped at the Elwha Dam
Eicher screen or by scoop trap at RM 11 to determine their
potential for reestablishing a native winter run.

The source and magnitude of smolt output would be assessed.
Smolts would be examined for smoltification indices and compared
to the upper river rainbow population by means of
electrophoresis. Electrophoresis would assist in determining the

2 Sustained by natural spawning and rearing in the natural
habitat.

3 Production is below expected levels based on available
habitat.
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influence of non-native rainbow trout that were released in the
upper river from at least 1949 to 1975 (Wunderlich 1992). The
magnitude of the outmigrant population would be estimated from
trap efficiency data (Wunderlich et al. 1989) or dam passage data
(Wunderlich and Dilley 1986), depending on collection site.

If the outmigrating population appears to be the native stock and
sufficient numbers are available, subsequent collections would be
coded-wire-tagged to determine survival and return timing. If
smolt output were sufficient and return timing were consistent
with a winter run, this option would ultimately rely on natural
reestablishment of the run after dam removal.

Option 2: Enhance late-run, lower river stock. This option,
pursued concurrently with Options 1A and IB, involves evaluation
and enhancement of the existing late-run stock in the lower river
followed by outplanting after dam removal. The existing late-run
stock is known to be primarily of wild origin (WDF et al. 1993,
Winter 1989, Wunderlich and Hager 1993). However, additional
information on genetic composition is needed to determine how
close it may be to the original Elwha stock and its availability
for restoration. This information would be gathered incidental
to the LET spring chinook gillnet study (described below)
beginning in spring of 1993. Incidental catches of late-run
steelhead in this fishery would allow estimation of run strength
and evaluation of brood collection techniques. Because of the
depressed status of this stock, non-lethal electrophoretic
sampling (Robbins et al. 1988) would be employed, if feasible, to
determine the genetic makeup of late-run steelhead.

As an added measure to conserve the remaining wild stock during
evaluation and brood development, winter run hatchery releases
from the LET hatchery would be marked (adipose-clipped) beginning
in 1994. Management could then institute catch-and-release for
wild stock in the lower river steelhead fishery.

Option 3: Import a suitable Olympic Peninsula stock.
Concurrently with all of the above options, suitable Olympic
Peninsula stocks would be screened for possible introduction in
the Elwha River. Criteria for use would include availability for
transfer in terms of abundance and agreement with other
management entities (State and tribal), and whether fish health
guidelines for inter-zone transfer could be successfully met.
Although screening of potential stocks would proceed concurrently
with all of the above options, a stock would not be imported
unless Options 1 and 2 did not meet expectations.

Option 4: Rely on natural recolonization by lower river stock.
Natural recolonization of the upper river is expected to occur
over an uncertain time period once access to the upper river is
reestablished. Because of the strong non-native influence in the
early returning portion of the run due to the hatchery program,
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this option is considered least desirable.

B. SUMMER STEELHEAD

Elwha Stock Status. Although escapement is unknown, summer run
steelhead are considered depressed due to the loss of habitat
associated with the Elwha dams (WDF et al. 1993). As well, the
Washington Department of Wildlife (WDW) annually releases non-
native summer steelhead (Skamania stock) in the lower river from
the Bogachiel Rearing Ponds.

Option 1A: Develop a native run from the upper river rainbow
trout population. This option is the same as Option 1A for
winter steelhead, except that outplanting would occur above RM
34. It is possible that a component of the landlocked rainbow
trout population in the upper watershed would display summer
return timing, which could then be used for eventual outplanting
following the same schedule as winter steelhead (Table G-2).
Activities involved in option 1A for winter steelhead thus apply
to both winter and summer steelhead brood development.

Option IB: Rely on the upper river rainbow trout population to
reestablish native run. This option is the same as Option IB for
winter steelhead. As noted above, it is possible that a
component of the landlocked rainbow trout population in the upper
watershed would display summer return timing.

Option 2: Rely on natural recolonization by lower river stock.
Natural recolonization of the upper river would occur over an
uncertain time period once access to the upper river is provided.
In the absence of other measures to introduce summer steelhead in
the uppermost reaches of the basin, the lower river stock would
gradually penetrate the watershed, but the recolonization period
could be lengthy given the depressed status of the stock. To
reduce non-native hatchery influence in the lower river stock
prior to dam removal, WDW hatchery releases from the Bogachiel
Rearing Ponds would be discontinued beginning in 1994.

Option 3: Import a suitable West Olympic Peninsula stock.
Concurrently with the above options, the Queets and Hoh River
summer steelhead stocks on the West Olympic Peninsula would be
assessed to see if they might serve as donor stocks for Elwha
River restoration. If Options 1 and 2 fail and a West Olympic
Peninsula stock is available, brood collection and transfer would
occur, subject to management (State and tribal) agreement and
fish disease restrictions. Stock assessment in this option would
consist of (1) the identification of the summer steelhead range
through literature review and field survey, (2) the estimation of
population size by means of sport and commercial fishery
sampling, and (3) the determination of appropriate escapement
goals by means of summer low flow habitat measurements.
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Option 4: Enhance native component of lower river stock. This
option involves enhancement of any remaining native component of
the lower Elwha River stock followed by outplanting in the
watershed above RM 34. However, the depressed status of this
stock, coupled with a history of non-native hatchery releases in
the lower river, suggest that few natives are left. Incidental
capture of summer run steelhead in the LET spring chinook gillnet
study should provide an opportunity to assess presence of native
summer steelhead for restoration.

C. SEA-RUN CUTTHROAT AND NATIVE CHAR

Elwha Stock Status. Status of native sea-run cutthroat and
native char in the lower river is unknown, but both populations
are likely negatively affected by the loss of access to the upper
river and habitat degradation in the lower river due to the Elwha
dams. Sea-run cutthroat in the lower river may be limited by the
lack of small tributaries for spawning and rearing below Elwha
Dam. No past enhancement of sea-run cutthroat has occurred in
the Elwha River and no WDW enhancement facilities for sea-run
cutthroat are located in the vicinity of the Elwha River.

Option 1: Rely on natural recolonization. Natural recolonization
of the upper river would occur over an uncertain time period once
access to the upper river is reestablished. Remnant, landlocked
forms of both species may exist in the upper watershed in an
analogous manner to rainbow/steelhead, noted above. These
resident populations may contribute to the reestablishment of
native anadromous populations after removal of the Elwha dams.

D. SPRING CHINOOK SALMON

Elwha Stock Status. Spring chinook salmon, if present, are
undoubtedly few in numbers. Loss of access to upriver habitat
due to the Elwha dams, coupled with possible co-temporal spawning
with other chinook in the lower river, have reduced their numbers
and perhaps their genetic distinction from later timed chinook.
Limited non-native hatchery releases of Soleduc and Dungeness
spring chinook were made in the lower Elwha River in 1973 and
1977, respectively.

A spring chinook gillnet study conducted in 1992 suggested a
remnant run may still exist (Wunderlich and Hager 1993). An
estimated 24 chinook entered the river within the Elwha spring
chinook management period (WDF et al. 1992). However, this
management period is under technical review and additional
information on status and timing are essential to characterize
potential overlap with the adjacent summer/fall chinook
management period (WDF et al. 1990).

Option 1A: Outplant juvenile summer/fall Elwha stock and rely on
natural processes to establish an early run. This restoration
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strategy involves collecting eggs across the range of the Elwha
chinook spawning timing followed by outplanting juveniles in the
uppermost reaches of the basin. Outplanting juveniles would
accelerate the process of introducing the stock within its
assumed historic range (above RM 34).

When exposed to the upper river's environment, the existing
summer/fall stock can be expected to exhibit an earlier timed
component (spring type), although it may take some generations
for this expression to manifest itself. An earlier timed
component would respond in part to the upper river's cooler
temperature regimen, requiring earlier return and spawn timing to
complete the life cycle (Brannon and Hershberger 1983). Among
Pacific salmon, chinook are known to adapt rapidly to new
situations (Healey 1991). Significant shifts in spawning timing
have been reported in response to new environmental conditions
(Kwain and Thomas 1984).

Presmolts would be outplanted in early May (Table G-3 ) . This
outplanting strategy would have two significant benefits in
restoring a natural run to the upper Elwha River:

It would allow at least some imprinting to improve returns to
the upper river, yet minimize interference with natural
emigration (which can negatively affect marine migration and
survival). Outplanting would occur before any appreciable
emigration pulse could be expected based on previous Elwha
emigration studies and data on smolt readiness (ATPase) for
this stock (Wunderlich and Dilley 1990).

• It would mimic the expected time and size of natural
outmigrants which should improve survival and adult return
(Reimers 1979). Time and size of outplanting would correspond
closely to that previously observed among chinook emigrating
from the upper Elwha River (Dilley and Wunderlich 1990).

Option IB: Enhance and outplant early portion of Elwha chinook
run. This option, pursued concurrently with Option 1A, consists
of developing a brood run from the early returning portion of the
Elwha chinook run and outplanting juveniles as noted in Option
1A. Key considerations include whether sufficient broodstock
could be collected and whether adequate hatchery support would be
available.

Further assessment of the early returning portion of the run
would occur to determine brood availability and fish collection
methods. Optimally, at least several hundred breeding
individuals are desirable to avoid long-term problems of
inbreeding and loss of genetic variability (Waples 1991).
Previous (Wunderlich and Hager 1993) and ongoing (LET) spring
chinook gillnetting would identify the magnitude of the early
returning component and determine if it is distinct from the
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relatively abundant summer/ fall run.

If brood were collected during spring entry, specific measures
would be taken to reduce prespawning mortality at the hatchery.
Adequate water quality and protected holding facilities would be
provided. The critical holding period could be significantly
shortened by the following measures:

• Administering luteinizing hormone (LHRHa) to broodstock.

• Artificially reducing photoperiod to stimulate earlier
maturation, such as is accomplished at Little White National
Fish Hatchery (lower Columbia River) by holding chinook in
covered raceways and reducing photoperiod by four minutes
daily, or about one-half hour per week, until full maturation.

Option 2: Import Dungeness River stock from Oungeness River
basin. This option entails importing spring/summer Dungeness
chinook salmon from the Dungeness basin, if the above restoration
options do not meet expectations and brood is available.
Outplanting would follow the strategy described in Option 1A.

The Dungeness spring/summer chinook is a native 4
, wild stock

(WDF et al. 1993) which exhibits desirable traits of early return
timing. It is in close geographic proximity to the Elwha which
would suggest greater adaptability to the Elwha than non-
proximate stock, and it lies within the same fish disease
management zone as the Elwha drainage, which would facilitate
future interbasin transfer of fish or eggs.

Unfortunately, this stock's current status is critical 5 (WDF et
al. 1993), although it is the subject of long range recovery
planning (Lichatowich 1992). Should it eventually recover to
healthy levels, agreement with all management entities (State and
tribal) would be needed prior to any stock transfer. Further,
identifying appropriate brood stock for transfer may be difficult
because of uncertainty over chinook return timing and spawner
distribution in the Dungeness basin.

Option 3: Import Dungeness River stock from WDF Hoodsport
Hatchery. This option entails outplanting the WDF Hoodsport
Hatchery stock (southern Hood Canal) above RM 34. The Hoodsport
stock has several desirable traits in that it originated from the
Dungeness River and it is discreetly maintained at the Hoodsport
Hatchery with an annual take of 50,000 eggs, so it is potentially

4 An indigenous stock that has not been substantially impacted
by genetic interactions with non-native stocks or by other factors.

5 Production levels are so low that permanent damage to the
stock is likely or has already occurred.
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available in the near-term for outplanting in the upper Elwha.
However, it has hatchery influence, having been cultured at both
the Hoodsport and Soleduc hatcheries . Importation from Hood
Canal would likely require additional disease screening compared
to transfer of eggs or fish from the Dungeness River basin.

E. SUMMER/FALL CHINOOK SALMON

Elwha Stock Status. Summer/fall chinook are a native stock of
composite 6 production associated with both fish facilities in
the lower river (WDF and LET). Stock status is healthy 7 (WDF et
al. 1993).

Option 1: Outplant juvenile Elwha stock. This strategy involves
collecting eggs across the range of the Elwha chinook spawning
timing, then outplanting spring subyearlings in like manner as
Option 1A for spring chinook (Table G-3). Outplanting would
accelerate the process of introducing the stock to the upper
basin (as opposed to natural recolonization) and would occur
between RM 5 and RM 34 (the assumed historic range of Elwha
summer/fall chinook) . The rationale for a spring subyearling
outplant is the same as described under Option 1A for spring
chinook. Given the healthy condition of this stock and the
existence of hatchery production in the lower river, brood should
be available after removal of the dams provided necessary capital
improvements to fish facilities are made as described in COSTS.

Option 2: Rely on natural recolonization. In the absence of
other measures to introduce summer/fall chinook in the upper
river basin, the lower river stock would gradually penetrate the
watershed over an extended time period. In the Skykomish River,
for example, adult chinook were introduced to 90 stream miles of
previously inaccessible habitat above Sunset Falls and peak
returns (to a trap at Sunset Falls) occurred approximately 15
years later (Seiler 1991).

F. COHO SALMON

Elwha Stock Status. Coho salmon are a mixed stock of composite
production associated with hatchery facilities in the lower Elwha
River. Status of the stock is healthy (WDF et al. 1993).
Hatchery production began with Dungeness and Elwha parents at the
WDF facility, but occurs now only at the LET facility.

Option 1: Outplant Elwha stock juveniles. This option entails
outplanting Elwha fingerlings above RM 16 beginning one year
prior to complete dam removal (Table G-3), allowing for one year

6 Sustained by both wild and artificial production.

7 Production is consistent with available habitat.
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of freshwater rearing before emigration. The existing Elwha
stock should be readily available for outplanting given its
healthy status and the existing hatchery program. This stock is
also the closest to native Elwha stock.

Case studies suggest that a fingerling outplant program would be
an effective reintroduction measure. WDF has released juvenile
coho at similar time and size and observed relatively high
survival to smolt. Subyearling plants were used to successfully
introduce coho in barren habitat in the upper Skykomish River
above Sunset Falls. Full productive potential was realized
within 10 years (Seiler 1991). One fingerling outplant in the
upper Elwha River exhibited high survival to smolt (an estimated
30%, Wunderlich et al. 1989). To reduce predation on juvenile
pink and chum salmon, coho outplanting would occur above RM 16
(upper limit of pink and chum outplanting) because coho are
important predators of pink and chum.

Fingerling coho releases would significantly reduce outplanting
costs compared to yearling releases, as all coho outplanting
would be aerial (above RM 16). Assuming 10% survival from
fingerling to yearling, outplanting costs would be less than a
third for fingerlings versus yearlings at the same seeding rate.

Fingerling coho would be scatter planted, as opposed to mass
planted or released in conditioning ponds as for other species,
to improve survival. Scatter planting is preferable to mass
planting of fingerling coho given their yearlong freshwater
residency and strongly territorial behavior (Salo and Bayliff
1958). Outplanting coho in excess of carrying capacity would
result in no greater production and could adversely affect
rearing and survival of other species (Mason 1976).

Fingerling coho would be planted at approximately one-half the
estimated carrying capacity of available habitat in the river
basin (Table G-3 ) . This rate has been used by WDF for coho fry
outplanting. Seeding at less than potential full seeding
capacity is appropriate because of the impracticality of
outplanting juvenile coho in all habitat available in the basin.
Smolt releases at the LET Hatchery would be delayed until late
May to reduce predation on emigrating pink and chum salmon.

Option 2: Rely on natural recolonization. In the absence of
other measures to reintroduce coho in the upper basin, natural
recolonization of the upper river would occur over an uncertain
time period once access to the upper river is reestablished.

G. PINK SALMON

Elwha Stock Status. Pink salmon are considered a native, wild
stock whose status is critical based on chronically low
escapements over the past decade (only four individuals were
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observed in extensive surveys in 1989 compared to estimates of
over a thousand in the early 1970s) (WDF et al. 1993).

Option 1: Enhance existing Elwha stock. This option consists of
intensive status evaluation for two return years followed by
brood development and outplanting, if suitable brood exists.
Chronically low escapements cast doubt on there being sufficient
brood available. The existing lower river run may be non-viable
and consist only of Dungeness River strays, so the presence of an
adequate genetic base to restore a run is questionable.
Optimally, at least several hundred breeding individuals are
desirable to avoid long-term problems of inbreeding and the loss
of genetic variability (Waples 1991).

Despite chronically low escapements, further spawner survey is
proposed. Pink salmon populations can rebound quickly due to
their short (two year) life cycle, as evidenced by case study of
the upper Skykomish River. With access to new habitat in the
upper south fork Skykomish above Sunset Falls in 1959, the
initial pink escapement was only 150 individuals and escapements
remained low until 1981, when over 2,000 fish returned. Pink
numbers then trebled over each of the next two cycles and
escapement exceeded 20,000 by 1985 (Seiler 1991).

The outplanting strategy shown in Table G-3 consists of mass
outplanting of smolts at densities within the possible carrying
capacity of the lower river. Mass outplanting is recommended to
swamp pink salmon predators, which can significantly limit
juvenile pink populations. Initial incubation and rearing would
occur at the LET Hatchery, but final incubation and rearing would
occur at satellite facilities below RM 16.

Option 2: Import upper river Dungeness stock. If Option 1 fails,
upper river Dungeness stock would be imported, if available. The
Dungeness River pink salmon run has several desirable traits as a
donor stock for the Elwha. It is a native, wild stock (WDF et
al. 1993) which has an "upper river" component that returns early
(late July) and spawns high in the system (spawning peaks at the
end of August) (Lichatowich 1992). Upper river spawning would
encourage colonization throughout available habitat in the Elwha.
Early return and upper river spawning would minimize the risk of
adversely affecting any remnant Elwha pink run, as historical
spawner survey data for the Elwha indicate a late September to
October spawn timing (WDF spawner survey data base), which is
considerably later than upriver Dungeness stock. The Dungeness
River is also geographically close to the Elwha, which would
facilitate the transfer of fish or eggs. It also lies within the
same fish disease management zone as the Elwha drainage, which
could facilitate future interbasin transfer of fish or eggs.

The upper river Dungeness pink stock is a potential long-term
prospect as a donor source for the Elwha. Unfortunately, this

131



stock is presently considered depressed due to chronically low
escapements (WDF et al. 1993) and is itself the subject of
restoration planning (Lichatowich 1992). Should the run rebound,
agreement on stock transfer would need to be reached with
management entities (State and tribal) before export to the Elwha
could occur, including concurrence on threshold levels of
escapement before removal.

Option 3: Import Finch Creek Stock. Pursued if both Options 1

and 2 fail, this option consists of importing pink salmon stock
from the WDF Finch Creek Hatchery program in Hood Canal. The
Finch Creek stock originated from the Dungeness in the 1950s and
has been maintained without infusion of outside stocks since.
The Finch Creek stock is now considered genetically distinct from
the Dungeness based on electrophoretic analysis. Hatchery egg
takes are relatively stable and approach 2 million. A portion of
the Finch Creek stock would be moved to the Elwha system for
hatchery culture and outplanting (as noted under option 1). More
stringent fish disease transfer restrictions could be required
because of its geographic location.

H. CHUM SALMON

Elwha Stock Status. Chum salmon are considered a native, wild
stock whose status is unknown (WDF et al. 1993). The LET
hatchery produced non-native chum (principally Walcott Slough
from Hood Canal), but the program was discontinued about 1986.

Option 1: Enhance existing Elwha stock. Following additional
assessment that began in 1993, Elwha stock would be augmented and
outplanted as indicated in Table G-3. Additional assessment
would include spawner surveys for one cycle (four years) to
evaluate the availability of chum for brood development. Spawner
surveys would include electrophoretic sampling of spawned fish to
assess the degree the existing stock was influenced by hatchery
releases of non-native stock. Samples would be collected and
stored over more than one season if needed to meet sampling
requirements. Limited electrophoretic sampling in 1985 suggested
that remnant Elwha chum were similar to Walcott Slough stock, but
additional sampling over the entire run would be desirable to
firmly establish what native genetic material is left.

Additional assessment of chum entry timing is also underway in an
attempt to isolate differences in entry timing as it relates to
the presence of native and non-native stock. Lower river habitat
survey would be conducted to develop habitat improvement measures
to stabilize/enhance existing stock prior to dam removal.

Brood collection would focus on any identifiable native component
as a first priority. Initial incubation and rearing would occur
at the LET Hatchery, but final incubation and rearing would occur
at satellite facilities below RM 16, or in appropriate locations
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for remote site incubators (Manuel et al. 1991). Table G-3 shows
target release numbers, time, and size, based on habitat carrying
capacity at time and size of release.

Option 2: Rely on natural recolonization. Once access is
reestablished, natural recolonization of the river below RM 16
would occur over an uncertain time period.

Option 3: Import a nearby Strait of Juan de Fuca stock. Under
this option, the status and availability of potential donor
stocks in nearby Strait streams would be assessed. If option 1

does not meet expectations and brood is available, a brood run
would be developed in the Elwha as outlined under Option 1.

Nearby stocks in the Lyre and Pysht rivers would be assessed for
availability. Agreement on stock transfer would need to be
reached with management entities before export to the Elwha
system could occur.

I. SOCKEYE SALMON

Elwha Stock Status. The native lower river stock does not exist
because Elwha Dam blocks access to Lake Sutherland (Figure G-l),
which is needed to complete the freshwater phase of the sockeye
salmon life cycle.

Option 1A: Develop a native run from Lake Sutherland kokanee.
This option consists of enhancing the anadromous component of
Lake Sutherland kokanee, assuming it retains a significant
element of the original Elwha sockeye. Kokanee ( non-anadromous
sockeye) may retain the genetic drive for anadromous behavior
over a number of generations . This phenomenon underpins the
draft recovery plan for Snake River sockeye salmon in the Stanley
Lakes basin of Idaho (Bevan et al. 1992). Kokanee are known to
produce anadromous offspring which, through capture and captive
rearing, could produce offspring for outplanting in the nursery
lake. In this way, the anadromous component of the kokanee
population would be augmented (Bevan et al. 1992). However, the
success of captive rearing sockeye is uncertain and the initial
results of the Snake River sockeye recovery effort (the first
attempt to captive rear sockeye) are not yet known.

In the Elwha basin, stimulating anadromous behavior in kokanee is
further complicated by the uncertain parentage of the kokanee
population. Lake Sutherland kokanee may be derived from Elwha
sockeye, landlocked since closure of Elwha Dam in 1912. However,
WDW hatchery records indicate release of non-native (Lake Whatcom
stock) kokanee in Lake Sutherland from at least 1944 until 1964.
The Lake Sutherland kokanee population has sustained itself to
present, but the influence of non-native kokanee releases on the
native kokanee/sockeye population is uncertain.

The assumptions of Elwha sockeye parentage and ability to
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stimulate anadromy may not be met, so the following stepped
approach would be pursued in tandem with Option IB:

1. Refine spawning and rearing capacity estimates for Lake
Sutherland through additional habitat surveys and profiles of
the existing fish community (performed in tandem with Option
IB) .

2. Evaluate the anadromous component of the existing kokanee
population by trapping smolts at the outlet weir of Lake
Sutherland. Evaluation would consist of measuring
smoltification indices (ATPase, saltwater challenge) and
comparing smolts to Lake Whatcom kokanee stock by means of
electrophoresis

.

3. If smolts emigrate in sufficient numbers, captive rear them
and return their progeny to Lake Sutherland over one or more
cycles prior to dam removal.

4. Remove outlet weir to Lake Sutherland when safe downstream
passage is assured after removal of Elwha Dam.

Option IB: Import an outside stock. If Option 1A fails, sockeye
fingerlings from a donor stock would be released in Lake
Sutherland beginning one year prior to Elwha Dam removal at
carrying capacities consistent with available habitat as
identified in Option 1A. Table G-3 shows a preliminary release
strategy. The lake's outlet weir would be removed after removal
of Elwha Dam.

Screening for potential donor stocks would occur concurrently
with Option 1A. Criteria for a donor stock would include (1)
lakeshore spawning trait, (2) adaptation to a low elevation,
near-saltwater lake basin with similar outlet orientation as Lake
Sutherland, and (3) an acceptable fish health profile for
transfer into the Elwha River basin.

III. COSTS

Capital costs to support the fish restoration plan total
approximately $4.1 million for improvements in the Elwha River's
LET fish facility and WDF fish facility, plus outplanting and
evaluation equipment (Table G-4 ) . Annual operation and
maintenance costs (Table G-5) including fish stock assessment,
brood development and maintenance, outplanting, and project
evaluation and management total approximately $5.3 million for
the fish restoration period (1994 to 2012). Hatchery support and
outplanting costs assume maximum fish production under any option
at target outplanting levels (Table G-3).
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Table G-l. Summary of options for restoring Elwha River anadromous fish.
Options are in priority order.

Option Description

Winter Steelhead

1A Develop a native run from the upper-river rainbow trout population.
IB Rely on upper-river rainbow trout population to re-establish run.
2 Augment late-run, lower-river stock.
3 Import a suitable Olympic Peninsula stock.
4 Rely on natural recolonization by lower-river stock.

Summer steelhead

1A Develop a native run from the upper-river rainbow trout population.
IB Rely on the upper-river rainbow trout population to re-establish run.
2 Rely on natural recolonization by lower-river stock.
3 Import a suitable West Olympic Peninsula stock.
4 Augment native component of lower-river stock.

Sea-run Cutthroat

1 Rely on natural recolonization.

Sea-run Native Char

1 Rely on natural recolonization.

Spring Chinook Salmon

1A Outplant juvenile summer/fall Elwha stock and rely on natural processes to
establish an early run.

IB Augment and outplant early portion of Elwha chinook run.
2 Import Dungeness River stock from Dungeness River basin.
3 Import Dungeness River stock from WDF Hoodsport Hatchery.

Summer/Fall Chinook Salmon

1 Outplant juvenile Elwha stock.
2 Rely on natural recolonization.

Coho Salmon

1 Outplant juvenile Elwha stock.
2 Rely on natural recolonization.

Pink Salmon

1 Augment existing Elwha stock.
2 Import upper-river Dungeness stock.
3 Import Finch Creek stock.
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Table G-l. Continued,

Option Description

Chum Salmon

1 Augment existing Elwha stock.
2 Rely on natural recolonization.
3 Import a nearby Strait of Juan de Fuca stock.

Sockeye Salmon

1A Develop a native run from Lake Sutherland kokanee.
IB Import an outside stock.
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Table G-4 . Capital costs for fishery activities (in 1993 dollars).

Item Cost ($1000s)

Tribal Fish-Production Facility

Increased water supply 600
Upgraded incubation facilities 175
Satellite facilities for pink and chum salmon 12
Expanded support facilities 295

WDF Fish-Production Facility

Improved water supply, incubation, early rearing, 2,921
pollution abatement, and adult collection
facilities

Outplanting and Evaluation Equipment

Boat 10
Truck 25
Distribution tank 3

Miscellaneous 20

Total 4,061
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Table G-5 . Operation and maintenance costs for fisheries activities (in 1993
dollars)

.

Year Cost ($1000s)

Stock
assess

.

Hatchery
support*

Outplantinq 8 Project
eval. c

Total
Air Ground

1994 390 116 84 590
1995 226 117 84 427
1996 222 121 84 428
1997 8 128 84 220
1998 133 7 84 225
1999 155 112 84 363
2000 154 112 84 361
2001 155 112 99 378
2002 154 112 99 376
2003 155 112 99 378
2004 154 112 99 376
2005 149 105 99 365
2006 55 45 99 202
2007 35 32 99 166
2008 6 99 106
2009 99 99
2010 99 99
2011 99 99
2012 84 84

Total: 846 1,788 860 85 1,763 5,343

A Hatchery brood development and maintenance at $3.18/lb of fish produced plus
$1,665 annually to mark LET steelhead production (1994-2007) during the winter
steelhead brood-development period (Option 2).

B Outplanting at $3. 65 /lb by air (helicopter) and $0.65 /lb for ground
distribution. Proportions outplanted by air: all spring chinook, coho, and summer
steelhead, and 55% of fall chinook and winter steelhead.
c Evaluation costs consist of personnel (1 full-time biologist at $35,000/yr and
3 half-time biologists at $25,000/yr annually); O&M for outplanting and
evaluation equipment at 20% of initial capital cost (Table G-4 ) annually; and
helicopter service (30 hr/yr at $500/hr) for spawner survey during chinook and
steelhead return years

.
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Figure G-l. Lineal extent of anadromous salmonid habitat in
the Elwha River basin following removal of the
Elwha and Glines Canyon dams.
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APPENDIX H

HABITAT RESTORATION PLAN

I. GLINES CANYON PROJECT AREA

A. RESTORATION OBJECTIVES

Restoration of the Elwha River ecosystem and disturbed habitat of
the Glines Canyon Project involves several issues and concerns.
The National Park Service (NPS) is mandated to conserve and
protect native species of plants and animals and perpetuate
natural processes. Resources unique to Olympic National Park, or
those that are limited in their extent on the Olympic Peninsula
due to human-induced changes (such as old-growth forest) are of
particular concern. While anadromous fish restoration is a
primary objective of the overall dam removal proposal, the NPS
must adopt a landscape- or ecosystem-level approach in developing
restoration objectives, plans, design standards, and the actual
methodologies that might be employed. Over time, the restored
area would attain characteristics of the surrounding area now
managed as wilderness and could eventually be proposed for
inclusion in wilderness. The restoration process must be
carefully designed to meet the objectives of full ecosystem
restoration and perpetuation of natural processes and should not
preclude the opportunity for eventual wilderness designation.
Primary NPS restoration objectives are:

1. Restore the ecosystem to a close approximation of the
conditions and attributes found prior to dam construction
and valley inundation.

2. Reconstruct, to the maximum extent possible, natural
contours and major landform features within the inundated
area of the reservoir, including a natural appearance to
slopes (steepness, aspect), major topographic features such
as hills, escarpments, gullies, and terraces.

3

.

Reestablish the river channel in a manner to maximize
natural hydrological features including variable channel
width and depth, geometry, sinuosity, and proportion of
pools and riffles, while permitting the river to regain
"dynamic equilibrium" within the floodplain.

4. Restore sediment and water flow regimes, meaning daily and
seasonal variations in flow and sediment loading, that mimic
natural annual or decadal patterns caused by flood and
drought.

5

.

Replant native riparian and upland vegetation within the
reservoir area and along approximately three miles of
restored powerline corridors. Revegetate the area to
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provide for erosion control while replicating representative
vegetation community types, species composition, plant
density, spacing, and overall structure. Minimize invasion
by exotic plant species.

6. Create aquatic habitat within the restored river channel to
both enhance fish restoration efforts by providing rearing
habitat and resting areas, and assist prompt recolonization
by invertebrate fauna.

7. Protect designated wildlife and plant species and their
critical habitats during dam removal and construction
activities

.

8. Permit the area, over time, to be subjected to natural
processes, disturbances, and environmental perturbations
such as floods, windstorms, natural [lightning] fires,
native forest insects and disease, and other similar events.

9. Thoroughly document and systematically monitor all phases of
restoration to permit future evaluation of the strategies
and techniques used. Documentation will include a
comprehensive project history.

10. Encourage independent research of this restoration project
and facilitate communication of information and findings
with other agencies and institutions.

The timing of habitat restoration is dependent on the dam removal
and sediment management option ultimately selected. However,
preliminary activities are necessary prior to dam removal to
prepare for the restoration effort.

B. RESTORATION SCHEDULE

2-3 Years Prior to Dam Removal

— Complete information gathering and identified research.

— Conduct empirical growing trials to identify candidate
revegetation species and their performance in lake silts

— Initiate seed and cone collection; sort and clean.

— Determine most cost-effective propagation methods for
selected plant materials.

— Continue compilation of restoration bibliography.
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Upon Approval of Restoration Funding

— Initiate aggressive control program of exotic plants.

— Begin large scale plant material production.

— Begin collection and storage of large woody debris.

— Convert sites at Sweet's Field and Elwha Ranger Station for
plant propagation and materials storage.

— Initiate contracting with other non-NPS propagation sources
(Soil Conservation Service Plant Material Centers, U.S.
Forest Service, industrial growers).

— Install seed traps within Elwha drainage to provide passive
seed collection.

— Begin formal documentation of restoration sequence.

During Initial Dam Removal /Sediment Stabilization Phase

— Transport large woody debris to identified in-lake storage
sites

.

— Follow reservoir dewatering with hydroseeding.

— Use helicopter hydroseeding in inaccessible areas.

— Remove powerlines

.

— Treat sensitive or unstable areas with biotechnical slope
stabilization techniques.

— Install instream habitat improvement structures.

— Remove unneeded facilities from lake shore areas;
rehabilitate sites.

— Document activities

.
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1-3 Years Following Dam Removal

— Intensively plant selected revegetation species within each
habitat type.

— Monitor recolonization of area by wildlife.

— Augment instream invertebrate recovery with additions of
organic litter.

— Continue monitoring and control of exotic species.

— Document activities

.

Year 4 Following Dam Removal and Continuing

— Repair areas where revegetation has failed.

— Continue control of exotic plants.

— Restore construction and staging areas.

— Restore or repair NPS infrastructure and facilities.

— Monitor and document recovery.

C. FUNDING REQUIREMENTS

Glines Canyon Project habitat restoration (1993 dollars).

Prior to Dam Removal

Information gathering/research $75,000
Growing trials 25,000
Seed and cone collection, processing 80,000
Research propagation methods, contracting 12,000
Restoration bibliography 5 , 000

Total 197,000
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Upon Approval of Restoration Plan and Funding

Control exotic plants 40,000
Plant materials production 250,000
Collect/store large woody debris 40,000
Convert NPS sites for propagation activities 170,000
Contracting for plant materials propagation 250,000
Install seed traps 8, 000

Total 758,000

Initial Dam Removal Phase

Transport/placement large woody debris 75,000
Hydroseeding, initial revegetation 500,000
Helicopter overseeding 60,000
Biotechnical slope stabilization 450,000
In-stream structures 150,000
Remove unneeded public facilities/rehab sites 20,000

Total 1,255,000

1-3 Years Following Dam Removal

Plant trees and other native vegetation 300,000
Monitor wildlife recolonization 20,000
Augment in-stream invertebrate recovery 20,000
Control exotic plants 30, 000

Total 370,000

Year 4 and Continuing

Follow-up revegetation in failure areas 150,000
Control exotic plants 20,000
Restore disturbed sites used during construction 80,000
Repair NPS infrastructure/facilities
Monitoring/Documentation (Vegetation only) 15 , 000

Total +265,000

Subtotal 2,845,500
Contingency (25%) 711,250

Total 3,556,750
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II. ELWHA PROJECT AREA

A. RESTORATION OBJECTIVES

The primary objective of the habitat restoration plan for the
Elwha Project lands and appurtenant facilities is to restore and
protect the ecosystem, including the anadromous fish runs that
were affected by the construction of the Elwha Project. To
achieve this objective, the plan would include measures to
restore the biological, hydrologic and physical processes that
occurred prior to the construction of the Project.

The Elwha Project lands and appurtenant facilities total about
1000 acres and include about 265 acres presently covered by Lake
Aldwell, 675 acres of second growth forest land bordering the
reservoir, 70 acres of riparian bottom lands located where the
Elwha River and Indian Creek enter Lake Aldwell, and about 40
acres that have been developed or altered for roads, parking, and
project facilities.

The following guidelines would be used to direct the habitat
restoration efforts for the Elwha Project lands: (1) restore the
biological, hydrologic, and physical processes while taking into
account water supply and flood control objectives; (2) restore
the Lake Aldwell area to pre-dam conditions and attributes, but
with the allowance for the preservation of wetlands that have
developed within the Lake Aldwell delta; (3) re-establish the
river channel dynamics, including meander and pool-run-riffle
composition; (4) restore the anadromous fish spawning, rearing
and holding habitat; (5) restore fish passage to Indian Creek and
Lake Sutherland; (6) use native or sterile plant species in the
reseeding or revegetation program; and (7) control or eliminate
noxious exotic species as necessary. In addition, a monitoring
program should be included in the restoration plan to evaluate
and document the effectiveness of the management prescriptions
and to serve as the basis for implementing corrective measures.

To facilitate the discussion of habitat restoration measures that
would be implemented for specific locations within the project
boundary and the integration of the habitat restoration plan with
the specific management plans required under Section 3(c)(3) of
P.L. 102-495, the Elwha Project lands have been separated into
the following units: (1) the Lake Aldwell lakebed; (2) the river
channel and adjacent lands both upstream from the Lake Aldwell
and downstream from Elwha Dam; (3) the riparian bottom lands in
the vicinity of where Indian Creek and the Elwha River enter Lake
Aldwell and downstream from Elwha Dam; (4) the forest lands
bordering the lakebed; and (5) disturbed areas, including but not
limited to roads, parking lots, project facilities, and some
forest lands "outside" the river corridor.
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1. Lake Aldwell Lakebed. The focus of the habitat restoration
plan for the Elwha Project lands would be on the Lake Aldwell
lakebed because of the major changes that have occurred to the
pre-dam habitat as a result of being flooded for 80 years, and
because the habitat restoration objectives must be integrated
with water supply and flood control objectives. The need to
protect downstream fish and wildlife resources, water supplies,
and human property from the increased risk of flooding that could
result from the release and transport of accumulated sediments
may have a major bearing on the specific habitat restoration
measures that could be implemented. The quantity of sediment
that needs to be stabilized within the reservoir zone, along with
the acreage that would be needed for this purpose is still being
evaluated. Consequently, a single definitive plan for habitat
restoration cannot be developed at this time. It is possible,
however, to describe general plans for restoring habitat over a
range of sediment management options and to update these plans as
water supply and flood control plans are refined.

Sediment management options that involve the permanent retention
of most of the sediments within the lakebed would limit the scope
of habitat restoration within the Lake Aldwell lakebed. These
options would generally require the implementation of artificial
measures such as restricting Indian Creek and the Elwha River to
an engineered channel and the mounding or benching of large
quantities of reservoir sediments.

The armoring of the reconstructed channel slope, using either
quarry rock or material dredged from the Lake Aldwell delta, is
one of the sediment management options being considered. While
channel armoring would prevent the river from cutting into the
sediment disposal areas, it would also limit the restoration of
the dynamic physical and hydraulic processes associated with
river meander (e.g., formation of side channels, pools, and
backwaters). Since the constructed channel slopes could be
relatively gradual (4:1, horizontal : vertical ) , a "failure" of the
armoring should not result in massive bank slumping and the
subsequent release of unacceptable quantities of sediment. As
vegetation becomes established and adds additional stability to
the channel slope, the need for the channel armoring would
lessen. From a natural process perspective if channel armoring
is determined to be necessary, it would be desirable to design
the armoring to gradually "fail" overtime through the use of
smaller rock or reducing the thickness of the armored layer.

The establishment of vegetation along the channel slopes would be
an important part of habitat restoration efforts. Large trees
along the channel banks are needed as a future source of large
wood debris to the stream to provide habitat diversity. Since it
will take many years before large trees become established,
measures to accelerate the process should be implemented.
Suitable soil removed during the sediment management process

155



should be stockpiled for later use to spread over and between the
armor rock layer. This area should subsequently be seeded and
planted with a combination of nitrogen fixing and pioneering
species (e.g., red alder, willow, black cottonwood, and herbs and
forbs). Hydromulching and the placement of erosion control
matting may be needed to facilitate revegetation.

The retention option would also involve the benching of up to 4

million cubic yards of sediments over a 50 to 100 acre area
within the southern half of the lakebed. To retain the majority
of the sediments within this area, sediment benches up to 35 feet
in thickness would be created. Redeposited delta sediments,
consisting of a combination of sand, gravel, cobbles, and organic
material, are expected to support early successional species
(grasses, sedges, red alder, cottonwood, and willow) without the
need for soil amendments. In contrast, a three to six foot layer
of fine sediment (silt and clay) presently covers the non-delta
portion of the reservoir bottom. An analysis of clay and silt
taken from Lake Mills (Aldwell sediments are expected to be
similar) by the National Park Service indicates that this
material is low in fertility and would provide a poor growing
medium unless ample site preparation measures are included. In
addition, this material becomes resistant or impervious to water
penetration when dry and may preclude the establishment of shrubs
and trees if the layer becomes more than a few feet thick. Over
1 million cubic yards of silt and clay may need to be retained
and may require up to 50 acres. A hydromulch mixture of water,
fiber mulch, nutrients, tackifier, sterile fast growing grass,
native pioneer species of grasses, and forbes may be sufficient
to establish non-woody vegetation. Significant site preparation,
including the addition of soil amendments would likely be
necessary to establish pioneer shrub and tree species. The
development of an emergent wetland may be a viable option if it
is not feasible to reestablish woody vegetation over the silt/
clay disposal sites.

Since no silt/clay relocation and disposal would occur in the
northern half of the lakebed, the potential problem of dealing
with a thick layer of silt and clay should be reduced, but would
likely still involve some problem associated with poor fertility
and permeability. Limited access by heavy equipment because of
the steep terrain may limit the acreage on which soil amendment
measures could used, if needed. The application of hydromulching
and erosion control blankets, however, could proceed concurrently
with the lowering of the reservoir level. Up to 200 acres within
the Lake Aldwell lakebed would require revegetation.

Specific plans for restoring aquatic habitat have yet to be
developed, but must be integrated with the measures being
developed to control sediments. Habitat diversity is important
to the overall productivity of the Elwha River. Restoring the
natural character and attributes of the river would involve
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replacing inchannel structure (i.e., boulders and large woody
debris such as trees and root wads) and providing the necessary
conditions for the formation of undercut banks, channel meander,
backwater areas, side channels, and a representative proportion
of pool, riffles and runs. Additionally, the reservoir for 80
years has blocked the transport of gravel that is necessary for
the maintenance of downstream spawning habitat. The feasibility
of separating appropriate sized substrate (e.g., 0.5 to 3.5 inch
diameter) from the sediments to be relocated and disposed needs
to be evaluated for potential use in rehabilitating degraded fish
spawning habitat. Impacted or degraded habitat both within and
downstream from Lake Aldwell would be potential locations to
consider for gravel augmentation. Options to be evaluated
include the direct placement of spawning gravel at suitable
locations (proper gradient and hydraulic) or the stockpiling of
suitable material within the channel for the high flows to
naturally transport and distribute. Cost estimates for these
options will be developed.

2. The Elwha River Channel Outside the Reservoir Zone. Within
the project boundary, the Elwha River channel and adjacent
riparian lands, located both upstream from Lake Aldwell (about
2,000 feet along one bank) and downstream from Elwha Dam (about
2,000 feet along both banks), are relatively undisturbed so would
require a minimal level of restoration effort. Habitat
restoration measures would probably be limited to the elimination
and revegetation of the transmission line access road following
the removal of the transmission lines and poles. It is
anticipated that the future management of these project lands
would be to preserve these areas in their natural state.

3. Riparian Bottomlands at the Confluence of Indian Creek and
the Elwha River. This area is composed of mixed
coniferous/deciduous forests, coniferous forests, palustrine
forests, emergent wetlands, and Indian Creek. The emphasis for
this area would be to preserve the diversity and the value of the
existing habitats . The lowering and removal of the reservoir and
the implementation of sediment management measures (e.g., channel
relocation and armoring, and berm construction) have the
potential to impact this area. The removal of the reservoir may
lower the water table and change the character of the existing
wetlands. Also, the hydrology of the wetlands could be impacted
by both the modification of the Elwha River and Indian Creek
channels or the construction of sediment retention berms, if
these measures are found to be necessary for controlling the
erosion of the delta sediments.

Instead of constructing a heavily armored channel to pass the
flow in Indian Creek through the delta sediments, other more
natural and biologically desirable options will be evaluated.
For example, the construction of a number of small check dams
using large woody material may provide the necessary hydraulic
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grade control to prevent channel downcutting while still
providing the desired conditions for maintaining the existing
wetlands. Additionally, the aquatic habitat within a meandering
channel with numerous drops and pools, runs, and riffles should
be much more productive than a straight, heavily armored channel
designed primarily for the transport of water. The estimated
cost for constructing small log and riprap check dams about every
40 feet along the forming channel is about $400,000 (FERC 1993).

4. Forest lands bordering Lake Aldwell. The area bordering Lake
Aldwell consists primarily of second growth forest and includes a
combination of coniferous, deciduous, and mixed forests. Much of
this land is steep and is prone to erosion and landslides, if the
vegetation is removed. Because of the potential of this area to
seriously impact down slope habitats including the Elwha River, a
preservation/conservation management objective is recommended.
No habitat restoration measures have been identified. Not all of
the forest land is on steep slopes and would be available for
such purposes as described in Section 3(c)(3) of P.L. 102-495.

5. Disturbed Project Lands. About 4 acres of land have been
disturbed as a result of project construction (dams, powerhouses,
penstocks, access roads, parking, transmission corridor, and
support facilities) and other developments, such as the Elwha
Resort and former gravel pit. While the disturbed areas could be
improved for wildlife, there is an expectation that some of these
lands would be maintained in their present condition or developed
for other purposes. Possible options include the location of
public education and interpretation facilities either jointly or
separately by the U.S. Fish and Wildlife Service, the National
Park Service and the Lower Klallam Elwha Tribe, public access to
the area, and development by the Tribe for cultural purposes and
economic and residential development. The need for habitat
restoration measures would depend largely on what development or
land use decisions are made. Specific habitat restoration
measures would be developed, as needed, but are assumed to be
limited at this time.

B. RESTORATION SCHEDULE

It has been assumed that the habitat restoration schedule for the
Elwha Project would be similar to the schedule described for the
Glines Canyon Project (see above). These schedules will be
further refined during the Environmental Impact Statement/
advanced planning process to reflect the dam removal and sediment
stabilization timetable.
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C. FUNDING REQUIREMENTS

Elwha Project habitat restoration (1993 dollars).

Prior to Dam Removal

Growing trials $5,000
Seed and cone collection, processing 45 # 000

Total $50,000

Upon Approval of Restoration Plan and Funding

Control exotic plants 25,000
Plant material production 140,000
Collect/store large woody debris 40,000
Develop Elwha Project lands for propagation use 100,000
Contracting for plant materials propagation 140,000
Install seed traps 5 , 000

Total 450,000

Initial Dam Removal Phase

Transport/Placement of large woody debris 75,000
Hydroseeding 290,000
Helicopter overseeding 33,000
Biotechnical slope stabilization 250,000
In-stream structures 390,000

Total 1,038,000

1-3 Years Following Dam Removal

Plant trees and other native vegetation 165,000
Monitor wildlife recolonization 15,000
Augment in-stream invertebrate recovery 20,000
Control exotic plants 20,000

Total 220,000

Year 4 and Continuing

Follow-up revegetation in failure areas 83,000
Control exotic plants 15,000
Monitoring/Documentation (Vegetation only) 10, 000

Total 108,000
Subtotal 1,866,000

Contingency (25%) 466,500
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III. ADDITIONAL RESEARCH/ INFORMATION NEEDS

1

.

Perform additional laboratory testing of fertility and
physical properties of sediments, including percent organic
material, cation and anion exchange, particle size analysis,
and micro-nutrients

.

2. Investigate and quantify soil and substrate profiles in
riparian zones above and below present reservoir area.

3. Conduct empirical growing trials, both in a greenhouse and
on-site, using lake sediments and candidate revegetation
species with variable amendment and fertilization protocols.

4. Identify suitable candidate species of grasses, sedges, and
herbs for hydroseeding. Test performance on fine lake
silts

.

5. Continue consultation with U.S. Forest Service Region 6

silviculture staff to develop recommendations and technical
standards for conifer regeneration.

6. Evaluate new seed and cone collecting technologies such as
Fandrich™ aerial rake. Develop helicopter assisted cone
harvest rates for sites in Glines Canyon vicinity.

7. Investigation and evaluation of need for mychorrhizal
inoculation and rhizospheric bacteria relative to successful
tree establishment.

8. Evaluate potential for wind erosion of fine silt upon
exposure.

9. Conduct surveys to verify current habitat use by sensitive
and protected wildlife species. Determine seasonal movement
patterns of area elk herds.

10. Conduct reconnaissance level surveys for amphibians,
invertebrates, and other fauna under-represented in previous
studies

.

11. Map rare plant distribution and determine impacts to each
population from alternative restoration scenarios.

12. Determine the quantity of hazardous material from creosoted
power poles which will require disposal and determine
handling procedures.
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13. Investigate further and evaluate new bioengineering
technologies for erosion control and soil stabilization
(e.g., geotextiles, natural coir products, synthetic soil
chemicals) and experimental revegetation techniques such as
soil solarization. Provide for staff travel to view and
critically evaluate demonstration projects.

14. Establish fixed photo-points for use in long-term monitoring
and documentation.

15. Continue compilation of restoration bibliography.
Total 2,332,500
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Table H-l. Lowland vascular plants of the Elwha River Valley

Species

Ferns and Fern Allies

Adiantum pedatum
var. aleutictim

Aspidotis densa

Athyrium filix-femina

var. cyclospomm
Botrychium virginianum

Equisetum telmateia

var. braunii

Pityrogramma triangularis

var. triangularis

Polypodium glycyrrhiza

Polystichum imbricans

ssp. imbricans

Polystichum munitum
Pteridium aquilinum

Common Name

Maidenhair fern

Aspidotis

Lady-fern

Grape-fern

Giant horsetail

Gold fern

Licorice fern

Imbricate sword fern

Sword-fern

Bracken

Notes

ONP Rare

WNHP Monitor

ONP Rare

INDICATOR

INDICATOR

Grasses, Sedges, and Rushes

Agrostis exarata

var. exarata

Bromus vulgaris

Carex amplifolia

Carex hendersonii

Carex hystricina

Carex stipata

var. stipata

Cinna latifolia

Elymus glaucus

var. glaucus

Festuca occidentalis

Festuca subulata

Festuca subuliflora

Glyceria elata

Juncus effusus

Koelaria cristata

Luzula spp.

Melica barfordii

Melica subulata

var. subulata

Stipa lemmonii
var. lemmonii

Torreyochloa pauciflora

var. pauciflora

Trisetum cernuum

Bentgrass

Columbia brome
Big-leaf sedge

Henderson's sedge

Porcupine sedge

Sawbeak sedge

Drooping woodreed
Blue wildrye

Western fescue

Bearded fescue

Coast Range fescue

Tall mannagrass
Common rush

Junegrass

Woodrush
Harford's melica

Alaska oniongrass

Lemon's needlegrass

Few-flowered

torreyochloa

Nodding trisetum

WNHP-listed Sensitive

INDICATOR

INDICATOR
ONP Extremely Rare

ONP Extremely Rare
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Species

Vulpia microstachys

var. ciliata

Vulpia microstachys

var. microstachys

Common Name

Nuttall's fescue

Nuttall's fescue

Notes

Herbs

Achillea millefolium

var. lanulosa

Agoseris spp.

Anaphalis margaritacea

Anemone lyallii

Arabis spp.

Asarum caudatum
Athysanus pusillus

var. pusillus

Brodiaea coronaria

var. coronaria

Calypso bulbosa

Campanula scouleri

Cardamine integrifolia

var. sinuata

Cardamine nuttallii

var. pulcherrima

Cardamine oligosperma

Cimicifuga elata

Circaea alpina

ssp. pacifica

Circium edule

Clarkia amoena
ssp. caurina

Claytonia exigua

var. glauca (?)

Claytonia perfoliata

var. ?

Claytonia sibirica

var. sibirica

Collinsia parviflora

var. grandiflora

Collomia heterophylla

Crocidium multicaule

Cryptantha intermedia

var. grandiflora

Daucus pusillus

var. pusillus

Dichelostemma pulchellum
var. pulchellum

Common yarrow

Agoseris

Pearly-everlasting

Anemone
Rockcress

Wild ginger .

Sandweed

Harvest coronaria

Fairy slipper

Scouler's bellflower

Milk maids

Slender bittercress

Little western

bittercress

Tall bugbane
Enchanter's nightshade

Indian thistle

Farewell-to-spring

Pale springbeauty

Miner's lettuce

Siberian springbeauty

Small-flowered

blue-eyed Mary
Varied-leaf collomia

Spring-gold

Cryptantha

Rattlesnake weed

Ookow dichelostemma

ONP Extremely Rare

INDICATOR

INDICATOR

INDICATOR

WNHP-listed Sensitive

ONP Rare

INDICATOR

ONP Extremely Rare
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Species

Dodecatheon dentatum
ssp. dentatum

Epilobium ciliatutn

ssp. glandulosum
Epipactis gigantea

Fragaria vesca

ssp. bracteata

Fritillaria lanceolata

Galium aparine

Galium triflorum

Geranium bicknellii

var. bicknellii

Geum macropbyllum
Goodyera oblongiflorum

Heuchera micrantha
var. diversifolia

Hieracium albiflorum

Lithophragma parviflorum

Lobelia dortmanna
Lomatium utriculatum

Lotus denticulatus

Madia exigua

Madia madioides

Microsteris gracilis

ssp. gracilis

Microsteris gracilis

ssp. bumilis

Mimulus alsinoides

Mimulus guttatus

ssp. guttatus

Mimulus lewisii

Mimulus nasutus

var. nasutus

Mitella ovalis

Moehringia macrophylla

Montia diffusa

Montia parviflora

var. flagellaris

Montia parviflora

var. parviflora

Nemophila parviflora

var. parviflora

Oenanthe sarmentosa

Osmorbiza cbilensis

Petasitesfrigidus

var. palmatus

Common Name

White shooting star

Common willow-herb

Giant helleborine

Wood strawberry

Mission-bells

Cleavers bedstraw

Fragrant bedstraw

Bicknell's geranium

Largeleaved avens

Western rattlesnake-

plantain

Small-flowered alumroot

White-flowered

hawkweed
Small-flowered

prairiestar

Water lobelia

Pomo-celery

Meadow lotus

Little tarweed

Woodland tarweed

Pink microsteris

Pink microsteris

Chickweed monkeyflower
Common western

monkeyflower
Great purple

monkeyflower
Large-nosed

monkeyflower
Oval-leaved mitrewort

Big-leaved sandwort

Branching montia

Little-leaf montia

Little-leaf montia

Small-flowered

nemophila

Pacific oenanthe
Mountain sweet-cicely

Palmate butterbur

Notes

ONP Extremely Rare

WNHP-listed Sensitive

INDICATOR

ONP Extremely Rare

INDICATOR

WNHP-listed Sensitive

ONP Extremely Rare

ONP Extremely Rare

INDICATOR

WNHP-listed Sensitive

INDICATOR
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Species

Plectritus congesta

ssp. brachystemon

Pyrola asarifolia

ssp. bracteata

Pyrola picta

Ranunculus ucinatus

var. parviflorus

Rumex salicifolius

Sanicula crassicaulis

var. triparta

Satureja douglasii

Saxifraga integrifolia

var. integrifolia

Sedum oreganum
ssp. tenue

Sedum spathulifolium

ssp. spathulifolium

Silene antirrhina

Sisyrinchium douglasii

var. douglasii

Stachys cooleyae

Stellaria nitens

Streptopus amplexifolius

var. americanus
Tiarella trifoliata

var. trifoliata

Tolmiea menziesii

Tonella tenella

Trifolium microcephalum
Trifolium microdon

Trifolium oliganthum
Trifolium tridentatum

Triteleia hyacintbina

Urtica dioica

ssp. gracilis

var. lyallii

Valeriana scouleri

Vicia americana
ssp. americana

Vicia villosa

Viola adunca
var. adunca

Viola bowellii

Viola sempervirens

Yabea microcarpa

Common Name Notes

Rosy plectritis

Common pink pyrola

Whitevein pyrola

Western woods-buttercup INDICATOR

Willow-leaved dock
Pacific sanicle

Yerba buena
Early saxifrage

Oregon sedum

Broad-leaved sedum

Sleepy catchfly

Grass-widows

Cooley's hedge-nettle

Shining chickweed
Clasping-leaved

twisted-stalk

Trefoil snowflower

Youth-on-age

Small-flowered tonella

Small-headed clover

Thimble clover

Few-flowered clover

Tomcat clover

Hyacinth triteleia

Stinging nettle

Scouler's valerian

American vetch

Wooly vetch

Hook violet

Howell's violet

Evergreen violet

California hedge-parsley

INDICATOR

ONP Rare

ONP Extremely Rare

ONP Extremely Rare
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Species Common Name Notes

Shrubs

Arctostaphylos columbiana
Ceaonothus sanguineus

Chimaphila umbellata

ssp. occidentalis

Cornus unalaschkensis

Gaultheria shallon

Holodiscus discolor

var. discolor

Linnaea borealis

ssp. longiflora

Mahonia aquifolium

Mahonia nervosa

Oemleria cerasiformis

Pachistima myrsinites

Philadelphus lewisii

var. gordonianus

Ribes divaricatum

var. divaricatum

Ribes lacustre

Ribes lobbii

Ribes sanguineum
var. sanguineum

Rosa gymnocarpa
var. gymnocarpa

Rosa nutka
var. hispida

Rubus parviflorus

var. parviflorus

Rubus spectabilis

var. spectabilis

Rubus ursinus

ssp. macropetalus

Symphoricarpos albus

var. laevigatus

Vaccinium parvifolium

Whipplea modesta

Bristly manzanita

Ceanothus

Common pipsissewa

Unalaska bunchberry

Salal

Ocean-spray

Twinflower

Shining Oregongrape
Dull Oregongrape
Indian plum
Oregon box
Lewis' mockorange

Coast black gooseberry

Swamp gooseberry

Gummy gooseberry

Red-flowering currant

Baldhip rose

Nootka rose

Western thimbleberry

Salmonberry

Pacific blackberry

Common snowberry

Red huckleberry

Yerba de selva

INDICATOR
INDICATOR

INDICATOR

INDICATOR

INDICATOR

INDICATOR

INDICATOR

Trees

Abies grandis

Acer circinatum

Acer glabrum
var. douglasii

Acer macrophyllum

Alnus rubra

Grand fir

Vine maple
Douglas maple

Big-leaf maple

Red alder

INDICATOR

INDICATOR
INDICATOR
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Species Common Name Notes

Alnus viridis

ssp. simiata

Arbutus menziessii

Corniis nuttallii

Pinus monticola

Populus balsamifera

ssp. trichocarpa

Prunus emarginata
var. mollis

Pseudotsuga menzeisii

var. menzeisii

Rhamus purshiana
Salix hookeriana

Salix lasiandra

Salix scouleriana

Salix sitchensis

Taxus brevifolia

Thuja plicata

Tsuga heterophylla

Sitka alder

Pacific madrona
Pacific dogwood
Western white pine

Black Cottonwood

Bitter cherry

Douglas-fir

Cascara

Hooker willow

Pacific willow

Scouler willow

Sitka willow

Pacific yew
Western redcedar

Western hemlock

INDICATOR

INDICATOR

INDICATOR

INDICATOR
INDICATOR

ONP - Olympic National Park

WNHP - Washington Natural Heritage Program
INDICATOR - Taxa used for classifying vegetation types within project area(s).
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Table H-2

.

Exotic/adventive plants found in Elwha Valley,
Olympic National Park (from Olson et al. 1991)

Species Common Name Term1 Risk 2

Trees

Ilex aguifolium
Malus sylvestris

Shrubs

Cytisus scoparius

Herbs

English holly
Cultivated apple

Scot ' s broom

Per
Per

Per

Ser
Low

Sig

Arctium minus
Bellis perennis
Calystegia sepium

ssp. sepium
Capsella bursa-pastoris

var. bursa-pastoris
Centaurea cyanus
Cerastium fontanum

ssp. triviale
Cereastium glomeratum
Cirsium arvense

var. horridum
Cirsium vulgar

e

Convolvulus arvensis
Crepis capillaris
Daucus carota
Digitalis purpurea
Erophila verna

ssp. praecox
Erophila verna

ssp. verna
Eschscholtzia californica

ssp. californica
Galium odoratum
Geranium dissectum
Glecoma hederacea
Hypericum calycinum
Hypericum perforatum
Hypochaeris radicata
Lathyrus latifolius
Lathyrus sylvestris
Leucanthemum vulgare

Common burdock Bi NR
English daisy Per Low
Wild morning-glory Per NR

Shepherd ' s-purse

Cornflower
Common chickweed

Sticky chickweed
Canada thistle

Bull thistle
Field bindweed
Smooth hawksbeard
Queen Anne ' s lace
Foxglove
Spring whitlow-grass

Spring whitlow-grass

California poppy

Sweet woodruff
Cutleaf geranium
Ground ivy
Jerusalem star
Common St. John's-wort
Hairy cat's-ear
Everlasting peavine
Sm everlasting peavine
Ox-eye-daisy

Ann

Ann

Per

Low

Ann Low
Per Sig

Ann Pot
Per Ser

Bi Pot
Per NR
Bi Low
Bi Low
Bi Pot
Ann NR

NR

NR

Per Pot
Ann Low
Per NR
Per Pot
Per Sig
Per NR
Per NR
Per Sig
Per Sig
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Table H-2. Continued.

Species Common Name Term1 Risk2

Per NR
Bi NR
Bi Low
Per Low
Per NR
Per NR
Ann NR
Per Sig
Per Pot
Per NR
Per NR
Per NR
Per Pot
Per NR
Per Sig
Ann NR
Ann Pot
Per Ser
Bi Low

Ann-Per NR
Bi NR
Per NR

Linaria vulgaris
Mycelis muralis
Myosotis spp.
Narcissus psuedonarcissus
Papaver oreintale
Plantago spp.
Polygonum aviculare
Polygonum sachalinense
Prunella vulgaris
Ranunculus spp.
Rubus discolor
Rumex acetosella
Rumex crispus
Saponaria officinalis
Senecio jacobaea
Sonchus asper
Stellaria media
Taraxacum officinale
Tragopogon dubius
Trifolium spp.
Verbascum thapsus
Vicia sativa

Butter and eggs
Wall lettuce
Forget-me-not
Daffodil
Oriental poppy
Plantain
Common knotweed
Giant knotweed
Self-heal
Buttercup
Himalayan blackberry
Sheep sorrel
Curly dock
Bouncing bet
Tansy ragwort
Prickly sow-thistle
Chickweed
Common dandelion
Yellow salsify
Clover
Common mullein
Common vetch

Grasses

Agropyron repens
Agrostis spp.
Aira caraophyIlea
Aira praecox
Bromus hordeaceus
Bromus tectorum
Cynosurus cristatus
Dactylis glomerata
Holcus lanatus
Lolium nultiflorum
Lolium perenne
Phalaris arundinacea
Phleum pratense
Poa spp.

Quackgrass
Redtop
Silver hairgrass
Early hairgrass
Soft brome
Cheatgrass
Crested dogtail
Orchardgrass
Common velvet-grass
Italian ryegrass
Perennial ryegrass
Reed canarygrass
Common timothy
Bluegrass

Per Sig
Per Pot
Per Low
Ann Low
Ann NR
Ann Pot
Per Pot
Per Sig
Per NR

Bi-Per NR
Per NR
Per Ser
Per NR
Per Ser

1 Per = perennial; Bi = biennial; Ann = annual.
2 Classification based on numeric Exotic Plant Rating System
developed by Olympic National Park which evaluates each exotic
species against 17 biological criteria including autecology,
reproduction, and aggressiveness. Pot = potential;
sig=significant; Ser = serious; NR = not rated.
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APPENDIX I

DISPOSITION OF PROJECT LANDS

TRANSFER IN TRUST TO LOWER ELWHA S ' KLALLAM TRIBE

I . INTRODUCTION

The Elwha River Fisheries and Ecosystem Restoration Act (P.L.
102-495) directs the Secretary of the Interior to consider the
transfer of lands associated with the Elwha and Glines Canyon
projects "to the Lower Elwha Klallam Tribe in trust for tribal
housing, cultural or economic development purposes". The Tribe
is interested in gaining beneficial title to lands within the
project boundaries that will sustain limited development for
badly needed housing and other economic ventures, within
environmental constraints . Land uses proposed by the Tribe are
designed to meet long-term objectives for residential and
economic development to the benefit of the Tribe and surrounding
community, and to avoid adversely affecting restoration
activities. Implementation strategies will focus on methods to
determine and manage an appropriate quantity and density of
development while protecting the river ecosystem and maintaining
the scenic attraction of the area. The management philosophy of
the Tribe espouses environmental stewardship, interagency
coordination, and an active role in natural resources and
ecosystem restoration. Responsible stewardship has always been a
significant element in a culture whose members have depended
physically and spiritually on natural resources.

Restoration of the river ecosystem, particularly the anadromous
fisheries, is of paramount importance, both culturally and
economically. The Tribe fully supports management of the central
river corridor to protect the fish and wildlife resources of the
Elwha River. Creation of a conservation or refuge area would
preserve the area and help fulfill river restoration objectives.
At this time, the Tribe does not have sufficient financial or
technical resources to assume full responsibility for restoration
and management of conservation lands. However, the Tribe is
willing to explore the possibility of a cooperative venture to
restore and manage the river corridor, and could eventually
assume management responsibility for project lands. These lands
also contain traditional and cultural properties of great
significance to the Tribe. The Tribe is interested in management
of these lands for cultural purposes, including hunting, fishing,
spiritual practices and sustainable gathering of resources. As
participants in restoration and management of the river corridor,
the Tribe will continue its active role in the historic and
unprecedented restoration of the Elwha river ecosystem.

The Elwha S' Klallam Tribe has been integrally involved in
proceedings regarding the licensing of the Elwha and Glines
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Canyon dams, the dialogue and debate among local and regional
interests regarding the future of the Elwha River, and the
negotiated provisions included in P.L. 102-495. Dam removal and
acquisition of project lands by the United States in trust for
the Tribe would dramatically improve the Tribe's ability to
develop a strong economic and cultural presence, and to provide
community, stability and opportunities for education and
employment to all members. It represents an opportunity to
enlarge the tribal land base, meet the needs of tribal members
and ensure stewardship and restoration of the Elwha River, upon
which the Tribe is traditionally and culturally dependent.

II. LAND USE

General land use designations have been proposed on the basis of
environmental constraints, natural resources, environmental and
cultural resources, environmental carrying capacity, and
population and housing needs projections. Land use activities on
project lands have been classified into residential, economic
development, natural resources management, refuge, and mixed use
districts. Development of each of these districts will be guided
by specific goals, objectives, and implementation standards. A
brief description of each classification follows.

A. CONSERVATION/REFUGE

About 600 acres of the project lands are located within the river
corridor. This land would be set aside in perpetuity to preserve
and protect scenic resources and ecosystem. At this time, the
Tribe does not have sufficient financial or technical resources
to assume full responsibility for restoration and management of
conservation lands. However, the Tribe is willing to explore the
possibility of a cooperative venture to restore and manage the
river corridor, and could eventually assume management
responsibility for the project lands. As participants in
restoration and management of the river corridor, the Tribe will
continue its active role in the historic and unprecedented
restoration of the Elwha river ecosystem.

Restoration and management of refuge lands will be conducted
according to a Restoration and Management Plan, that will be
developed and implemented with the cooperation of those agencies
with relevant expertise and resources. These lands also contain
traditional and cultural properties of great significance to the
Elwha Tribe. The Tribe is interested in management of these
lands for cultural purposes, including hunting, fishing,
spiritual practices and sustainable gathering of resources. Use
of refuge lands will be limited to hiking, fishing, hunting and
gathering of traditional cultural resources, including but not
limited to cedar trees, wild plants, and secondary forest
products. Vegetation management will eventually return the river
corridor to the desired mixed coniferous-deciduous forest
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representative of large river systems in the region. A
pedestrian trail system could be established to promote
visitation in the refuge along with understanding and enjoyment
of the restoration process.

B. RESIDENTIAL

Based on soil and topography, approximately 120 acres appear
suitable for residential development, although access problems
could reduce that figure to about 7 acres suitable for
residential or mixed use development. Residential areas would
provide badly needed housing for Tribal members. Clustered
development and multiple-unit housing will be integrated with
single family homes. Residential areas will attempt to provide
community neighborhoods and safe, affordable housing.

C. ECONOMIC DEVELOPMENT

Less than 100 acres of project lands are located adjacent to
Highway 101 and appear suitable for economic development. An
additional 70 acres are identified under mixed use and will also
be suitable for some economic development. These areas will
sustain activities that support tribal and federal self-
determination and economic self-sufficiency policies.
Development within these areas must be appropriate to the setting
and supported by the tribal economic development plan and
strategic economic policy. Economic development scenarios are
currently being developed and cover a range of uses . While some
emphasis is placed upon high income-generating development
ventures, the opportunity also exists to pursue development
activities oriented towards recreational opportunities in and
around the river system, and that highlight the educational and
research opportunities provided by the restoration project.

D. NATURAL RESOURCE

Roughly 100 acres would not support development but could be
managed for groundwater protection, timber production,
recreation, fish and wildlife conservation, traditional cultural
uses, and the preservation of essential watershed functions and
values. The primary use of this land will be to conserve natural
resources, with an emphasis on providing scenic and cultural
resources. The use of alternative and progressive forest
practices will be encouraged on these lands. The open natural
character of the landscape will be preserved and natural
biophysical processes of the area protected. Use of this land
type will be governed by a natural resources management plan.

E. MIXED USE

Approximately 7 acres are located close to access roads and
could sustain either housing, or small-scale economic ventures,
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or both. These areas will allow for a combination of small-scale
economic development (including cottage industries) with
residential uses.

III. PRELIMINARY GOALS AND OBJECTIVES

A tribal planning group is developing goals and policies to
further define tribal priorities and land use. These goals will
help to define tribal environmental policy and create a policy
framework for the development of the Lake Aldwell lands.
Following are the initial suggestions being considered.

A. PROTECTION AND RESTORATION OF ECOSYSTEM

The Tribe's primary concern for the Lake Aldwell area is to
protect and manage the river corridor ecosystem and associated
fish populations. The Elwha Tribe recognizes the necessity of a
conservation or refuge area to preserve, protect, restore and
maintain the Elwha River corridor, fisheries and ecosystem. The
refuge should incorporate all lands within the river corridor and
associated uplands necessary to maintain the river ecosystem.
Management of refuge lands should incorporate some level of
coordination and assistance between agencies with expertise in
river restoration and refuge management.

Designated areas and sensitive zones within the river corridor
should be protected from surface or habitat disturbance
activities. Natural conditions should be preserved and
rehabilitated, including native species of plants and animals.
Sites of cultural and historic value within the refuge will be
designated and protected. Treaty rights must be recognized
within the refuge. Restoration and management responsibilities
must be shared by the agencies with appropriate expertise and
ability.

B. ENVIRONMENT

The Tribe recognizes the inherent value in clean air, clean
water, a restored fisheries, and environmentally safe and
sustainable living conditions. Every effort will be made to
protect these and related values. Development plans will
acknowledge and accommodate environmental constraints and include
environmental protection policies and enforcement mechanisms that
will assist in the preservation, conservation and enhancement of
natural resources. Upslope activities will be designed to
minimize impacts to the watershed, integrating natural processes
with sensible land management planning. Environmentally
sensitive areas on project lands will be identified through the
development of specific criteria for the classification of
sensitive lands, as well as policy and ordinances necessary to
protect these resources.
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The Tribe strongly advocates cooperative watershed planning and
management as an avenue for fish and wildlife habitat restoration
and protection, protection of water rights and water quality, and
protection of cultural places of religious, traditional and
historical significance to the Lower Elwha S'Klallam Tribe.
Watershed stability, restoration and sustainability will be
achieved through cooperative watershed management plans and
sustainable management of natural resources.

C. HOUSING

A high priority of the Tribe is to provide appropriate housing to
meet Tribal housing needs. Every member family should be assured
decent, safe housing according to its individual needs. The
availability of high quality, low income public and private
housing for occupancy by tribal members should be promoted, as
should the long range usefulness of the housing stock developed
on the reservation.

An emphasis will be placed upon the development of multiple unit,
clustered housing to provide the lowest possible housing cost for
groups and individuals unable to afford or manage care of a
single family house. This will also allow for large community
recreation facilities and areas of shared open space. Each
housing development should strive to create a feeling of close
community and connection between Tribal members.

Housing planning will be coordinated with standards for
protection of water resources, fish and wildlife habitat,
protection of cultural places, and protection of productive
natural resource economic units . Codes and standards that
promote quality residential development and protect the
environment will be established.

D. ECONOMIC DEVELOPMENT

Opportunities for economic development that emphasize and promote
traditional values of respect towards, and an understanding of,
natural systems will be encouraged. Land use decisions should
strive to combine the stewardship of natural resources with the
development of economic opportunities for the Tribe and tribal
members

.

Economic development should emphasize activities that result in
positive long-term cost/benefit ratios. Some of the economic
development ventures undertaken on project lands will recognize
the importance of the Elwha River ecosystem to the Elwha Tribe,
foster understanding of the ecosystem, and encourage the active
restoration of the river corridor.
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E. FISHERIES

The fisheries resources of the Elwha River are of vital
historical, economic and cultural importance to the Lower Elwha
Tribe. These resources should be restored, preserved, protected
and enhanced as a principle priority of the Tribe. Management
practices affecting fisheries will accommodate the goals of the
Puget Sound Salmon Management Plan and the Salmon and Steelhead
Management Plan for Strait of Juan de Fuca Terminal Areas.

A priority of management of the Elwha Project lands should be to
protect and rehabilitate fish habitat, to recover historic
fishing sites, and return former habitat to fish use. The
fisheries potential of all area streams should be maximized while
preserving their other numerous natural resource benefits.

F. CULTURAL RESOURCES

Every effort will be made to preserve the history and traditional
culture of the Lower Elwha S'Klallam Tribe. Sites that have
historical significance and traditional cultural properties will
be protected, maintained and enhanced. Use of cultural resources
on tribal land will be promoted and protected.

Valuable cultural and historical lands will be acquired by the
Tribe when available. When these areas are on non-tribal,
federal land, every effort will be made to develop a cooperative
agreement with the governing agency, to recognize and protect
those areas, and to preserve the right of the Tribe to use the
area for cultural purposes. Establishment of a tribal burial
ground in an ecologically and culturally appropriate location out
of the floodplain is a priority for the Elwha Tribe.

G. NATURAL RESOURCES

Suitable forested lands will be managed for natural resources,
including secondary forest products, alternative forestry
practices, and cultural resources. Selected project lands will
be used for traditional and cultural purposes, including fishing,
hunting, gathering of renewable resources, and spiritual
practices.

An economically viable and sustainable forestry management
program that does not adversely impact other natural resources of
the Elwha Tribe will be developed. Progressive forestry and
ground cover management programs will emphasize alternative
forestry techniques and a sustainable yearly income over long-
term rotations. The multiple use concept of forest management
will be encouraged and utilized in appropriate areas.

Forest management plan alternatives and policies will include
specifics on streamside management, fish and wildlife and
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cultural resource protection, and be compatible with state and
federal regulations. Low impact forest practices such as
selective cutting of timber, longer rotations and soil
conservation techniques will be used to minimize impacts to the
watershed. Effective buffer strips will be designed to protect
and enhance riparian area habitat along tributary streams not
protected under refuge status.

IV. IMPLEMENTATION

Development of project lands provided in trust to the Tribe must
occur in such a manner that both the quality and quantity of
future development comply with Tribal policies and environmental
limitations. The policies contained in this plan are intended to
promote the long-term quality of the project land's physical,
social, and economic environment. An implementation framework
for development of project lands will consist of regulations and
management programs formulated to achieve the Tribe's land use
objectives and policies. Implementation regulations will be
developed as the initial framework to direct development of the
project lands following decisions on land allocation.
Implementation tools may include a zoning ordinance, a
subdivision ordinance, a river corridor management ordinance, a
building code, and other regulatory programs deemed necessary to
carry out the intent of the plan.

A watershed-based approach to planning and some level of
cooperative management is necessary for effective restoration and
sound management of the Elwha River ecosystem and fisheries.
Cooperative planning efforts for the Port Angeles watershed
(which includes the Elwha River) are in the formative stages. It
is the intention of the Lower Elwha S'Klallam Tribe to
participate in County and City planning efforts, to encourage
cooperative planning wherever possible, to facilitate consistent
management plans across jurisdictional boundaries, and to ensure
protection of the area's natural and human resources. Management
programs will address the different land use elements and will
further clarify future directions and goals. These may include a
housing program, a utilities program, a capital facilities
program, a natural resources program (including a refuge
management plan and cooperative agreements regarding
responsibility for restoring and managing project lands), and a
transportation program. Implementation programs shall provide
innovative techniques for attaining goals and policies within
each of the functional areas.
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PROPOSED FUTURE MANAGEMENT OF GLINES CANYON PROJECT SITE
AND BACKCOUNTRY/WILDERNESS CONCERNS DURING DAM REMOVAL

I

.

INTRODUCTION

The purpose of the following discussion is to outline
backcountry/wilderness concerns related to the Glines Canyon
Project area and to develop a draft proposal for management of
the restored area within Olympic National Park. Present
backcountry facilities are summarized, the steps needed to
develop a post restoration management strategy are outlined, and
desired future conditions are recommended. Also included are
general guidelines for project work proposed in designated
Wilderness and in pristine/primitive areas not officially
designated as Wilderness.

II. PRESENT CONDITIONS

Designated Wilderness adjoins the project site.
Descriptions of the Wilderness boundary may be found on
"Wilderness Boundary" maps, August 1988, Joyce and Mount
Olympus quadrangles

.

West Lake Mills Trail (2.0 miles between boat launch and
Boulder Creek). Numerous campsites are scattered throughout
the area.

Lake Mills Trail (ca. 0.3 miles between Whiskey Bend road
and head of reservoir). Several campsites are in the area.

There are some dispersed campsites at the head of Lake
Mills, particularly near the mouth of Cat Creek. Most are
related to use by anglers and would be rendered obsolete by the
disappearance of the reservoir.

III. FUTURE CONDITIONS - CONSIDERATIONS AND PLANNING REQUIREMENTS

There are two major areas of consideration in reference to
wilderness /backcountry concerns: (1) guidelines on project work
proposed within pristine/primitive or Wilderness areas; and (2)
direction on post-project management of the area. A fundamental
component in building a future management strategy for the
project area is assignment of land use classification(s ) . The
area, or portions of the area, could be managed for frontcountry
recreational opportunities with developed campgrounds and roads,
primarily for backcountry recreational opportunities, or for
wilderness opportunities. The need for roads or other access and
motorized equipment for ongoing maintenance of the restoration
site would affect the land use classification.
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Development of a future (post-restoration) management strategy
for the project area includes the following steps:

Allocate the Glines Canyon Project area into use
classification zones and define the boundaries of each.

Determine if those areas within the natural zone should be
managed as backcountry or wilderness. Is the area to be
recreation oriented or wilderness value oriented? Should the
area be managed as backcountry, but not wilderness, with
options left open for future development of recreational
facilities or as wilderness moving toward Congressional
designation?

Allocate Opportunity Classes according to the future
natural, social and managerial conditions desired in specific
locations throughout the natural zone.

Monitor conditions within the natural zone to determine if
Wilderness Plan standards are met.

Restore wilderness conditions, including both ecosystem
processes and use related conditions to as pristine a level
as practicable within Opportunity Class standards. Improve or
restore designated campsites and trails and remove or restore
natural conditions in targeted main trails, social trails,
campsites, and day use sites.

IV. RECOMMENDATIONS FOR DESIRED FUTURE CONDITIONS

Restoration of the ecosystem in the Glines Canyon Project area
provides the opportunity to restore wilderness conditions. An
area where presently "man and his own works dominate the
landscape" can be restored to "an area where the earth and its
community of life are untrammeled by man" (Wilderness Act 1964).
Wilderness restoration and ecological restoration are in large
part much the same thing, and thus a goal for the project area
should be restoration of ecological processes and restoration of
wilderness. Following is a listing of recommendations to achieve
this goal.

In all alternatives, the majority of the Glines Canyon Project
area would be classified as a "natural zone" managed under
backcountry/wilderness guidelines. In Alternative A, the
"developed zone" would end at the Elwha Ranger Station with all
land above designated "natural zone". The Elwha Campground would
be expanded and Altaire Campground either removed or
rehabilitated into a backcountry camp area. The Hot Springs Road
would be removed beginning at the junction of the Whiskey Bend
Road and rehabilitated into a trail corridor. A trailhead
parking lot would be constructed in the vicinity of the Ranger
Station.
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In Alternative B, the "developed zone" would end at Altaire
Campground with all land above designated "natural zone". The
Hot Springs Road would be removed above Altaire and maintained as
a trail corridor. A trailhead parking lot would be constructed
in the vicinity of Altaire. After analysis of the floodplain, a
decision would be made to either retain or remove the Altaire
Campground.

In Alternative C, the "developed zone" would end in the vicinity
of the dam operator's house with all land above designated
"natural zone". The trailhead parking lot would be constructed
in the vicinity of the operator's house. The closed road above
the new trailhead would be removed and rehabilitated into a trail
corridor.

The removal /restoration project should be designed and performed
in such a way that upon project completion, ongoing maintenance
needs requiring roads and major mechanized equipment would not be
necessary. As a final part of dam removal and restoration, all
development associated with project work should be restored to
natural conditions

.

Areas in the vicinity of the project site that have Wilderness
designation should suffer no impacts as a result of
removal /restoration work unless the product is absolutely
necessary to meet the project's objectives and no other
alternatives are practicable, or the resultant impacts from
another alternative would have more serious consequences than the
resultant impacts to the Wilderness. Project impacts to areas
not designated as Wilderness within the project site but that
still retain pristine or primitive conditions should likewise
only be permitted if the product is necessary to meet the
project's objectives and no other alternatives are practicable,
or alternatives would result in more serious adverse impacts.

In all alternatives, those areas proposed as "natural zone"
should be designated by Congress as Proposed Wilderness during
major restoration, with Wilderness being officially designated
when major restoration work requiring developments, facilities,
major mechanized equipment, is complete. Opportunity Classes
should be allocated, conditions monitored, and specific plans
outlined for restoration of wilderness conditions in conjunction
with dam removal /project site restoration (ecosystem restoration
actions and wilderness restoration actions would in many cases be
the same). In all alternatives, the majority of the project area
would fall within Opportunity Class IV - Pristine. Wilderness
conditions within this Class, including both ecosystem processes
and use related impacts, would be restored to as pristine a level
as practicable during restoration work with the long-term goal
being restoration of conditions to pristine standards.
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In Alternatives A through C, allocation of Class III - Primitive
would be limited to a trail corridor between Boulder Creek and
Cat Creek and the area at the mouth of Cat Creek. Camping would
only be permitted on the gravel bars, providing visitors with a
primitive wilderness experience.

In all alternatives, the West Lake Mills Trail between the
present boat launch and Boulder Creek would be retained and
maintained as a foot trail. Two to four campsites at the trail's
end would be restored to wilderness standards, the remaining
non-designated sites and social trail impacts eliminated during
project work. The present Lake Mills Trail between the Whiskey
Bend road and the present head of the reservoir would remain a
foot trail to the waterfall, with an extension built to the river
if determined appropriate. One to two campsites would be
restored to wilderness standards, and the remaining sites and
social trail impacts eliminated during project work. Both of
these trail corridors and camp areas would be allocated as
Opportunity Class II.

Those sections of the Olympic Hot Springs Road targeted for
removal and rehabilitation as trail corridors in the three
alternatives would become Opportunity Class I (or Day Use
Opportunity Class depending on which areas are targeted for no
overnight camping). Thus in Alternative A, Opportunity Class I

would be allocated along the trail corridor from the new
trailhead near the Elwha Ranger Station, to Olympic Hot Springs.
In Alternative B, Opportunity Class I would be allocated along
the trail corridor from the new trailhead near the present
Altaire Campground to Olympic Hot Springs. In Alternative C,
Opportunity Class I would be allocated along the trail corridor
from the new trailhead near the present site of the dam
operator's house to Olympic Hot Springs.

Ongoing monitoring of wilderness conditions would be necessary
under all alternatives following project completion. Monitoring
would determine if Wilderness Plan standards are being met and
determine the management action(s) necessary to bring conditions
back within standard.
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APPENDIX J

INTERPRETING DAM REMOVAL

I . Introduction

Interpretation of the removal of the Elwha and Glines Canyon dams
would be complex, covering several messages from several agencies
(e.g., National Park Service, Fish and Wildlife Service) and
governments (e.g., Lower Elwha S'Klallam Tribe, Clallam County)
at many diverse sites. To provide these efforts, several new
facilities are recommended.

II. FACILITY NEEDS

The ideal approach would be to have an interagency educational
informational center located on Highway 101 with covered exhibit
shelters at each dam site and a hiking/bicycle trail between the
mouth of the river and the two dam locations . Under this
scenario the Interpretive Center on Highway 101 would provide the
overall story while the site exhibits would focus on what can be
seen from the sites. All facility sites should be wheelchair
accessible and include restrooms

.

A. EXHIBIT SHELTERS AT DAM SITES

Interpretation at the Glines Canyon site would interpret the
physical characteristics of its removal, emphasizing the
geological and biological story. Interpretation at the Elwha Dam
site would interpret the physical characteristics of its removal,
emphasizing cultural aspects. Both sites would cross reference
to a lesser degree the story told at the other site without being
repetitive. However the nature of the interpretation would
probably be different in scope between the two sites. Since both
the Glines Canyon and Elwha sites would be attractions,
provisions would have to be made to deal with high visitor use.

Because of its location within Olympic National Park, the Glines
Canyon site is a good candidate for a combination of staffed and
static interpretive efforts. This site is likely to be the
greater attraction so would necessitate a series of interpretive
talks scheduled throughout the day. A facility at this site
should provide an overlook facing upstream with a view of the
previous impoundment area. This would allow visitors to view
what originally lay there, what the impoundment looked like, and
finally what restoration efforts have accomplished. Site
specific messages should concentrate on restoration efforts, the
value of clear downstream channels for stream composition (i.e.,
gravel recruitment and water quality) and access of anadromous
fish to headwater spawning areas

.
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The Glines Canyon powerhouse is in a suitable location for
interpretation. However, significant problems would have to be
overcome, as with the Elwha powerhouse (see below). Between the
dam site and the powerhouse, near the base of the surge tower,
might be a more suitable site, with a walking trail access from
the upper site and a relatively small handicapped parking lot
near the overlook site. This site would allow a dramatic view
both upstream and downstream. Messages should center around the
reasons for dam removal and the need for governmental protection
of natural resources.

The Elwha Dam site is a good candidate for a static, unstaffed
interpretive site based around interpretive signs and a covered
viewpoint and interpretive facility, perhaps similar in design to
the Olympic National Park interpretive site at the base of the
Sol Due Valley. A shelter of this type is weather resistant,
built of local materials, and is aesthetically pleasing and
relatively unobtrusive. Interpretive efforts at the Elwha site
should center on the biological effects on the anadromous fish
resource and the effects its loss has had on local native
peoples. Because of the view of the river and of restoration
efforts upstream, this is a good site to discuss the before and
after.

Costs for each exhibit shelter: Planning $50,000
Structure 50,000
Exhibits 50,000

Site prep and parking 100,000
Rest rooms 50,000

unit costs 300,000

Total cost for shelters at both sites 600,000

Although use of the Elwha powerhouse for interpretation has been
suggested, it has significant drawbacks including (1) the
building may not be suitable for an interpretive center due to
condition, cost of maintenance, original design, location,
adaptability to meet handicapped access, safety, and sanitary
requirements, and (2) parking and handicapped accessibility would
be extremely limited at the site without extensive site
preparation and modification.

B. INTERAGENCY EDUCATIONAL INTERPRETIVE CENTER

Because both dam sites are some distance from the highway, some
type of highway-based interpretive center should be developed
directly along the Highway 101 corridor. This site should
include restroom facilities, parking, possibly a picnic area, and
informational and interpretive signs designed to prompt interest
in the other sites. Without such a facility, many visitors would
miss the opportunity to get an overview of the project,
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understand the reasons for its implementation, and be guided to
the dam sites. Should a fish refuge be established on the Elwha
River, a combination administrative headquarters /interpretive
facility could be established near the Highway 101 bridge. The
function of the facility would be to prompt tourists to stop at a
"roadside attraction" which would both provide an interpretation
of the refuge's restoration objectives and goals as well as
direct them to other sites. Failure to build an attractive,
effective roadside site would result in limited public
understanding of the overall Elwha project and suboptimal
visitation to the other sites.

Primary active participation would be by Olympic National Park,
the Lower Elwha S'Klallam Tribe and the U.S. Fish and Wildlife
Service. Input and cooperation with other Federal, Washington
State, and Clallam County agencies concerned with resource
issues, transportation, planning and tourism would be important.

Such an interagency visitor center is consistent with objectives
expressed at the recent Washington Coastal Corridor Conference
held in Ocean Shores in October 1992. It is also consistent with
concepts developed during a two day Highway 101 loop interpretive
preplanning trip by a task group of the Olympic Peninsula
Information Network (OPIN) . OPIN is an informal interagency
(Federal, State, local and private) group with representatives
from agencies with responsibilities for land, resources
management, and tourism on the Olympic Peninsula. An objective
of OPIN is to share information between agencies and to provide
it to visitors and local residents in an objective manner. OPIN
may play a key role in interpretive and informational planning
under the Washington Coastal Corridor planning project, which is
funded by Intermodal Surface Transportation Efficiency Act of
1991.

In addition to telling the dam removal story for visitors, a
visitor center on Highway 101 would help the Park by restoring a
visitor contact function that was lost when the Barnes Point
highway bypass resulted in the loss of a visitor contact facility
on Highway 101. This facility would also provide orientation
information to visitors visiting the Lake Crescent, Elwha, and
Sol Due Valleys of the Park and would help avoid problems at
beach areas such as Ozette Lake and Shi Shi Beach. It would also
provide interagency tourist information traveling both west and
east from this point.

Although limited by local terrain, location of this facility is
somewhat optional. The Center could be located on lands
designated as trust territory for the Lower Elwha S'Klallam
Tribe. If so, the facility would enhance the Tribe's proposed
commercial enterprises in that area. The facility could also be
placed on lands associated with a fish refuge or on nearby
purchased private lands

.
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C. FACILITY OPTIONS

1. Visitor Center. Ideally, the scale of such a facility would
be comparable to the Olympic National Park Visitor Center in Port
Angeles or the proposed Kalaloch Visitor Center. Along with the
representatives of the rest of agencies who are familiar with
this proposal, the staff of Olympic National Park supports this
proposal. However if the Park must choose between this center
and one proposed at Kalaloch, which is also strongly supported by
the local community and would be interagency in nature, the Park
would place priority on the Kalaloch Center. Both visitor
centers are supported by the OPIN preplanning group.

Estimated cost $6,000,000 - $7,000,000

2. Visitor Contact Station. A somewhat lesser visitor contact
station could be built with moderate exhibits and staffed seven
days a week at least 6 months of the year.

Estimated cost $3,000,000 - $4,000,000

3. Minimal Building. A minimal building with some offices and
storage space and a small visitor lobby could be built and
staffed as above.

Estimated cost $1,200,000

4. Exhibit Shelter. An exhibit shelter, similar to those
recommended at the dam sites, could be built. The restrooms
should probably be more expansive and a turning lane for safe
access would need to be provided. This would serve as a "mini
rest stop" and still draw visitors to the Elwha economic area
and, to some extent, help orient visitors.

Estimated cost $500,000

5. Combination. A combination of Option 4 and one of the
cheaper options preceding it could be accomplished.

Estimated cost $1,200,000 to $4,000,000

6. Sweets Field. Should an interagency visitor contact facility
on Highway 101 not be feasible because of conflicts of land use,
Options 3 or 5 could be implemented at "Sweets Field" within
Olympic National Park in the Elwha Valley. However, this
location is less desirable because it is several miles from
Highway 101 so would not attract and serve as many passing
motorists

.

Estimated cost $750,000 - $1,200,000
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Regardless of the option chosen, tours operated in conjunction
with Clallam County Transit or private vendors would be
encouraged. Visitors could be picked up at the Port
Angeles /Victoria ferry terminal and brought on site. Such tours
might be tied in with tours to other locations in the Park, the
Olympic Park Institute, a Lower Elwha S'Klallam Tribe long house
on Ediz Hook, or other attractions.

Because the effect of dam removal is so complex and affects a
large area, several additional interpretive sites should also be
considered, including (1) the former site of Lake Aldwell,
possibly near the current boat launch site, (2) hiking trails
through the restoration areas at both impoundments, (3) a hiking
trail through the project area linking the City of Port Angeles'
waterfront trail to trails within Olympic National Park, (4)
overlook sites at identified anadromous fish spawning locations,
and (5) an interpretive display at the Olympic National Park
Visitors Center in Port Angeles.

The variations are probably endless, although the main points
remain the same (i.e., interpretation of four major themes at
four or more major sites). Although the dam sites might seem to
be the most important, their distance from the main highway
routes will limit public use unless a suitable and effective
means of channeling visitors to the interpretive sites is
established. Past experience tends to indicate that a highway
based primary interpretive site would be the most important
single component of this effort.

D. EXPANDED DESCRIPTION OF INTERPRETIVE OBJECTIVES

Some thrusts of the interpretation, not in priority order, are
listed below.

1. To describe to some degree the physical and operational
characteristics of the dams, including dimensions, megawattage
generated, and sizes of impoundments.

2. To describe the processes associated with the removal of
the dams in terms of:

a. attempts to minimize impacts during removal;

b. the groundwork layed for a return to natural conditions;
and

c. the scale of the work and technology associated with the
enterprise.
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3. To discuss in an objective and nonjudgemental manner
changing resource management values as our scientific knowledge
has increased and certain resources have become more scarce
including:

a. local governmental and fish hatchery concerns about clean
water;

b. power needs of the Daishowa America Mill;

c. National Marine Fisheries Service's role in maintaining a
viable commercial and recreational offshore fishery;

d. U.S. Fish and Wildlife's role in maintaining wildlife
habitat, fisheries restoration, and recreational fisheries;

e. the National Park Service's role in preserving and
interpreting natural systems;

f. the Lower Elwha S'Klallam Tribe's role in cooperative
resource management and balanced use; and

g. the role and cooperative efforts of related state
agencies

.

4. To discuss the geological and biological dynamics
associated with the construction and removal of the dams in
terms of:

a. geological changes such as (1) gravel transport and
deposition patterns, related topographical changes from
braiding, side channel formation and woody debris deposits,
spawning gravel formation, and effects on Ediz Hook, and (2)
stream flow, turbidity, and water temperature effects on
fish;

b. roles of anadromous and resident ( non-anadromous ) fish
including the fact that the Elwha River is one of a few river
systems that historically supported all the Pacific Northwest
anadromous salmonid species;

c. plant community responses and succession patterns during
natural revegetation and man's efforts to mimic nature's
patterns;

d. related impacts on other wildlife, including the role of
fish carcasses in providing nutrients to aquatic and riparian
zones and wildlife responses to changing habitats;

e. the value of wildness and preservation of genetic stocks;
and
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f. discussing a time line for expected restoration to occur.

5. To discuss the cultural impacts, especially from a Native
American perspective, associated with the construction and
removal of the dams, including:

a. the S'Klallam Creation Site under Lake Aldwell;

b. the history of S'Klallam Village at the confluence of
Indian Creek and the Elwha River;

c. treaty rights and the traditional dependence upon the
Elwha River for subsistence; and

d. the spiritual value of the river ecosystem as the heart
of S'Klallam culture.

III. OPERATIONAL NEEDS

Although independent interpretive shelters and self-guided hikes
would be important components of any interpretive program, such
an effort would be incomplete without staffing to provide
programs, guided hikes, and to answer the myriad of questions
that will arise. The following staffing would meet that need:

One GS 7/9 time interpretive supervisor $37,500

Two full time GS 5 Naturalists 51,000

Four GS 4 six month positions. 39,500

Est. subtotal 128,000
Plus approx. 5% support costs 7,000

Total 135,000

It would be helpful if special legislative authorization made it
permissible to preferentially hire half of these positions from
Native Americans

.
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APPENDIX K

ELWHA ECOSYSTEM RESTORATION STUDIES

Public Law 102-495 affords a unique opportunity to monitor and
evaluate changes to a large river ecosystem resulting from the
removal of two large dams and the restoration of native
anadromous fisheries. Measures of existing geological,
hydrological, and biological components of the ecosystem must be
collected to provide a comparison to the restored ecosystem. The
proposed studies would provide for the assessment of how
ecosystems respond to restoration efforts, techniques for
restoring severely depleted fish stocks, and the response of fish
to altered stream conditions following man-caused perturbations.
Surveys of existing conditions should be initiated as soon as
possible to generate a database that includes measures of
interannual variations in natural processes. Designs of studies
of existing conditions must be consistent with the long-term
database needs for evaluations of the restored ecosystem.

1. Anadromous Fish

a. Conduct gill netting in the lower river to determine the
entry timing and abundance of spring chinook salmon (Oncorhynchus
tshawytscha) and late winter and early summer steelhead (O.
mykiss) . This study is currently being conducted by the U.S.
Fish and Wildlife Service (FWS) and the Lower Elwha S'Klallam
Tribe (Tribe) through 1995.

b. Conduct spawning ground surveys and genetic stock
identification (GSI) sampling for chum salmon (O. keta) . The
native stock has declined and non-native fish have been planted
in prior years. This study, which was begun by the FWS and Tribe
in 1993, would provide an assessment of the existing stock and
data regarding the genetic influence of prior plants of non-
native fish.

c. Conduct spawning ground surveys and GSI sampling for the
severely depleted stock of Elwha pink salmon (O. gorbuscha) .

Questions remain whether the few remaining fish are native to the
Elwha or are strays from other river systems. GSI sampling
should provide some information that will be useful in
determining whether the remaining fish should be used for
broodstock or whether it may be acceptable to import another
stock. The spawning surveys should be conducted each pink return
year (odd numbered years).

d. Determine annual returns of naturally spawned summer/fall
chinook, coho (O. kisutch) and sockeye (O. nerka) salmon prior to
and following removal of the dams. Estimates are currently
generated by the State and Tribe, but refinement of these
estimates is desirable.
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e. Determine ability of resident rainbow trout (0. mykiss) to
resume anadromous behavior and serve as broodstock for steelhead
restoration. This study is currently being conducted by Olympic
National Park and the Tribe and is scheduled through 1996.

f. Conduct a fish habitat (wetted area, woody debris, and
pool/riffle area) assessment of the Elwha River from Glines
Canyon Dam to tidewater. This assessment should be conducted
once before removal of the dams and periodically following
removal

.

g. Determine spawning and rearing potential for sockeye salmon
in Lake Sutherland. Assess opportunities for enhancement.

2. Resident Fish

a. Assess fish community structure (species, population sizes,
distributions) in upper, middle, and lower river and establish
monitoring indices. This study should be conducted biannually
before and following dam removal.

3 . Aquatic Invertebrates

a. Inventory aquatic invertebrates in upper, middle, and lower
river and establish monitoring sites and indices in each section
of the river. This study should be conducted biannually before
and following dam removal.

4. Riparian Plant Communities

a. Inventory riparian plant communities from the mouth of the
river to the upstream limit of anadromous fish migration. This
inventory should occur once before removal of the dams and every
five years following removal.

5. Water Quality

a. Compile existing information regarding temperature,
dissolved oxygen, turbidity, and streamflows. Initiate a
monitoring program for each of these factors in the upper,
middle, and lower river sections.

6 . Sediment Transport and Stream Channel Morphology

a. Describe substrate composition, depth, and channel width
across representative transects in the middle and lower river to
tidewater. A measure of sinuosity for the entire affected river
should also be collected. This characterization should occur
once before dam removal and biannually following removal.
Measures of streamflow necessary for this study should be
collected consistent with study 5a.
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b. Model bed load redistribution and reworking, and the
effects on downstream bed sediment delivery, including the marine
environment

.

7 . Marine and Estuarine Resources

a. Map the physical and biological features (i.e., vegetation
and shellfish) of the estuary and reservation beaches. This
assessment should be conducted annually.

8. Wildlife

a. Conduct population surveys for osprey, red-tailed hawk,
bald eagle, merganser, and otters and establish monitoring
indices. This study should be conducted biannually before and
following dam removal.

b. Radio-tag elk to determine seasonal movements and migration
patterns. This study should be conducted for two years prior to
dam removal and periodically following removal.

9. Cultural

a. Restoration of anadromous fish will provide additional
harvest opportunity for the Tribe. As well, religious and
culturally significant sites will be uncovered. The impacts of
these effects to the Tribe should be fully assessed.

10. Economic

a. Restoration of the Elwha ecosystem should result in
increased tourism, recreational and commercial fishing
opportunities, and short-term economic growth associated with dam
removal activities. The impacts to the local (City and County)
economy should be assessed.
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APPENDIX L

IMPACTS TO CULTURAL RESOURCES

I. CULTURAL RESOURCES

The Elwha S'Klallam have lived in and utilized the river basin
for thousands of years. Villages and fish camps, tribal history,
and tribal culture are all integrally connected to the watershed
and the river system. Although there are several areas of
particular significance to the S'Klallam within the Elwha Valley
(and particularly within the Lake Aldwell project area), the
S'Klallam inhabited a sizable area and have strong cultural and
spiritual ties to the entire ecosystem. The river system was
accorded immense respect. The river was the heart of the
S'Klallam' s ceremonial, cultural, and spiritual existence and the
watershed provided the resources necessary for sustenance and
lifeways. In this way, the entire river is a cultural resource.

There are four areas of special meaning within the general
project area, in addition to village sites, seasonal camps and
other named sites. While the general locations are known, the
accuracy of mapping such sites would be inexact. Anthropologist
Dr. Barbara Lane is researching cultural resources of the Elwha
valley. Jacilee Wray, anthropologist at Olympic National Park,
is preparing a document outlining S'Klallam use of the Park area.
Tribal Cultural Resources staff are continuing to work with
tribal elders on identifying significant areas. More information
will become available as these projects are developed.

A. SITES OF SPECIAL SIGNIFICANCE

1. Thunderbird's Home. Many S'Klallam stories mention
Thunderbird, who provides extraordinary spiritual power, and
place his home within the valley. Thunderbird is a powerful
figure, accorded much respect.

2. Creation Site. The spot where the Creator formed the Elwha
people is presently inundated by Lake Aldwell. There is also an
area nearby, below the Olympic Power Company's plant, where the
Creator originally tried to form the people, but decided to move
on to the Creation site now under water.

3. Cleansing Site. Also presently under Lake Aldwell. It has
also been named "where they bathe" and described as a place where
people went to purify themselves and receive spiritual guidance.

4. Prophecy Hole. This is a spot just above the Elwha dam,
where S'Klallam people went to receive guidance and get a glimpse
of their futures.
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5. Villages/Seasonal Camps /Smokehouses . An Indian village with
permanent housing and both permanent and seasonal residents was
located near the confluence of Indian Creek. Another settlement
was reported some twenty miles inland by anthropologist Erna
Gunther. Seasonal hunting and fishing camps were located on the
river near the mouth of Boulder Creek, and on Hayes river in the
upper Elwha. Smokehouses were documented on Little River and
Indian Creek, and above Glines Canyon near what is now Lake
Mills.

6. Burial Areas. Burial grounds are associated with all
permanent villages, although their exact locations are unknown.
A single grave, indicative of war or disease, containing
S'Klallam relics and more than 40 skeletons was found on the
Lower Elwha.

B. OTHER NAMED SITES IN PROJECT VICINITY

1. "Esna'wlL". "Enclosed by a canyon". The site of the Olympic
Power Company

.

2. "Tcitsqlo' s" . "Place where there are holes in the face of
the rock". Near the power plant.

3. "Tea pe'tsln". "Mouth of the steep place". Vertical cliff
near the power plant.

4. "Cate'a'i". "Where one pounds sinew on a rock". A boulder
above the cliff, where sinew may have been made in sinew rope.

5. "Sa iyo'qtEn". "Where they bathe". Above the power plant.

6. "TestctLIexEd". Diminutive of "hell". Above the fork of
Indian Creek.

C. SIGNIFICANT SITES OUTSIDE OF THE PROJECT AREA

1. Power Sites. Far up in the mountains are basins with water
which gave the Elwha Klallam a mysterious power over other
Indians, allowing them to call people from long distances. The
S'Klallam also used a "talking power" to persuade their own
longhouse poles to lengthen or shrink.

2. Indian Homesteads. Following European contact, several
Indian homesteads were patented within the river valley.

3. Seasonal Camps. In the mountains above Lake Mills, there are
several specific sites where Klallam families established
seasonal camps for hunting, fishing and gathering of plants and
berries

.
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4. Cable Ferry. During reconstruction of the Elwha Dam, an
Elwha tribal member ran a cable ferry across the river, at the
Lower Elwha Wagon Bridge location.

II. ARCHEOLOGICAL RESOURCES

Archeological remains in the Elwha Valley were probably not
extensive, even before construction of the dams. Villages and
seasonal camps are usually found in well protected areas with
relatively easy access to fish. These areas also tend to be
geomorphically dynamic. Located along the water's edge, they
would be subject to cyclical flooding and erosion as the Elwha
River was constantly cutting its banks and redepositing its
sediment load. This type of dynamic landscape has been
documented on other rivers to change every hundred years or so.
Sites would have been swept away as the river changed its course.
Thus, the oldest remaining archeological deposits may be less
than two hundred years old.

Artifacts associated with such sites testify to their use. Most
would consist of wood, bone and shell remains. In many cases,
the presence of shell would contribute to a shift in soil
chemistry, changing the highly acidic forest soil to a more basic
soil in which bone and shell artifacts would survive. At other
sites, the acidic nature of the soil would result in many
artifacts disappearing, leaving only charcoal and maybe fire
cracked rocks

.

Construction activities would have created further damage to
sites in the immediate vicinity of the dams. Historic photos
show clearing and alteration of the landscape. The rapid release
of water from the failure of the Elwha Dam foundation would have
eroded stream confluences and other areas. Construction
associated with the rebuilding of the dam involved massive
blasting of bedrock cliffs. Each of these actions could have
reduced the number and integrity of archeological sites in the
valley. Thus, by 1913, there may have been limited archeological
materials remaining in the project areas. Those that did remain
would have been buried by the massive amounts of sediment that
have been laid over the bottoms of the reservoirs

.

III. HISTORIC RESOURCES

Both the Elwha and Glines Canyon projects were listed on the
National Register of Historic Places in 1988 as a result of a
statewide study and evaluation of hydroelectric projects. As
described by Soderberg (1988), the Elwha River Hydroelectric
Power Plant is:

a historically significant example of a low head hydroelectric
system in Washington State from the early 2 0th century ... .the
dam is a rare, early example of the multiple-buttress
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type... the "blowout" and reconstruction of the original dam
foundation is noteworthy because it represents a failure of
early engineering and a successful response to that failure.

Soderberg (1988) attributed the significance of the Glines Canyon
Power Plant to:

its association with the evolution of power plant design and
contributed to the development of the automation of
hydroelectric installations ... .as one of the last dams within
the state to be constructed solely for the purpose of power
generation, it marks the closing of an era which characterized
early hydroelectric development within Washington State.

The evaluation of the historical significance of both dams ended
with similar statements which referenced the long debate over the
destruction of the upstream fisheries that resulted from the
dams' construction:

Although construction of the facility [Glines] represented a
significant achievement for the utility, the project provided
no mitigation for the serious loss of fish runs, the inundation
of wildlife habitat, or the disruption to the traditional
cultural and subsistence economy of the Lower Elwha and
Jamestown tribes. Any assessment of the historical impact of
this plant must recognize the damage inflicted on both the
native inhabitants and the natural environment.

IV. RECOMMENDATIONS FOR TREATMENT AND/OR MITIGATION

A. CULTURAL RESOURCES

The river ecosystem itself is a cultural resource of immense
value to the Elwha S'Klallam. Restoration of the free-flowing
river and its attendant wildlife and fish habitat would mean a
revival of the cultural values that were impaired by dam
construction. Restoring the cultural milieu is a different task
than conducting archeological surveys or documenting
characteristics of a physical structure such as the dams. The
cultural resource that is the Elwha River ecosystem would be
restored as habitat and fisheries restoration occurs, and as the
Elwha S'Klallam are able to return to the area to practice
traditional activities upon which their culture was formed,
including fishing, hunting, gathering of natural resources and
the practice of their traditional resource focused spirituality.

Interpretive programs that help foster cultural awareness among
visitors to the area, tribal members and other local residents
would also help to increase recognition of the river's worth on a
holistic level. The ethnographic study proposed in the following
section would help further develop the concept of the area as a
cultural resource, identify specific areas of significance
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because of their role in spiritual practices and cultural
identity, and help promote an understanding of the historical and
cultural link between the S'Klallam people and the Elwha River
system. This educational effort would also stimulate an
awareness among non-S 'Klallam people of not just the biological
and physical value of a river ecosystem, but also its capacity
for spiritual and cultural value among all peoples.

B. ARCHEOLOGICAL RESOURCES

In the years since dam construction, massive amounts of sediment
have effectively buried any remaining archeological deposits
behind the dams . The archeological survey of the current
reservoir bottom would tell very little about the earlier
landscape, much less yield any archeological sites.
Consequently, it is not surprising that a previous cultural
resource survey of the valley did not locate any significant
prehistoric or historic archeological sites (Wesson and Welch
1987), even though ethnographic accounts of Native American use
in the valley identify as many as twelve locations on the lower
river, including a major village on the west bank and at the
confluence of both Indian Creek and Little River. Another major
village is reported for the south end of Lake Mills.

If the dams are removed, the recommended course of action to
protect archeological sites during and after dam removal would be
to monitor the reservoir as the river cuts down the sediments
that layer the reservoirs ' bottoms . The most prudent action
would be to survey the bottoms after the dams have been removed
and for a 5 to 10 year period afterwards. Spring and fall
surveys should be conducted of the stream and river banks as the
river reestablishes its watercourse. If archeological materials
are encountered, they would have to be tested to determine if
they were significant and what actions should be taken to
preserve or recover the information in the sites.

Archeological survey to document and prepare a report on the
archeological resources within the project area of effect.
Based on using the equivalent of a GS-9 archeologist for 9

months and two GS-7 archeologists for 5 months each, plus 30%
support costs.

Cost Estimate: $55,000

Archeological surveys for a 5 to 10 year period following dam
removal

.

Cost Estimate: $15,000/yr

Ethnographic survey to document and prepare a report on the
ethnographic resources within the project area of effect and an
ethnohistorical study to record locals' memories. Based on
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using the equivalent of a GS-9 ethnographer for 6 months plus
30% support costs

Cost Estimate: $29,400

C. HISTORIC RESOURCES

Initial informal consultations with the Washington State Office
of Archeology and Historic Preservation, which prepared and
submitted the nominations for both dams, indicate that the Office
continues to recognize the impacts of the dams on both natural
and other cultural resources, as well as the potential need to
remove the dams to restore the fisheries. If removal of the dams
in their entirety is approved, further consultation on
appropriate mitigation would be required. Components of any
mitigation project include documentation of the projects in their
entirety to the standards of the Historic American Engineering
Record to prepare a permanent record that would be maintained in
the Library of Congress. This documentation would include a
history of the project, measured drawings of designated features,
photographs, and archival copies of important engineering records
and drawings. Other forms of mitigation could include providing
for on-site (or within the park) interpretation of the projects
through a mixture of interpretive device and techniques.

Historic American Engineering Record documentation of the dams
plus associated structures (Level 1 = measured drawings,
historical report, photographic documentation).

Cost Estimate: $100,000

A camera system to record dam removal activities by taking
regular-interval photographs

.

Cost Estimate: $20, COO

III. CONCLUSIONS

In Section 106 of the National Historic Preservation Act,
Congress provided a means for Federal agencies, in consultation
with the Advisory Council on Historic Preservation, to evaluate
the effects of their proposed undertakings on cultural,
archaeological and historic resources eligible for or listed on
the National Register of Historic Places. However, Section 106
does not explicitly or implicitly ensure the preservation in
perpetuity of any of these resources. The purpose of Section 106
is to ensure that the significance of these resources be taken
into account in the balancing act of competing interests and
needs that defines the final equation of all planning and
management decisions. Section 106 does not recognize the
cultural significance of resources not eligible for listing on
the National Register, and it fails to provide a mechanism for
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evaluating the significance of natural areas as cultural
resources.

The process of inventory, evaluation and development of treatment
recommendations reflected in this discussion of cultural
resources is consistent with the requirements of Section 106 and
consultations would continue with all affected parties. Based on
the results of this process to date, however, it is our
conclusion that significant information about the dams could be
preserved through the Historic American Engineering Record if
they are removed. There is also the possibility that other
cultural resources, both archeological and ethnographic, could be
enhanced following dam removal. As indicated in the above
quotation from the National Register nominations for the dams
themselves, the enormous significance of the restored fisheries
to contemporary populations and the river system is a legitimate
and worthy counterweight to the loss of the dams in the final
management equation.
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APPENDIX M

AGENCY AND PUBLIC COMMENTS

Approximately 200 members of the public attended an Open House
that was held in the Port Angeles High School Library on October
18, 1993. The Open House provided the public an opportunity to
query the developers of the Elwha Report in their areas of
expertise. Comments made by the public were recorded. A written
comment period was also provided following release of the Public
Review Draft of the Elwha Report on October 4, 1993, till
November 8, 1993. The Elwha Report has been modified where
necessary based on the comments received. Copies of the comment
letters are included herein.

Many of the questions /comments were similar in nature and have
been summarized below. Responses to each of the
questions /comments are included.

Question/Comment 1: More time needs to be provided to comment on
the Elwha Report.

Response 1 : Given the length of the report and the amount of
information contained therein, we can understand the desire for
more time. However, Public Law 102-4 95 requires submission of
the Report to the Congress by January 31, 1994. There simply is
not enough time to allow for an extended comment period and still
meet the mandated deadline. However, additional public
involvement will be essential during development of an
Environmental Impact Statement (EIS) on dam removal if the
decision is made to fully restore the Elwha River ecosystem and
native anadromous fisheries.

Question/Comment 2: The conclusion that the dams must be removed
to fully restore the ecosystem is biased.

Response 2: The conclusion that the dams must be removed to
fully restore the Elwha River ecosystem and native anadromous
fisheries is based on many years of scientific analysis and is
consistent with studies conducted by the Federal Energy
Regulatory Commission (FERC) and the General Accounting Office.
It simply is not possible to restore the native anadromous fish,
habitat, and natural ecosystem processes as long as the dams
remain on the Elwha River.

Question/Comment 3: The validity of the analysis of fish passage
measures in meeting the goal of full restoration is suspect,
particularly because of a perceived lack of consultation with the
Army Corps of Engineers (ACOE).

Response 3: The National Marine Fisheries Service (NMFS) and the
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Washington Department of Fisheries (WDF), both agencies with fish
passge expertise , were intimately involved in the FERC licensing
proceeding where fish passage measures were evaluated. FERC '

s

conclusions, based on input from these agencies, were largely
included in Section V (Consequences of Alternatives) of the
Report. NMFS and WDF were further consulted during the Report
process. The ACOE was also consulted, and a copy of their
comments is included.

Question/Comment 4: The loss of habitat provided by the two
reservoirs will result in impacts to wildlife, including species
such as the trumpeter swan, bald eagle, osprey, beaver, great
blue heron, and harlequin duck. Will those species that depend
on lake habitat be sacrificed for those that depend on riverine
habitat?

Response 4: While the removal of the dams and reservoirs may
adversely impact a limited number of species and result in a
decline in their abundance, restoration of the Elwha River is
considered to be largely beneficial for most wildlife. A few
species with highly specialized feeding strategies, such as the
trumpeter swan (which is native to the region) and osprey, may be
impacted by the loss of shallow water habitat with submerged
aquatic vegetation and large open water habitat, respectively.
Except for the delta regions, the two reservoirs are deep and
have very steep shorelines, which provide very little of the more
productive littoral zone. The restoration of the physical,
hydrologic, and biological processes that would result from the
removal of the dams is expected to replace or enhance most of the
functional values presently provided by the reservoirs . Further
analysis of impacts (positive and negative) to wildlife and
potential mitigative measures will be conducted during
development of the ElS/advanced planning report.

Question/Comment 5: Will the removal of the dams result in a
loss of wetlands?

Response 5: It is expected that there will be a net increase in
wetlands following dam removal. The removal of the projects,
including the control and stabilization of accumulated sediments,
may result in the loss of some existing wetlands because of
changes in topography and hydrology. However, the restoration of
natural fluvial processes should result in the formation of new
or the expansion of existing wetlands along some sections of the
restored river channel. In addition, opportunities for creating
wetlands in the former reservoir areas will be explored in
connection with sediment stabilization efforts. The above issues
will be addressed in greater detail during development of the
ElS/advanced planning report.

Question/Comment 6 : How can dam removal be done without
impacting spotted owls?
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Response 6: The timing and nature of removal activities will be
designed to minimize impacts to any spotted owls that may occur
within the project area. In the long-term, the impact of project
removal will be beneficial since it would result in an increase
in potential foraging and nesting habitats.

Question/Comment 7 : What is the rationale for altering existing
habitat? The dams have created a modified ecosystem for 80 years
and removal will change that.

Response 7: From a biological basis, the potential benefits of
removing the dams to restore the Elwha River ecosystem far
exceeds the negative impacts associated with the loss of habitats
artificially created by the two reservoirs. Because of their
depths and deep shorelines, the two reservoirs are relatively
unproductive and they prevent the full restoration of anadromous
fish runs.

Question/Comment 8: If the Elwha Project lands are held in trust
for the Elwha Tribe, the lands could be logged for short-term
profit. Also, is the Tribe's proposed gambling casino going to
have an impact on the restoration project?

Response 8: Elwha tribal land use policy, especially regarding
property associated with Elwha River restoration, prioritizes the
protection and restoration of the river system and fisheries,
consistent with P.L. 102-495. The Tribe does not plan to manage
Elwha Project lands for profit at the expense of the natural
resource. Long-term rotation (i.e., large-scale, clearcut
logging) is not being considered by the Tribe as a management
option. The Tribe will develop a forestry management plan that
advocates progressive and alternative practices that safeguard
the forest ecosystem and aesthetics while providing a small
amount of yearly, sustained income for those uplands not directly
within the central river corridor. The central river corridor
within the project boundaries, about 60% of the Elwha Project
lands, would be protected.

The Elwha Tribe's proposed casino project is unrelated to the
restoration project and will, in all likelihood, be constructed
and operating before river restoration proceeds to the point of
project land disposition and dam removal. Location of a proposed
casino site has not yet been determined, but will occur within a
year.

Question/Comment 9: What are the major issues involved with
removing the accumulated sediments and how much will it cost?
What are the advantages and disadvantages or relocating the
sediment on-site and what are the disadvantages of letting the
sediment wash down river?

Response 9: The major issues involved with managing or removing
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the sediment are how and where to relocate the trapped material
in order to create a path for the river. A range of costs were
developed associated with nine separate approaches to sediment
management. These costs ranged from $50 to $194 million (see
Section VI.C.2)

.

Major advantages and disadvantages are related to costs and
impacts on the river and surrounding environment. Cost
advantages were gained from approaches that moved or handled the
smallest quantities of material. For example, allowing the river
to transport material (Scenario 7) instead of removing it with
mechanical equipment resulted in the lowest cost. Relocating
only the material in the immediate path of the river to a
location adjacent to the river (Scenario 5) also resulted in a
relatively low cost. Moving the material away from the reservoir
areas resulted in the largest projected costs.

Both the Removal and .Retention sediment management approaches
would result in only minor impacts to the river system during dam
removal process because only small quantities of sediment would
be introduced into the river. The Erosion approach would have
significant impacts on river water quality during the removal
process due to high turbidity. Protection or relocation of river
water sources during removal would be required for the Erosion
approach.

Question/Comment 10: Where will the trapped material be located
after dam removal? Does the sediment have any economic value?

Response 10: The Removal approach would locate both fine
material (silt and clay sized particles primarily located in the
reservoir bottoms) and coarse material (sand and gravel sized
particles primarily located in the reservoir deltas) to a distant
site. Locations in saltwater and on land were identified as
possible sites during the FERC licensing process. Saltwater
sites could be in the ocean or at an approved site within the
Puget Sound region. A potential upland site identified in the
FERC process was west of the Elwha at the base of Kelly Mountain.
No investigation of other upland sites has been conducted.
However, if material were transported to an upland site,
investigation of the local geology and potential environmental
impacts would be required. In the Retention approach, the
material would be relocated immediately adjacent to the river in
the area that is now the reservoirs. The Erosion approach would
allow the material to wash downstream.

The economic value of the trapped material is unknown.
Potentially, this material could be sold for fill or landscaping
use. Most river rock has rounded edges and would probably have
to be crushed for use in concrete or as road ballast. However,
some of the river rock could be placed in the river to accelerate
the recovery of spawning areas. This option, and other potential
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beneficial uses of the sediment, will be explored further in the
ElS/advanced planning report.

Question/Comment 11: What impacts will heavy equipment used in
the dam removal process have on the local environment?

Response 11: Heavy equipment, to some extent, will be required
regardless of the approach used. More equipment and greater
resulting impacts would occur in the upland disposal -Removal
approach (Scenario 1). For this approach, roads leading from the
reservoirs to the disposal site would have to be widened and
upgraded. The extent of the effect of the noise and effects on
air quality would depend on the disposal site and equipment used.
If heavy equipment were used to relocate the sediment in the
Retention approach, some noise and air quality impacts would be
anticipated. However, no significant roadway impacts would be
expected. Other approaches use dredging procedures or river flow
to excavate and transport materials, so probably would not
require major roadway upgrades.

Question/Comment 12: How will relocated material be stabilized?

Response 12: Stabilizing material would be required only for the
Retention approach. Other approaches would remove material from
the river area or allow natural redistribution along the length
of the river. In the Retention approaches, material is removed
from the path of the river and relocated adjacent to the river
along the banks. Fine grained material (silt and clay) would be
stored in cells, up to 4 feet deep, constructed from coarse
material. The outer cell wall would be constructed by depositing
coarse material in layers to form berms (dikes).

Larger material would be placed on the outer face of the walls
along the river to reduce river scour potential. The extent,
nature and availability of rip-rap or large sized material
required for scour protection has not been determined. Scour
protection design would depend on landscaping requirements,
design flood, desired degree of material stability, and aesthetic
considerations. Full scour protection should be possible,
however, with or without extensive rip-rap. Bioengineered
stabilization methods will be further explored during development
of the ElS/advanced planning report.

Revegetation of the stored material would be accomplished using a
variety of plant species, although native species would be
favored. A preliminary list of easily-propagated species has
been developed. A series of empirical growing trials, using both
amended and unamended reservoir sediment material, would be
undertaken prior to the final selection of plant species for
revegetation

.

Depending on the final reservoir sediment management scenario
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selected, immediate stabilization would begin as soon as possible
following drawdown, exposure, and drying of sediment material.
In the first phase, the project would use direct and aerial
seeding of rapidly growing, early-succession species such as
grasses. Native grasses, or sterile non-native varieties, would
be used within Olympic National Park. A variety of other
available erosion control techniques may also be used to augment
these plantings, including mulches, geotextiles, chemical soil
stabilizers, etc. Concurrently, the control of invasive, noxious
exotic plant species would be necessary to permit initial
revegetation efforts to succeed (see also Section VI.H.6).

Question/Comment 13 : What is the makeup of the fine material on
the reservoir bottoms?

Response 13: The fine material (silt and clay) is very low in
nutrients required for plant growth (see Table 11). For this
reason, the Retention approaches show this material buried
beneath a surface layer of coarse material. Coarse material in
the delta areas currently supports growth of deciduous trees.
Further investigations into the details of sediment revegetation
will be undertaken during the EIS and advanced planning stage.

A sample of the fine material was tested against very stringent
criteria used for dumping dredge spoils in Puget Sound waters.
This test indicated that the fine material was suitable for
disposal at a designated dredge spoils site. No chemical or
biological contaminants were found.

Question/Comment 14: What effects will dam removal and the
restoration process have on the river and related water users?

Response 14: Dam removal will increase the amount of material
flowing down the river. Currently, the dams trap an average of
over 2 00,000 cubic yards of material each year that would
naturally be transported by the river if the dams were not in
place. Approximately 2/3 of the trapped material is sand and
gravel. Dam removal would result in the replenishment of the
sand and gravel currently missing from the lower reaches of the
river. In addition, studies indicate that some of this material
would have been deposited on or near Ediz Hook.

Section 4 of P.L. 102-495 provides that implementation of any
plan to remove the dams shall provide for the protection of the
water supplies for the municipal and industrial users of Elwha
River water (specifically, the City of Port Angeles, ITT
Rayonier, Daishowa America, and the Dry Creek Water Association).
Methods are available for supplying high quality water to the
mills and other users, although further study during the advanced
planning effort is required to determine the best method.
Consequently, the operation of the mills should be unaffected by
dam removal

.
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The quantities of sediment introduced into the river during dam
removal would depend on the approach used. The Retention and
Removal approaches would introduce only very small quantities of
fine material into the river. The Erosion approach would greatly
increase the quantity of suspended and bedload material. There
is a direct correlation between each of the sediment disposal
alternatives and the cost of water quality measures necessary to
protect the water users from the associated turbidity levels.
Mitigative measures (e.g., timing sediment releases during less
critical time periods, captive broodstock programs) for the
existing Elwha River anadromous fish stocks would be contemplated
if the Erosion approach was ultimately selected.

Question/Comment 15: What does the Ranney collector do to the
water?

Response 15: The City of Port Angeles' Ranney collector
intercepts water seeping through the sands, gravel, etc.
comprising the bed of the Elwha River. These river bed materials
can filter out suspended sediment in the water, thus improving
the quality of the diverted water.

Question/Comment 16: Concerns about impacts to well water users
following dam removal.

Response 16: The potential sediment impacts dam removal could
have on wells located along the river will be identified as part
of the detailed studies to be accomplished as part of the
preparation of the ElS/advanced planning report. These studies
will identify all water users that could be impacted and
appropriate mitigation measures, including alternate sources of
supply. Any proposed water treatment methods would have to meet
Federal and State standards for safety. The provision of a
contingency fund to pay for the mitigation of delayed impacts on
wells as a result of dam removal will be included in the
evaluation.

Question/Comment 17 : Landowners along the river are concerned
about increased flooding following dam removal.

Response 17: The existing projects are not operated for flood
control but rather as run-of-the-river facilities. Accordingly,
they provide extremely limited flood control protection.
Nevertheless, removal of the dams would allow the natural
accretion of sediments in the river bed to occur once again,
thereby raising the bed elevation in some areas and thus
elevations of flood events. The potential for increased flooding
below Glines Canyon Dam and appropriate mitigative measures will
be examined in greater detail as part of the detailed studies
associated with the preparation of an ElS/advanced planning
report on dam removal. The Army Corps of Engineers will be
closely consulted, and may in fact do much of the analysis, on
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this issue.

Question/Comment 18: There must be public access to the river
from the project lands.

Response 18: Although specific access points have not yet been
identified, it is the intent of the Department of the Interior to
provide public access to the river from the project lands
acquired pursuant to P.L. 102-495. Additional analyses of
recreational impacts and opportunities resulting from dam removal
will be conducted during development of the ElS/advanced planning
report.

Question/Comment 19: General concerns about over-harvest, high
seas interceptions, and impacts of sea lions.

Response 19: Over-harvest threatens many salmon stocks.
Consequently, efforts are underway to rebuild anadromous
fisheries within the region, not just the Elwha River. For
example, Treaty Tribes are pursuing the inclusion of Strait of
Juan de Fuca (SJF) salmon stocks in the Pacific Fisheries
Management Council (PFMC) harvest planning process for 1994 and
beyond. In addition, the Pacific Salmon Treaty is being re-
negotiated with Canada, including the consideration of harvest
issues in the SJF region. Further, the high seas interceptions
of U.S salmon have decreased following the closure of drift net
fisheries by other countries. Please see Sections II.C.3.1-m for
additional harvest management information.

Regarding marine mammals, there is no evidence that seals or sea
lions are intercepting significant numbers of Elwha River fish.
Such problems usually occur in areas of constrictions to salmon
and steelhead migrations, such as at the Ballard locks in
Seattle.

Question/Comment 20: Many individuals voiced a concern that
Indian fishing, specifically in-river fisheries using nets, will
prevent full restoration of anadromous fish.

Response 20: The U.S. v. Washington Federal court decision ("The
Boldt Decision" of 1974) governs the fish harvests allowed by
Native Americans. This decision prescribed that the State of
Washington, the Federal government and Treaty Tribes must work
together to determine run sizes, escapement goals (the number of
spawners needed to perpetuate the run) and allowable harvests for
each river system subject to treaty Indian fishing. After
determining the run size and subtracting the spawning escapement
needs, the remaining fish are divided equally between Indian and
non-Indian fisheries. Each party may take these fish in the area
and manner of their choosing so long as it does not exceed their
share or interfere with the opportunity of the other party.
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The first priority in the management of salmon and steelhead
fisheries is always the spawning escapement requirement. In some
river systems, escapement requirements are directed towards a
hatchery and not the numbers of fish needed to seed the available
habitat. Once the escapement and harvestable shares are
determined and the seasons set, the Washington Department of
Fisheries and Washington Department of Wildlife monitor tribal
catches to ensure the quota or share is not exceeded. In some
cases, tribes close their seasons without taking their share
because of a conservation concern.

Question/Comment 21: Why not save all the expense of dam removal
and fish passage and just build another hatchery or fish pens?
The fish can be grown larger, fatter and healthier under a
controlled environment for commercial use.

Response 21: The Pacific Northwest and the Elwha River are
currently very dependent on hatchery programs to sustain fishing
for chinook, coho, and steelhead. Within the lower five miles of
the Elwha River there are already two hatchery facilities: the
Lower Elwha Tribal Hatchery and the Washington Department of
Fisheries 's Elwha Rearing Channel. The tribal facility has had
variable success in producing coho and winter steelhead. Despite
large plants of these species, catches fluctuate widely and have
been relatively low in recent years. The Rearing Channel only
releases chinook salmon and, although they are caught in
substantial numbers in marine fisheries, there has not been any
recreational fishing in the river and only very limited tribal
fishing for this species. Plants from these hatcheries have not
succeeded in maintaining viable populations of spring chinook and
only marginal numbers of chum and summer steelhead. Hatcheries
in the Puget Sound and Coastal areas of Washington have not
generally succeeded in producing significant numbers of sockeye,
spring chinook, pink, cutthroat or Dolly Varden.

This region's dependence on hatcheries has come under increasing
scrutiny in recent years following comprehensive reviews by the
Washington Department of Fisheries and U. S. Fish and Wildlife
Service. Although many of the existing facilities were built
with the goal of restoring or rebuilding wild stocks, these
hatchery programs have not been successful in restoring naturally
spawning populations, have had negative impacts on other stocks,
appear to impact naturally derived genetic diversity, foster
disease outbreaks, and may simply replace existing wild stocks
with artificially produced fish, thus increasing the likelihood
of petitions filed pursuant to the Endangered Species Act.
Additionally, raising fish in hatcheries and net pens instead of
restoring naturally spawning stocks would not result in the
restoration of the ecosystem and would not be consistent with the
Federal government's trust responsibility to Treaty Indian
Tribes

.
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Question/Comment 22: There are rivers on the Olympic Peninsula
that don't have dams and yet fish runs there have declined. What
makes you think restoration will be successful on the Elwha?

Response 22: Habitat loss and degradation are the most
significant problems in the loss of salmon and steelhead stocks.
The most common watershed perturbation on the Olympic Peninsula
has been extensive timber harvest, resulting in siltation and the
loss of riparian vegetation and large woody debris . Other common
habitat problems are flood control measures (i.e., bank hardening
such as rip-rap, constrictions of floodplains ) , agricultural
development, rural development, water withdrawals, hydroelectric
projects (e.g., Cushman on the Skokomish River), and loss of
wetlands and estuarine areas. Except for the two dams, the vast
majority of the Elwha watershed has been protected and remains in
essentially pristine condition by its inclusion in Olympic
National Park. More of the Elwha drainage lies protected within
the park than any other river on the Olympic Peninsula. Based on
mainstem miles only (not including tributaries or total basin
area), 75% of the Elwha is located within the park boundaries.
In other rivers, such as the Queets and Hoh, large portions of
the watershed are outside the park and are subjected to extensive
timber harvest, especially on the lower reaches and their
tributaries. Fish over-harvest is addressed in Responses 19 and
20 while the impact of hatcheries is addressed in Response 21.

Despite these threats to anadromous fish, many stocks of salmon
and steelhead remain in excellent condition and are increasing in
abundance. While some stocks of chinook salmon have declined,
returns to most Olympic Peninsula rivers have been strong. Five-
year-average returns to the Queets, Hoh and Quileute rivers have
increased by two to three fold since 1975. Winter steelhead
returns to coastal rivers have also been very strong, although
the status of summer fish remains a concern. The largest total
return of wild, winter steelhead to the Quileute River system
(since 1977-78 when good data are available) occurred during the
1987-88 season. The number of spawning steelhead has exceeded
the goal in the Quileute River in each of these years, as it has
on most other North Coastal rivers.

Question/Comment 23: Is it possible to restore the big chinook
salmon, up to 100 pounds, that historically swam the Elwha River?

Response 23: The short answer appears to be "yes,"
notwithstanding that the last exceptionally large fish from the
Elwha River was a 70-pounder gaffed in 1946 by Ernie Brannon, the
former Superintendent of the Dungeness Hatchery. In a 1983
conference on wild fish, Brannon's son, Dr. Ernest Brannon, Jr.,
and Dr. William Hershberger discussed the genetic features of the
Elwha chinook as follows:

The environmental circumstances in the Elwha River,

224



including those during incubation and early rearing and,
later, those in the Strait of Juan de Fuca and the more
distant ocean paths have shaped that stock temporally and
spatially to produce a large robust fall running fish. The
relationship between the Elwha chinook and its river has
shaped that stock into a phenotype with maximum fitness for
an environment with a unique set of circumstances in time,
space and resources.

Brannon and Hershberger further wrote:

Why don't we see larger fish returning to the Elwha today?
This is certainly a question often asked and the answer is
probably that hatchery propagation has resulted in a smaller
size. This situation is common with most hatchery produced
fish, but it is incorrect to attribute this reduced size to
the genetic or breeding programs of hatcheries . The change
is a product of hatchery rearing practices . Rapid growth
will result in an earlier age of return, and since
hatcheries usually grow their fish more rapidly than fish
can grow in natural environments they mature and return at a
younger age and are therefore smaller. The genetic
potential for large size is still retained by the Elwha
fish. However, since the characteristics of the fish are
the expression of both genetic and environmental influences,
the genetic attributes can't manifest themselves in the same
manner in a different environmental background. Hatchery
production dramatically changes the environmental component
and the present characteristics of the Elwha chinook salmon
are the expression of the new combination. The potential to
reproduce the historical characteristics is still present.

Allowing Elwha salmon to return to their ancestral environment,
as it is preserved in Olympic National Park, should eventually
result in the return of the river's fabled large chinook.

Question/Comment 24: Why won't passage facilities such as a fish
ladder work to restore those threatened stocks?

Response 24: A fish ladder addresses only half the problem
(e.g., upstream passage), the other being the safe passage
downstream of juveniles and post-spawning adults. The potential
success of a fish ladder at Glines Canyon Dam is questionable
given the height of the structure (210 feet). Some fish species,
notably pink and chum salmon, Dolly Varden/bull trout and
cutthroat trout, could have difficulty ascending such a high
ladder. One option at Glines Canyon Dam would be to trap the
fish and physically transport them (by truck) around the dam.
However, trap-and-haul facilities can result in significant
migration delays, since fish must wait to be transported, and
handling mortalities. The combination of a fish ladder at Elwha
Dam and a trap-and-haul facility at Glines Canyon Dam would
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result in an estimated mortality rate of 14% to 19% for adult
fish passing both projects, although spring chinook salmon losses
could be much higher.

In terms of passing juvenile fish downstream, it has been found
on the Elwha and elsewhere that significant numbers of juvenile
fish die in the reservoirs, over the spillways, and through the
turbines of hydroelectric dams. Even with juvenile fish screens
and facilities to bypass fish around dams, many fish die as a
result of predation at the point of return to the river when the
fish are disoriented and concentrated in numbers.

Screening and bypass may be possible at Elwha Dam, but high
cumulative mortality would be expected in the reservoir, spillway
and fish screens. Even with state-of-the-art ladders and fish
screens, some species of salmon, such as pink and chum, cannot
migrate through reservoirs and could not be restored if the dams
remain in place. Consequently, cumulative losses reduce the
prospects for restoring some species while virtually eliminating
the chance of restoring others

.

Question/Comment 25: Why can't you build a new river channel
around the dams to allow the fish to migrate downstream
naturally?

Response 25: There are several problems associated with such an
endeavor, including:

1. Salmon and steelhead juveniles migrate downstream at all
sizes and times of the year. A screening facility would
have to be designed and constructed in the Elwha River above
Lake Mills that could direct the fish year round into the
new channel. Such a screening facility would require the
construction of a large structure in the river channel,
essentially a new dam. The structure would create an
additional hindrance to adult salmon upstream migration,
even with the provision of a fish ladder, and would be
inconsistent with Olympic National Park and Wilderness
designation. Support facilities and access would also be
required.

2. It would be expensive. In addition to the cost of
constructing a new channel around each dam, existing fish
passage technology calls for water velocities across the
face of screens to not exceed 0.4 feet per second to protect
the small sized fish. This means that 2.5 square feet of
screen is required for each cfs of river flow. Mean average
daily flows during the months of March to June is about
1,700 cfs (Table 5), which would require over 4,200 square
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feet of screen. A flow of 10,000 cfs would require 25,000
square feet of screen. Even this amount of flow is often
exceeded. The annual costs of operating and maintaining the
screen facility and channel, including the removal of woody
debris and leaves from the screen during high flow events,
would be costly as well.

The maximum screen area currently in use in the Pacific
Northwest is about 3,000 square feet. Design and
construction of a screen facility much greater than about
3,000 square feet would require the extrapolation of
existing screen technology beyond that used elsewhere.
Unforeseen problems and costs could result.

3

.

Construction of a channel around the dams to provide the
capacity and slope necessary would have to meet certain
gradient guidelines to provide suffient head for the passage
of water and fish down the channel while preventing the flow
from becoming pressurized. A suitable site sufficiently
upstream of Lake Mills would be necessary to allow for a
channel that did not decline below the water surface
elevations of both Lake Mills and Lake Aldwell,
substantially increasing cost.

4

.

It would be impractical to screen the entire river flow
during peak flow periods, the times when large numbers of
fish migrate. Therefore, fish would be passed over the
screen facility during flows exceeding the design capacity.
Also, fish produced in the river between the dams would not
have access to the new channel. Losses of fish would
continue to occur in the reservoirs and during passage past
the dams

.

5. Juvenile fish moving downstream are not always migrating
to the ocean, but rather they are seeking new rearing areas.
Diversion into an artificial channel would limit their
ability to secure new rearing areas. It would also
concentrate fish in a relatively small amount of flow,
thereby increasing predation and disease risks.

6. The point of return of fish to the river can be the
greatest cause of mortalities associated with passage
facilities because the fish are disoriented and
concentrated, thereby attracting large numbers of predators.
The channel concept would not alleviate this problem.

7. The problems associated with stream bed armoring,
nutrient settling in the reservoirs, inundated riverine
habitat, and elevated water temperatures would continue.

8. The amount of water diverted into the new channel would
reduce power production accordingly, further eliminating any
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cost advantage for the mill resulting from producing rather
than purchasing power.

Question/Comment 26: The Report describes a 6% loss of juvenile
chinook going through the turbines. This is a 94% survival rate
which is actually quite good. Why is a 6% loss to turbines
fatal, when a 99.9%+ loss in the ocean is not?

Response 26: The Report cites fish passage studies conducted on
the Elwha River at Glines Canyon Dam. These studies indicated a
60% loss of the juvenile chinook that passed through the turbines
at the Glines powerhouse, not 6% (see Section V.D.4.a. Chinook
Salmon). Losses at Elwha Dam are not included in this estimate
but are additive. Although not all the outmigrant chinook will
exit through the turbines, these losses combined with reservoir
delay and mortality, upstream losses of adults, exacerbated
diseases in the lower river due elevated water temperatures, and
inundation and degradation of the spawning substrate in the
middle and lower river combine to greatly reduce restoration
prospects

.

Question/Comment 27 : Pink salmon ascend into impoundments in
Canada, surely they could at least get up to the area between the
lakes

.

Response 27 : No pink or chum salmon populations in the State of
Washington are found above reservoirs. Pink and chum salmon fry
emerge from spawning gravel at a very small size and begin moving
downstream to the ocean almost immediately. They're so small
that they have little swimming ability; instead, they are swept
along by streamflow. Surviving on nutrients remaining in their
yolk sac, they must arrive in estuarine and marine areas at a
time when food (marine plankton) of proper size is present in
abundance. Studies have shown that it is extremely difficult for
these youngsters to survive in a reservoir. Disoriented,
ineffectual in swimming, and lacking nutrients, great numbers of
them perish or fall prey to predators.

Agency biologists contacted fisheries managers in Canada and
Alaska and did not find any instances where naturally reproducing
populations of pink or chum salmon are found above impoundments,
although there are a few isolated instances where chum occur
above natural lakes . In most cases , these chum are found above
lakes in years of unusually large returns and when there is high
competition for available spawning areas. However, it does not
appear that these individuals are self-perpetuating.

Question/Comment 28: Getting pink salmon beyond Lake Mills seems
unimportant since they will almost certainly be stopped within a
mile or two by natural barriers. Is it also proposed that the
river be reworked to remove those natural barriers?
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Response 28: Agency estimates of pink and chum salmon
distribution and production potential in the Elwha drainage are
based on the assumption that these fish would only ascend as far
as Rica Canyon above Lake Mills. This assumption was made
because of the increasing gradient and not barriers to migration.
A radio-tagging study conducted in 1983 indicated that summer
steelhead ascended through Rica Canyon without any apparent
delay.

Question/Comment 29: The power supply section does not
accurately convey the level of controversy associated with the
development of new generating resources.

Response 29: The estimates of resource availability (Section
VI.M.l) are of "developable potential", representing the amount
of resources actually expected to be developable. Developable
potential is estimated by adjusting economic potential by
anticipated constraints to development. For example, the
estimated availability of 350 average megawatts of geothermal
power is half of the estimated economically-available resource
because of anticipated land use and environmental conflicts.
Also, the estimates are of developable potential over the 20 year
period of the Northwest Power Planning Council's 1991 power plan
and are not necessarily fully available at present.
Specifically, much conservation potential becomes available only
with continued economic growth and resulting new end uses

.

Question/Comment 30: Dam removal would replace hydro-generated
power with fossil fuel generated power when we are concerned
about global warming.

Response 30: As described in Section VI. M, it is likely that a
portion of the power currently supplied by the dams would be
replaced by power generated using natural gas. Such plants would
produce carbon dioxide, a suspected contributor to possible
glomal warming. Though the probability and extent of global
warming from the production of man-made greenhouse gasses is not
presently known, the possible consequences of global warming are
sufficiently serious to cause the administration to propose
actions to limit, and eventually reduce, the rate of carbon
dioxide releases to 1990 levels. Though economic incentives to
prompt such actions (e.g., carbon or energy taxes) have been
proposed, actions to achieve the targeted reductions are as yet
voluntary.

The general approach being used by the Northwest electric power
industry to deal with the possible need to control carbon dioxide
releases is to secure all cost-effective conservation and
renewable resources, to provide a cost credit (usually 10%) when
comparing conservation with other resources, and to invest in
projects to improve the long-term capability to secure additional
conservation and renewable resources. In addition, several of
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the region's public utility commissions have required utilities
to provide additional cost credits when assessing the cost-
effectiveness of conservation and renewable resources. Finally,
several Northwest utilities and resource developers including
PacifiCorp and the Bonneville Power Administration (BPA, through
the developer of the Tenaska Washington II power plant) are
conducting demonstration programs for biological sequestering of
carbon.

Question/Comment 31: Because conservation will be the
replacement resource of choice, air quality impacts will be less
than stated in Section VI. M.

Response 31: The analysis of replacement power costs selects new
resources, including available conservation, in order of cost-
effectiveness. Therefore, the air quality impacts are expected
to be as stated if power from the dams is replaced by general
resource development. Because of the location of the Daishowa
Mill near the western extremity of BPA's Puget Sound Area
transmission grid, there may be economic justification in
developing more expensive local resources to offset the
transmission costs associated with resources developed elsewhere
on BPA's system. Because of the increased cost-effectiveness
level that may be justified for local resource development, there
may be more cost-effective conservation than indicated by the
regional assessment of resource availability used in this report.
If so, the air quality impacts may be less than estimated.

Question/Comment 32: Will there be a greater reliance on nuclear
energy if the dams are removed?

Response 32: It is highly unlikely that there will be greater
reliance on nuclear energy if the dams are removed. The only
nuclear power plants that could be brought into service in the
near-term are partially completed WNP-1 and WNP-3. These units
have been preserved as insurance against high load growth, rapid
increases in fossil fuel prices or other conditions requiring the
development of large new resources. Because of the continuing
availability of competitively priced natural gas, moderate load
growth rates, the economic risk associated with these large
plants, and the recent retirement of the Trojan nuclear plant, it
is increasingly unlikely that WNP-1 or WNP-3 would be considered
when seeking new power supplies. The Bonneville Power
Administration (BPA) has recommended termination of these plants
to the board of the Washington Public Power Supply System.
Because BPA has been funding much of the cost of preservation, it
is likely that the recommendation will be followed. No other
nuclear plants are available for completion, and it is highly
unlikely that new nuclear plants will be considered until nuclear
waste disposal issues are resolved and smaller, less expensive
and more reliable nuclear designs are available. These issues
will not be resolved for many years.
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Questions /Comment 33: The loss of power produced by the dams
would cost $848 million over 50 years.

Response 33: It is not clear how the $84 8 million figure was
calculated. The value of the lost power from removal of the
Projects can be considered equal to the cost of replacement power
(see Section VI.M). However, the Federal Energy Regulatory
Commission (FERC) used a 50 year time period when calculating the
value of "foregone generation" as $110 million (see page 5-30,
Draft Staff Report, Volume 1, March 1993). FERC calculated the
$110 million figure based on conservative assumptions of the fish
and wildlife mitigation measures that would be required if the
Projects are licensed. The fish and wildlife agencies maintain
that significantly more mitigation (e.g., juvenile fish screens
at Glines Canyon Dam, gravel supplementation in the lower river)
would be required, thereby reducing the "foregone generation"
value by the cost of the additional mitigation.
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Ele».: 76 ft.
Flow: 6900 gpa
Carrying
Capacity: 12,000

flan/ day

Proposed Installation 1994 Performance study to 2000
Cost estimate: SI. 25 million ('94 dollars).

Offered: Mllleson, Sequlm, WA

Proposeo Fish L/dder
For Lovve r Elvv/\ Cm t**\
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