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I, Robert Franklin, hereby submit the foIIo'vving direct testimony in support of

14

the Hoopa Valley I
I

15

Tribe:

16

1.

17

My name is Robert Franklin. I am the Senior Hydrologist for the Hoopa Valley Tribe Fisheries
i

19 ' '

Department, a position I held from August 1989 to May 1999 and returned to as of January 2003. From

18

May 1999 through January 2003 I served as a consultant to the Tribe on Klamath-Trinity fishery flow

20

policy, NEP A and technical matters.

21

2.

22

Klamath Hydroelectric Project (the "Klamath Project"). This testimony will also discuss the ongoing

This testimony shaII describe, in general terms, the adverse impacts associated with PacifiCorp's

_.J

ì'-

FERC re-Iicensing proceeding and the substantial infrastructure investment that PaciffCorp wiII have to

24

'y
..)

make in the Klamath Project once it obtains its new FERC license. The purpose of

this testimony is to
i

the basis for the signifÌcant legal and fìnancial obliQations soon to be incurredl

26

inform the Commission of

27

by PacifiCorp in relation to the Klamath proj:ct, and the ~mportance of ensuri~g that PacifìCorp and I

28

MEHC have the ffnancial commitment to implement the obligations contained in the I::ERC license.
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The Klamath Project is made up of six (6) dams and associated powerhouse tàcilities located on

the Klamath River in southern Oregon and northern California.

..J

4.

The three downstream dams, Iron Gate, Copco 1, and Copco 2, were built without fish passage

4

the Oregon border and block

facilities of any kind. These three dams are located just south of

5

6
7
8

anadromous IÌsh species lÌom reaching over 350 miles of historic habitat and spawning grounds in
Oregon. A map of

5.

the Klamath Project and surrounding geographic area is attached as Exhibit A.

The J.c. Boyle dam, located in Oregon, has upstream fish passage facilities, in the form of a fish

9

ladder, however the existing fish passage facilities are signiffcantly outdated, do not comply with current
10
11

state or federal IÌsh passage criteria, and do not provide adequate fÌsh passage for resident fish species

12

including redband trout, a landlocked form of steelhead.

13

6.

14

The Klamath River once provided one of

the largest anadromous fisheries on the west coast,

supporting lUns that included Chinook and coho salmon, steelhead, green sturgeon, and Pacific

15

lamprey.
16

17 I 7.

The Klamath River is home to many species either listed under the Endangered Species Act, or

18

proposed for listing. Listed species include the coho salmon, Lost River Sucker and Short-nosed

19

Sucker. Petitions to list Pacific lamprey, river lamprey, and western brook lamprey have been submitted

20

for consideration to the U.S. Fish and Wildlife Service.

21
The Klamath Project blocks over 350 miles of

historic steelhead and Chinook fish habitat in the

ÎÎ

8.

ì'-

Upper Klamath Basin. The Sprague, Williamson, and Wood Rivers in the Upper Klamath Basin, which

24

historically supported tremendous runs of Chinook salmon and steel

.. .J

25
inaccessible since Copco Dam was constructed in 1918. As a result of

head have been completely

habitat loss associated with

26

Klamath Project dams, Klamath River spring Chinook, once the dominant run, have been reduced to a
27
28

smal i fraction of their 19th century abundance.
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The Klamath Project is a substantial cause of the nearly total elimination of anadromous IÌsh

runs in the Klamath River. According to some estimates, salmon populations have decreased by 90(%

since the Klamath Project began. Spring Chinook in specitÏc have been severely impacted by

4
5

construction and operation of Klamath Project dams.

Volitional tÏsh passage at the downstream Klamath Project dams, either through laddering or

6

10.

7

dam decommissioning, is a crucial first step to restore anadromous salmonid runs to the Upper Klamath I
i

8

Basin.

9

11.

The Klamath Project also has serious adverse impacts on water quality. Water temperature rises

10
11

as it is pooled in the reservoirs behind the dams, adversely affecting salmonid species who need cold

12

water to survive. In addition, the dams also contribute to the presence and severity of algal blooms.

13

These water quality impacts present threats to aquatic species and human health.

14

12.

In 2005, thousands of tÏsh died as 'vvater temperatures rose and dissolved oxygen levels dropped

15

in the Klamath River below Link River Dam during late spring and early summer. Data collected by
16
17

federal scientists during summer months show dissolved oxygen levels in this reach faIl far below

18

requirements of native IÌsh species, including federaIly-listed suckers.

19

13.

20

A very hazardous toxic algae bloom currently exists within the Klamath Project, and is directly

correlated to the existence of the Klamath Project dams. On September 30,2005, the State of California

21
North Coast Regional Water Board issued an alert regarding high levels of

22
')L..J
.-

24
ì..)
-

26

the toxic alga

Alicrocys/is

aeruginosa in the Klamath River. The alert advised people to avoid all contact with the Klamath River
while the bloom is occurring. According to the Regional Water Board's alert, levels of

toxic algae

exceeded World Health Organization standards for recreational use by as much as 468 times. The levels
were among the highest ever recorded in the United States. The alert linked the cause of the toxic algae

27
28

to the Klamath Project, stating: "Warm and calm surÜtce water created by Iron Gate and Copco
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Reservoirs provide an ideal environment for the growth of

2

large algal blooms." A copy of

the public

information release regarding the toxic algal bloom is attached as Exhibit B.

.-

.J

14.

A very similar outbreak of Microcystis occurred in September 2004, posing risks to aquatic

4
species, animals, and human health.
5

In addition to the existence of the dams and their blockage of the upper river basin, PacifÌCorp's

6

15.

7

operational practices at the Klamath Project also contribute to impacts on aquatic species. Aquatic

8

species, including the ESA-listed species, are adversely affected by low and variable ílows resulting

9
10
11

i

from ramping and peaking operations. For example, rapid de-\vatering of a reach results in the strandingli
i
I
i
of

juvenile IÌsh. Areas alternately wetted and then dewatered as a consequence of peaking operations

12

are not productive of macroinvertebrates useful as food for fish species. Growth of fish in the peaking

13

reach is inhibited by the combined effects of operations for power generation.

14

I
i

16.

Poor water quality and increased \yater temperatures that result lÌom the existence ancl opcrationsl

15
of

the Klamath Project contributed, in 2002, to one of

the largest fish kiIls recorded in United States

16

17

history, with at least 68,000 adult Chinook salmon found dead in the Klamath. Also killed in that

18

incident were coho salmon listed as endangered under the federal Endangered Species Act.

19

17.

20

The Klamath River runs through the Hoopa VaIley Reservation and the Hoopa Valley 'lribe has

federaIly protected rights in the Klamath River fishery. The Tribe is actively involved in the effort to

21

22

improve water quality and restore the fishery to the Klamath, including restoration of anadromous fìsh

ì'-

-.J

runs to the Upper Klamath Basin.

24

18.

PacifiCorp is currently seeking a new license to operate the Klamath Project from FERC. The

25 i lloopa Valley Tribe is an active participant in the re-licensing process. The new FEJ\.C license will
26 i

likely be granted to PacitiCorp sometime in 2007.

27
28
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The Tribe is in the process of developing fish and wilcllife protective conditions which it will

submit to FERC under § 10(a) of

..J

20.

the Federal Power Act.

Any license issued to PacifiCorp by FERC must also comply with applicable water quality

4

)

standards pursuant to § 401 of

the Clean Water Act.

In addition to the Hoopa Valley Tribe, numerous other Inclian tribes, state and federal fish and

6

21.

7

wildlife agencies, and citizen organizations are involved in the re-licensing process.

8

22.

The federal fìshery agencies, NOAA Fisheries and the United States Fish and Wildlife Service,

9
have authority to impose mandatory prescriptions for the passage offìsh pursuant to § 18 of

the Federal i

10
11

i
I

Power Act - also known as "fishway prescriptions."

NOAA Fisheries, the federal agency responsible for protection of anadromous fish species,

12

ì'_.J .

13

released draft fìshway prescriptions on April 23, 2004. These draft prescriptions are attached as Exhibit

14

C. These draft prescriptions require development of volitional upstream and downstream fish passage

15
for Chinook salmon, coho salmon, steel

head, and lamprey at Iron Gate, Copco 1, and Copco 2 dams in

16
i7

California. The dratl § 18 prescriptions also contain requirements for signiIÌcant upgrades to the fish

18

passage facilities at the upstream dams, including 1.c. Boyle and Keno. According to the current FERC

19

schedule, NOAA Fisheries wiIl offcially submit its preliminary § 18 prescriptions in early 2006.

20

24.

The U.S. Fish and Wildlife Service has also indicated that it will require a volitional fish passage

21

22

condition in the PacifìCorp license. US FWS wiIl offciaIly submit its preliminary § 18 prescriptions in

ì'-

_.J

early 2006 according to the current FERC schedule. Under the Federal Power Act, volitional fish

24

passage wiIl be required by FERC in the new license if either the NOAA Fisheries or US FWS

') ",)

prescriptions mandate it.

26

27
28
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The Hooi)a Valley Tribe will also recommend inclusion ofa volitional fìsh L)assage condition in

PacifiCorp's new FERC license.

3

26.

There is broad consensus among the tribal entities, conservation groups, and government entities

4

involved in the FERC re-licensing proceeding that volitional anadromous fish passage wiIl be a required
5

6 i condition in the FERC license. It is not speculative to state that the new license wiIl require some f~mii
7
8

of volitional fish passage at signifìcant cost to PacifìCorp.

27.

Providing efTective volitional fish passage at the Klamath Project dams wiIl require a significant

9

investment of potentiaIly hundreds of miIlions of dollars on the part of PacifìCorp and/or its parent
10
11

company.

Upstream volitional fIsh passage at the downstream dcims will be achieved either through

12

28.

13

installation of fÌshways, or through the decommissioning and removal of the dams. Improvements to

14

downstream fìsh passage would also involve either decommissioning and dam removal, or the

15
installation offish screens and modifìcation of

project operations to avoid mortality of

16
17

juvenile fish

consequent to entrainment and stranding.

One study, prepared by G&G Associates, estimates that decommissioning and removal of the

18

29.

19

four downstream dams in the Klamath Project would cost approximately $40 million. A copy of the

20

G&G Associates study is attached as Exhibit D.

21

22

30.

Other estimates predict the costs of providing volitional fìsh passage at the downstream dams.

-.J

through construction of fish passage facilities such as tÏsh ladders and screens, could range bet'vveen

24

$150 million and $300 million. PacifiCorp's own "low cost" estimate of the costs of FERC license

ì-)

compliance is attached as Confïdential Attachment 1.

ì'-

26
27
28
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unforeseen problems arse in either the decommissionig of

the dams or instalation of

fishways, these cost estimtes could increase dramatically.

32.

According to PacifiCorp, its proposed new parent company, MERC, has made no commtment t

fud or fiance the costs of implementing the envionmental conditions, including fishway prescriptions,

6

related to the FERC license. See PacifiCorp Response to Hoopa Valley Tribe's Data Request #18,

7

attched as Exhibit t.

8

9

33.

MERC states on page 19 of

benefit ftom the proposed
transaction is MERC's willgness and abilty to deploy capita to meet PacfiCorp's signficant
its Application that it "believes the chief

10
11

iiastrctue needs" and lists many

12

PacifiCorp's fací1ties, but MERC's Application says nothg about the Klamath Project or the

13

signficant infrastrctue invesent that is requi to prevent and mitigate the har that the Project has

14

examples of

intrctue investment it plan to mae in

caused and is cUlently cauing in Oregon.

15

16

34.

The surval of

the Klamath fishery depends on effective environmenta conditions in the new

17

FERC license and the tiely implementation of

18

that PacifiCorp have sufcient fuding to can out its obligations in a tiely maner.

19

35.

those measures by PacifiCorp. Therefore, it is crcial

At mi~ MERC, as PacifiCorp's new parent company, should guarantee that PacifiCorp

20
wi have all fuds necessar to meet its upcomig legal obligations under the FERC licese.

21
I submit under

22
23

24

correct.
Signed ths ~ day of

penalty ofpexjurthat the statements contained in this declaration are tre and

~

November at

25

26

~~A

Rober Fran

27
28
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Federal, state and tribal authorities advise
caution on dangerous Klamath River algae
Next I Previotjs

For Immediate Release: September 30,2005
Contact: Mark Merchant, U.S. EPA, (415) 947-4297; or William L. Rukeyser,
California State Water Resources Control Board, (916) 341-7365
Press Office Main Line: (415) 947-8700

Press Contacts

SAN FRANCISCO - In response to the emergence of dangerous algal
blooms in the Klamath River in California, the Karuk Tribe, the North Coast
Regional Water Board and the U.S. Environmental Protection Agency are
joining other local, state and federal agencies in warning residents and
recreational users of the river to use caution when near such blooms.
''This algae produces toxins that pose a

significant potential public health
concern. We advise people to avoid all
direct contact with Klamath River water

while the bloom is occurring." said
Alexis Strauss, Water Division director

of the EPA's regional offce in San
Francisco.
Water samples taken over the past two
months from Copco and Iron Gate rhe Khlma!h Rive; fa a p'QPljlar recrretjc(\
Reservoirs - located on the Klamath area 0" !he èal¡tó;oÎa-oregol' bcrde..
near the Oregon border - have (¡:M!Ò ttedlt $talè \f!Ià~ RêSQLLGO uonfti;

revealed high levels of the toxic blue- Board)
green alga Microcystis aeruginosa. Blooms of Microcystis aeruginosa, which
often occur between June and September, can look like green, blue-green,
white or brown foam, scum or mats floating on the water. They have been
found as far as 125 miles downstream of the reservoirs.

The Klamath River is rich in nutrients that support the growth of the bluegreen algae. Warm and calm surface water created by Iron Gate and Copco
Reservoirs provide an ideal environment for the growth of large algal
blooms. The extent of the blooms, and their toxicity, were not known until
studies were conducted this year by the Karuk Tribe.

Water $$mp1é$ ci:lêi.d in COpè!) ánd

IfOn Gate re$ewoÎ! 011 the KKamà River
.-- ."ii ~". "..1 l.1,

"In August, we found levels of
Microcystis aeruginosa as high as 46.8
million cells/ml along the shoreline and
8.9 millions cells/ml on the open water.
These levels exceed the World Health
Organization (WHO) standard for
recreational use by 468 and 89 times,
respectively," explained Susan Corum,
the Water Resources Coordinator for
the Karuk Tribe's Department of Natural
Resources. "Microcystin toxin produced
by the blooms in these locations was
Ex. B, p. 1
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1571.7 and 436.9 1l9/L; exceeding the WHO Tolerable Daily Intake level by
217 and 60.3 times respectively. These levels are among the highest
recorded in the United States."

According to California's Offce of Environmental Health Hazard Assessment
(OEHHA), the U.S. EPA, the Karuk Tribe and Water Board, the Microcystis
aeruginosa and resulting microcystin toxin pose a significant potential health
threat to humans and animals exposed through direct ingestion of
contaminated water or incidental ingestion during recreational water

activities and bathing.
"The public needs to take the microcystin toxin in this algae seriously," said
Catherine Kuhlman, Executive Offcer of the North Coast Water Board. ''The
levels of algae and associated toxins measured in parts of the river are high
enough to pose health risks to anyone drinking or bathing in the water,
particularly children and animals."

Studies of the possible health effects of exposure to Microcystis aeruginosa
and its microcystin toxin in the Klamath's waters range from mild, non-life
threatening skin conditions to permanent organ impairment and death
depending upon exposure time and intensity.
Symptoms could include mild to severe eye irritation, allergic skin rash,
mouth ulcers, fever, cold and flu-like symptoms, vomiting, diarrhea, kidney
damage, liver damage or complete failure, and death.

Children and animals are at the greatest risk of adverse effects, due to their

smaller body size and higher water ingestion rates.
As pets and other domestic animals could drink contaminated water, pets
and livestock should be kept away from the water.
There are three main ways to be exposed to Microcystis aeruginosa and
subsequent microcystin toxins in contaminated waters:
. direct contact to exposed skin or to the highly sensitive membranes of
the ear, eye, nose and throat;
. accidental or intentional swallowing; and;

. inhalation of contaminated water aerosols.

A full-grown adult ingesting 3.4 ounces
of contaminated water in a given day
would be exposed to levels 28 times
greater than the accepted World Health
Organization's Tolerable Daily Intake
value. This calculation is based on a
single one-hour "swimming event" per
day. More swimming events or activities
of longer duration could result in greater

exposure.
Algae blooms, $;ucl a$ tiii$ ona at

11arlild Cove 00 CoPC!) Reservoir,
For an average-size child who is 3years-old, ingesting slightly more than a proooce toxin$ that C(ukl harm tHGp1e
aaimaJ$. (PfÓ'to jj€€d¡t; Sù!i! Wator
measuring cup of contaminated water in and
Re$OOlèeS Control Boord)
anyone "swimming event" would be the
equivalent of 278 times the accepted WHO Tolerable Daily Intake value. As
with adults, more swimming events or activities of longer duration could
result in greater exposure.

Local, state, tribal and federal health and environmental agencies
recommend that people not drink or cook with contaminated waters. You
Ex. B, p. 2
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should avoid or minimize contact with contaminated waters. It is best of stay
out of the water near algal blooms and to keep pets away. If you do come in
contact with the water, wash thoroughly with clean water. Avoid eating fish
caught during an algal bloom. If you do, fishermen should clean the fish with
fresh water and dispose of the innards away from the river or where animals
could eat them; Avoid irrigation with contaminated water; Report dead or
distressed wildlife along the shoreline to local, state or tribal authorities.
For more information, visit: The 1999 World Health Organization, Toxic
Cyanobacteria in Water: A guide to their public health consequences,
monitoring and management at:
http://WW.WhQ, inVwater_san itation_health/resQIJ rçesq LJa I ity/toxicyaObaÇVen/

and,
World Health Organization Guidelines for Drinking Water Quality, 3rd Edition
at: http://WWWhQ.inVwateLsanitation_heaIJh/dWq/gdwq3/en/index.html
Ne)(t I PreyiQtJs

RegiQo9 TQpicsand PrQgrams I AcLJnde)(

EPA HQffe I PriyacyandSectJrityNQtice I çQntactJJs

Last Updated on TtJesday, October 4th, 2005
URL:
https://yosemite.epa .gov/r9/r9press.nsf/268400f6f4b 727f288256b61 00659fe6/c6bççcb2289059b68825708f006~

OpenDoctJment

Ex. B, p. 3

htt://yosemite. epa.gov /r9/r9press.nsf/268400f6f4b 72 7 f288256b61 00659fe6/ c6bcacb228...

11/18/2005

W'nd

l \1 tt~e:PattÛt.~s

5

In

Ex. C, p. 1

passage alternatives and design considerations may be incorporated into a more detailed
draft and final section 18 prescription. NOAA Fisheries and the U.S. Fish and Wildlife
Service are working cooperatively towards the development of a unified, draft and final
section 18 prescription.

Comments about the FLA's Fish Passage Content
NOAA Fisheries appreciates the opportunity to participate in PacifiCorp's (Applicant)
"enhanced traditional" Licensing Process for the Project. However, we are concerned that
the FLA omits a complete discussion of
Project effects on our trust resources and
appropriate Protection, Mitigation and Enhancement measures (PM&Es). Specifically,
NOAA Fisheries is concerned about the lack of a fish passage evaluation in the FLA.
NOAA Fisheries believes that while the completion of Fish Passage Study 1.10, and the
other studies requested by NOAA Fisheries are not necessary to justify a fish passage
prescription, they are necessary in order to refine the fish passage prescription and
evaluate the full range of alternatives. Without the additional information that such
studies would generate, NOAA Fisheries wil apply the precautionary principle and
recommend conservative measures in order to ensure adequate protections are prescribed
as part of the licensing process.
NOAA Fisheries is concerned that PacifiCorp has used preliminary and inadequate
Ecosystems Diagnostics and Treatment (EDT) modeling results, in combination with a
partial review of previous studies and fish passage considerations, as justification to
discontinue its fish passage evaluation. NOAA Fisheries does not support this decision.
The model runs used in this decision were preliminary and deficient in several capacities
(Attachment 2- Specific Comments to ASRs) including the omission of several hundred
miles of
habitat located above the Project and important water quality data. On March 5,
2004 (shortly after the submission of
the FLA), the Applicant's EDT modeler stated
"This data is not suitable for decision making at this time" concerning EDT output
(Malone 2004). NOAA Fisheries is concerned that preliminary, flawed or incomplete
information not be used to draw conclusions.
NOAA Fisheries believes a timely and comprehensive fish passage evaluation is
warranted. The Klamath Basin was once one of
the most productive salmonid basins on
the west coast, supporting large anadromous fish runs that included both spring and faIIrun Chinook salmon (Oncorhynchus tshawytscha), coho salmon, (Oncorhynchus kisutch),

steelhead (Oncorhynchus mykiss), green sturgeon (Accpenser medirostris), and
anadromous lamprey (Entosphenus tridentata). These runs supported significant
commercial, recreational, subsistence, and Tribal harvests. A trophy trout fishery
currently exists in reaches of the Upper Klamath Basin, providing one indicator of habitat
quality. Restoration efforts there are receiving national attention (National Research
Council
2003). Advancements in fish passage technology are facilitating successful
upstream and downstream passage. NOAA Fisheries believes that a complete fish
passage evaluation is warranted and requests the timely completion of a comprehensive
fish passage evaluation and additional study requests enclosed in order to inform its
section 18 evaluation.

2
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Attachment 5- National Marine Fisheries Service's (NOAA

Fisheries) Preliminary Draft Section 18 Fishway Prescription for
the Klamath Hydroelectric Project, FERC No. 2082

Ex. C, p. 6

East and West Side Canals

Current Downstream Passage
Typical diversion ílows for the East Side and West Side are i ,200 cfs and 250 cfs
respectively (Fishpro 2000). Neither of
these diversions is screened to prevent
entrainment of fish into the power canals. NOAA Fisheries believes screens are needed
at these locations to protect lamprey and anadromous salmonids. The conceptual designs
indicate that construction of a conventional screen is feasible at both locations. Fish
protection at PacifiCorps' (Applicant) diversions should provide at least the same level of
protection as facilities recently constructed on other diversions within the basin, such as
the A-Canal, 1,900 feet upstream from Link River Dam.

Recommendation
The Applicant shall consult with NOAA Fisheries, U.S. Fish and Wildlife Service
(USFWS) and the Oregon Department ofFish and Wildlife (ODFW) fish passage
engineers on the design construction and operation of facilities to provide volitional fish
passage for Chinook salmon, steel
head and lamprey. Facility design shall be based upon
agency criteria and consultation.

Keno Dam
Current Upstream Passage
Based upon trapping studies, the current ladder configuration appears to pass trout.
However, under various flow conditions flow through the ladder entrance does not appear
to provide adequate attraction flow. This may require increased flow through the ladder
or modifying spil gate and sluice conduit releases. Automated weirs 25 through 28 lack
adequate orifice passage and fish using the ladder have to jump over these last four weirs
to pass into the reservoir. Additional hydraulic and biological evaluation is needed to
address effectiveness of
the ladder for all target species including lamprey and
anadromous salmon
ids. Steep gradient, hydraulic barriers and problems with entrances
limit passage effectiveness of
the Keno fish ladder. The Keno ladder has 24 pools to
ascend a i 9-ft rise, resulting in an average rise of over 0.8-ft per pool.
Recommendation
The Applicant should consult with NOAA Fisheries, USFWS and ODFW fish passage
engineers to detennine what modifications to the existing design or operating procedures
are needed to meet respective agency criteria. PacifiCorp should provide proposed
measures to achieve fish passage, the scientific rationale for the design, and functional
design plans that allow review and comment.

Current Downstream Passage
Lack of downstream passage facilities may cause injury and mortality at low flow
conditions. Keno Dam does not divert water to a power canaL. Dam releases are passed
through the spill gates or the fish ladder, auxiliary water supply, and sluice conduit. Fish
moving downstream must pass through one of

these routes. Fish passing under the spill

gates (taintor gates) during low flow conditions (narrow spill gate opening) could be

Ex. C, p. 7

subject to mechanical or hydraulic-caused injury and mortality as fish exit between the
concrete spillway and the steel gate. PacifiCorp intends to propose using the spill gates
or sluice conduit as the downstream passage facility, then it needs to ensure these provide
a safe and effective route.
Recommendation
The Applicant should consult with NOAA Fisheries, USFWS and ODFW and conduct a
biological evaluation to detennine whether passing through the small gate openings is
hannful to fish. Use the results of
the evaluation to determine whether spillway
modification is necessary. The evaluation could be conducted by radio-tagging and/or
Hi-Z Turb'n tagging groups offish released upstream of

the dam, setting up receiver

antennas in the spil gate openings, and monitoring passage. Mortality can be assessed by
continued tracking. Injury can be assessed by collecting fish as they exit through the spil
gates, and examining for physical injury.
J.e. Boyle Dam

Current Upstream Passage
1. The JC Boyle dam has a pool and weir fish ladder with submerged orifices built

during the 1957-1958 dam construction. The ladder is 569 feet long and the change
in elevation between pool 1 and pool 57 (63 pools including articulating weirs) is
approximately 67 feet. Criteria at the time included 12 inch drops between pools and
a vertical to horizontal slope of 1 :8.5. Contemporary criteria for resident trout

fishways are 6 to 9 inch drops between pools and minimum of 1: 1 0 slope.

2. Flow in the ladder was estimated in September 2001 at 0.6 cfs through the 4 inch
orifices and 20 cfs over the 6 foot wide weirs (CH2MHiIl2003). The slope of
the
ladder is 1 V:8.5H, which is steeper than both the current criteria for trout (1 V: 10H)

and current criteria for suckers (1 V:22H). With an approximate flow volume of 21
cfs, the turbulence factor for the typical pool is estimated at 6.8 ft-lb/s/ft3, which is
1.7 times the modern recommended value ofless than 4.0 ft-lbs/s/ft3.

3. Attraction flow is limited to about 2% ofthe 10% annual exceedance flow, whereas 5
to 10% is preferred for modern fishway design. The 10% annual exceedance flow for
the flow duration curve is approximately 3,400 cfs.

2
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4. Existing pool volume is generally too small for proper energy distribution. In

general, pools are 6 feet wide by 8 feet long by 6 feet deep. Typical pool volumes for
modern well-designed ladders are 8 foot wide by 10 foot long by 6 feet deep,
allowing for fish to rest and stage for the next jump in the ladder.

5. An automated gate with an auxiliary water supply system provides a total of about 80
cfs for attraction flow at the entrance, which is a discrepancy from the 2003
Ch2MHil report. It is uncertain, at the time of
this review where the auxiliary water
comes in - at the forebay or down the ladder. (5-10 cfs in ladder, 50-60 cfs auxiliary
water added adjacent to ladder entrance).

6. The existing entrance location to the fishway is difficult for fish to find during spill

events and may be obscured by hydraulic problems and water quality differentials.
There is a cascade a short ways downstream from the entrance that may be a velocity
barrier under certain flows. The location of
the entrance could be improved by
performing hydraulic study and/or site observations and basing the new entrance on
the results of the study.
7. There are also problems associated with different temperature and water quality

between water from the bypass and ladder and water in the diversion reach. Flow
issues need to reconcile releasing more water down the bypass reach and
repositioning the bypass outlet to avoid water temperature and scent confusion to
facilitate passage of adults in finding the entrance to the ladder.
Recommendation
The Applicant should consult with NOAA Fisheries, USFWS and ODF&W fish passage
engineers to determine what modifications to the existing design or operating procedures
are necessary to meet respective agency criteria. It appears however, given the current
condition of
the ladder and significant design and performance problems, that ladder
replacement may be more cost effective. PacifiCorp should provide proposed measures
to achieve fish passage, the scientific rationale for the design, and functional design plans
that allow review and comment. To ensure that design and operational considerations
maximize the safe and efficient passage of
upstream migrants additional studies should
be conducted to provide this information. The studies should include:
Radio tag suffcient numbers of

trout to determine:

1. Migration patterns within the J.e. Boyle bypass reach,

2. Whether migration delays can occur at the spilway, near the ladder entrance, or
elsewhere in the bypass reach,
3. Effect of
water temperature and other water quality parameters on migration,
4. Length of
time for a fish to pass through the ladder,
5. Whether fish hold for long periods in the ladder, or partiaIly ascend the ladder.

3
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Concurrent with monitoring fish movement, the Applicant should document project
operation for spill conditions and hydraulic conditions in the fish ladder.
Current Downstream Fish Passage
The fìsh screens at the J .C. Boyle diversion have design problems and do not meet

NOAA Fisheries criteria for fish protection because mesh size and approach velocity is
exceeded. The screens have been shown to cause adverse impacts to downstream

migrants.

The design parameters used for the construction of the existing downstream juvenile
screens and bypass facilities are outdated and there is no practical or cost-effective means
to reconstruct the facilities to meet current standards to allow for more effcient fish
passage.
the four entrances at the intake structure is equipped with Rex vertical
traveling screens to prevent entrainment offish into the power canal (CH2MHiIl2003).
Presently, each of

The existing screens are 11 '2" wide and 29' 6" high at a low forebay of 3,788 ft. This
screen height assumes 6 inches at the bottom of
the screen is ineffective due to the
normal seal arrangement. The gross approach area for each ofthe four screens is 329.4
square feet for a total gross area of 1,318 square feet. The resulting approach velocity
with an intake flow is 2.3 fps, which is almost six times the modern criteria of

0.4 fps.

The existing screen bypass system, although consistent with the design one would
normally expect for traveling band screens, does not meet modern design standards. The
flow rate for the existing bypass is estimated at 20 cfs.
High pressure spray systems are supposed to keep the screens free of debris buildup.
Fish screen housings were modified in 1988 to allow year-round operations, prior to that
time, screens were removed during the winter period to avoid ice buildup. Metal screens
were replaced in 1992 with 1/8 mesh, but debris occasionally damages the screens
requiring time-consuming repair with no backup screens in place during repair.
Recommendation
The Applicant shall consult with NOAA Fisheries, USFWS and ODFW fish passage
engineers on the design construction and operation of a screen and downstream passage
facility based on agency criteria and with agency consultation. There may be
environmental and/or operational factors that complicate fish passage at this site such as
surface currents in the reservoir and daily drawdown operations for peaking. Knowledge
about all the factors that affect downstream fish passage wil ensure adequate design,
placement and operation. Additional biological and hydraulic monitoring and evaluation
studies wil be necessary to evaluate performance ofthe screen and bypass system and
ensure safe passage of fish.
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Copco 1, Copco 2 and Iron Gate Dam
Current Upstream Fish Passage
There are currently no fish passage facilities at Copco 1, Copco 2 or Iron Gate Dam.
This lack of fish passage facilities has prevented federal and state agencies from meeting
fish and habitat management objectives such as restoration of anadromous fish to historic
habitat, reconnecting native resident fish populations, and improving production of native
fish populations.
Recommendation
The Applicant shall consult with NOAA Fisheries, USFWS and California Department of
Fish and Game (CDFG) fish passage engineers on the design construction and operation
facilities to provide volitional fish passage for Chinook salmon, coho salmon,
of
steelhead and lamprey. Facility design shall be based upon agency criteria and
consultation.

Current Downstream Fish Passage
There are currently no fish passage facilities at Copco 1 Copco 2 or Iron Gate Dam. This
lack of fish passage facilities has prevented federal and state agencies from meeting fish
and habitat management objectives such as restoration of anadromous fish to historic
habitat, reconnecting native resident fish populations, and improving production of native
fish populations.
Recommendation
The Applicant shall consult with NOAA Fisheries, USFWS and CDFG fish passage
engineers on the design construction and operation of
facilities to provide volitional fish
passage for Chinook salmon, coho salmon, steelhead and lamprey. Facility design shall
be based upon agency criteria and consultation.
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Executive Summary
An investigation was conducted by G&G Associates for American Rivers, to determine
the feasibility and cost of
removing Iron Gate, Copco 2, Cop
co 1, and J.C. Boyle dams on
Klamath River. The study was based on public infonnation available to American Rivers
and limited infonnation available from PaciffCorp. Review of available infonnation
regarding the dams, trapped sediment, and river characteristics indicates that removing
the dams is feasible and that the cost would be approximately $40 milion. Based on
assumptions stated in this report, the cost for removal would be $19.2, $1.9, $ 8.5, and
$6.2 million respectively for Iron Gate, Copco 2, Copco i, and J.e. Boyle dams.

Dams would be removed using a combintion of well-established blasting, excavating,
and hauling techniques. Removing the strctues would require river flow to be diverted
away from the work site. Approximately i.5 milion cubic yards of concrete, rock and
earth would need to be removed from the dam sites and relocated to nearby spoils sites.
Studies conducted as part of the hydropower re1icensing proceeding indicate that
cumulatively, all four dams trap approximately 14.4 million cubic yards of sediment, of
which approximately 87% is silt and clay and 13% is sand or larger materiaL. Cost
estimates developed for this study are based on the assumption that sediment trapped
behind the dams would be naturally eroded downstream. Infonnation regarding the
volume of sediment trapped appears to be well developed but infonnatÌon regarding grain

size distribution of trapped sediment appears to be insuffcient to determne how quickly
the eroded sediment would move though and out of the river system.
To remove the structures, reservoir water and river flow must be temporarily diverted
away from demolition activities. Several approaches to diversion of river flow are
presented. Two approaches, notching strctues to allow flow through the top and using
existing low-Ievel outlet strctues were found to be feasible and least cost approaches to

river diversion.

Additional studies required to fully evaluate all required actions for dam removal are also
discussed.

G&G Associates
(206) 547-4148
FAX 547-4052
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Introduction
PacifiCorp is curently in the process of preparng a license application for their Klamath
River hydroelectric project (FERC Project No. 2082). Mitigation measures that
PacifiCorp and the relicensing proceeding staeholders are investigating include various

means of providing or improving fish passage at the five dams 10cated on the mainstem
Klamath River. As an alternative to constructing or upgrading fish passage facilities, ths
report investigates decommissioning all or any of the four 10wer dams. These four dams,
Iron Gate, Copco 1 and Cop
co 2, and J. C. Boyle are located from river mile (RM) 190 to
224.7. Removal of
the four dams would return approximately 40 miles of
river to natural
processes and allow unrestricted access to migrating fish in ths reach.

This report develops a feasibility level analysis of the costs and feasibility of completely
removing the four dams and all the sediment trapped behind the dams. Existing
infonnation sources were used to develop this report. No additional testing or
measurement was conducted for the report. Infonnation used came from PacifiCorp and
public sources such as U.S.G.S. for flow and topographic infonnation, state agencies, and
studies conducted as part of the re1icensing proceeding.

Authorization and Scope
G&G Associates has developed this report for American ~vers, Trout Unlimited,
the River, and the Klamath River Intertribal Fish and Water
Commission. The scope of this investigation is feasibility level only. Specific
Inonnation regarding volume, location, and size oftrapped sediment, specific
Califomma Trout, Friends of

dimensions of strctures, natue and extent of water use downstream of the dams, and

location of spoils sites was either not avai1able or developing such infonnation was
beyond the scope of this report. Numerous issues require more investigation before final
costs estimates can be completed. The objective of this report is to detenne whether
removal of the four lower Klamath River dams is feasible from a constrction and cost

perspective.

The sources of infonnation used to analyze dam removal options were limited to
published infonnation and infonnation supplied in documents meant for puroses other
than analyzing details of the dam and associated strctures. As a result, the accuracy of

the analysis is limited to the accuracy of the source infonnation. A compilation of
additional infonnation required to further investigate removal is included at the end of
this report.

Project Description
The Klamath River flows generally southwesterly from Lake Euwana, near Klamath
Falls, Oregon to the Pacific Ocean near Requa, California. The four lower dams on the
river, J. C. Boyle, Copco 1 and 2, and Iron Gate, were studied for removaL. Details of
these four dams are provided in Table 1. J.C. Boyle is located on the Klamath River in
Oregon, while the other three are 10cated in northern California.

G&G Associates
(206) 547-4148
FAX 547-4052
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Table 1 Dam Detailsl

Item

Iron Gate

Copco 2

Copco 1

J.e. Boyle

Purose

Hydropower
and Flow
Regulation

Hydropower

Hydropower

Hydropower

Date of Constrction

1962

1925

1918

1958

Location

190

198.3

198.6

224.7

Generating Capacity (MW)

18

27

20

80

Head (ft)

158

152

123

463

Turbine Hydraulic Capacity (cfs)

1,735

3,200

3,200

3,000

Dam Type

Rockfll

Concrete

Concrete

Eartfill

Spilway Length (ft)

685

130

182

115

Spillway Gate Type

Ungated

Taintor

Taintor

Taintor

Spilway Crest Elevation (ft msl)

2328.0

2454.0

2593.5

3781.5

Head at Spilway

164

21

111

18

Upstream Fish Passage

No

No

No

Yes

Downstream Fish Passage

No

No

No

Yes

Reservoir Length (miles)

6.8

.3

4.54

3.6

Reservoir Surace Area (acres)

944

40

1000

420

Reservoir Max. Depth (ft)

167

28

108

53

Normal Pool Elevation (ft msl)

2324

2601

3788

Storage Capacity (ac-ft)

58,794

73.5

46,867

3,495

Average Anual Daily Flow (cfs)

1,852

1,885

1,885

1,511

¡ Information shown was taken from First Stage Consultation Document, Klamath Hydroelectric Project,

FERC No. 2082, submitted by PacifiCorp, 2000
(206) 547-4148
FAX 547-4052
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Structure Removal
As shown in Table 1, the strctures to be removed include concrete constrction and
ear and rock fill strctures. The total quantity of material contained in all four dams is

approximately 1.4 milion cubic yards. Most of this material is contained in Iron Gate
Dam. Both Iron Gate and J.C. Boyle dams are earen dams that also include concrete

appurenant strctures. Copco 1 and 2 are concrete structures.
The tye of dam involved wil determine removal requirements. The two concrete dams

can be removed using driling and blasting demolitíon techniques. Earth and Rock fill

dams wil require the use of excavating and hauling equipment. As shown in Figure 1,
river flow is continuous in the river channel during all months of the year. Due to this
continuous flow, access to the dam for demolition purposes wil require some tye of
river diversion during demolition activities for each dam.
Cost and feasibílty analyses assume that all strctues restrcting flow in the Klamath

River will be removed down to the pre-dam riverbed elevation. Portions of strctues

below the streambed would remain in place except where they are considered unstable.
The approach to strcture removal for each site wil depend on conditions at that site
including access for constrction and demolition equipment, access requirements, extent
and need for road upgrades, and spoils site location.

Investigation of the availability of spoils sites for materials from the dams is beyond the
scope of this report. However, a review of the topographic maps of the area suggests that
appropriate sites located near each facility may be available. An estimate of the space
required to contain the demolished dam materials, and assumptions regarding haul
distances, are provided in the discussion for each dam.

Dam Removal Approaches
Dam removal generally involves demolishing and removing strctual flow impediments

in the path of the river. Removal strategies such as opening a flow path through the
bottom of
the dam were not considered in ths report. For efficiency, demolition
generally requires that work activities be conducted in dry conditions. Rivers that exhibit
continuous flow thoughout the year require some means to temporarly divert the river
flow away from the location of work durng dam demolition activities. The following
sections describe several dam demolition and river diversion techniques. Actual
demolition projects may combine several of the following techniques to suit site
constraints or opportities.

Assumptions and Criteria
Removal Approaches described below are based on the following assumptions.
1. The least expensive approach to demolition of high strength concrete strcture is,
generally, drlling and blasting.

a. Concrete strength of the structures is unnown.

b. Low strength concrete can be economically removed at a price
competitive with blasting using impact devices such as a hoe-ram.
(206) 547-4148
FAX 547-4052
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c. Drilling and blasting involves pre-drilling holes in the concrete structue,

packing the holes with explosive material, and blasting sections of the
strctue in a controlled fashion.

2. Several options for river diversion are possible when removing a concrete dam
strcture including;

a. allowing river flow though a notch constructed in a portion of the
strcture while other sections are demolished,
b. low-1evel outlets, and

c. tuels.

The approach used wil depend on the economics, flow conditions, safety,
strctural integrity, and water quality considerations.

3. Earfill and rockfill dam structures, such as Iron Gate and J.C. Boyle, can be

removed using standard constrction excavation equipment such as dozers,
graders, scrapers, excavators, loaders, conveyors, and trucks.
a. Unlike concrete strctures, the material used to constrct the dam is

erodible. Water and river flow must be diverted away from the dam to
accomplish excavation.

b. Iron Gate Dam has a low-level outlet that would be used to lower water
level elevations during demolition
c. The availability of a low-level outlet at J.e. Boyle is unkown.

d. Heavy constrction equipment would be used to excavate the material and
haul it to a disposal site where the material would be stabilized.
e. Local haul roads may require some upgrading. Public highways wil be

adequate for all vehicles used.
4. Structures in the river wil be removed to the pre-dam riverbed elevation.

a. Tummels wil be unaltered.
b. Concrete strctures that present a possible hazard wil be removed.

c. Otherwise, concrete strctues that do not affect river flow conditions wil
remain in place.

d. Wood support buildings would be removed.
e. Concrete buildings would remain as long as exposure would not represent

a safety hazard.

this investigation. Power plants
and turbines would be removed and salvaged as possible.

5. Electrical tower and line removal is not part of

G&G Associates
(206) 547-4148
FAX 547-4052

5

4003 1st Ave NW
Seattle, WA 98107

Ex. D, p. 9

Investigation of

Removal of

Four Lower Klamath River Dams

Spoils Sites
Sites will be required for placement of all materials taken from each demolished dam. A
topographic maps suggests that appropriate sites might exist. This report
assumes that a site is available within 10 miles of each strcture dam. However, no
specific sites were identified as a part of this study.
review of

Disposal site preparation would include clearng and grading. The assumption was made
that ground water would not be adversely affected by pennanent storage of material on
the sites. Cost estimates assume that some site preparation would be necessary and that
surace and groundwater impacts at the sIte would need to be addressed. The cost

estimates include a line item for enviromnental mitigation at the disposal site to cover the
costs of these issues.

Table 2 provides approximate dimensions of spoils site requirements for each dam. Iron
Gate contains a much greater quantity of material than the other projects. The height of

which
is available for this report. Side slopes on material placed at the spoils site were assumed
the material wil depend on local conditions and material characteristics, neither of

to be fonned at 2 horizontal to 1 vertical ratio.

Table 2 Estimated Spoils Site Requirements

Structure

Volume - CY

Area - acres

Height - feet

J.C. Boyle

150,000

15.5

6

Copco 1

38,5002

4

6

Copco 2

5,500

1.2

3

Iron Gate

1,320,000

41

20

Access
Access by large construction equipment was assumed possible since access was available
durng the constrction of the project. Since the condition or necessity to improve road

access was unkown, an allowance in the cost estimate for road upgrades was included to

account for heavy equipment access.

Hydrology
Precipitation in the basin is seasonal, with 60 percent of the total annual precipitation
falling from November to March. December and Januar are the wettest months; the
driest months are between June and September. Annual precipitation patterns historically
define distinct dry and wet cycles that are closely related to runoff and the river's flow
regime. The most recent climatic trends include wet periods from 1885 to 1915 and 1940
2 Volume increased by 10% for concrete structures, Copco 1 and 2
G&G Associates
(206) 547-4148
FAX 547-4052
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to 1975, and dry periods from 1915 to 1940 and 1975 to 1994. General decreases in
runoff and discharge over the last 20 years also coincide with a generally decreasing
trend in precipitation patterns and increasing consumptive diversions upstream of the
project.
Some accretion of flow occurs over the 64 miles of river where the Project facilities are
located. Natural springs contribute an assumed relatively constant flow to the Klamath
River chanel between the J.C. Boyle dam and its powerhouse between about RM 220
and RM 225. These springs contrbute about 350 cfs. Tributaries to the Klamath River in
the Project area between Link River dam and Iron Gate dam are relatively smalL. The

largest include Spencer Creek (approximately 20 to 200 cfs, which flows into J.e. Boyle
1 Creek (10 to100 cfs), which enters the river just upstream from Copco
reservoir, and Fall (30 tolOO cfs) and Jenny creeks (30 to 500 cfs), which flow into Iron
reservoir, Shove

Gate reservoir. Spencer Creek, Shovel Creek, and Jenny Creek all have iITigation

diversions that remove some water from them.

River Flow
Figure 1 shows the average daily flow rate of the Klamath River downstream ITom Iron
Gate dam, USGS gage no. 11506530, measured in cubic feet per second. The figure
shows the average flow for each calendar day over the period 1960 to 1999. Peak flow
usually occurs during March while the lowest flows are tyically in July. During July

the Keno and J.C. Boyle facilities than they

average daily flows are 10wer downstream of

are in the Lin River. This is primarily due to iigation diversions between the Lin
River staff gage and Keno.
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Figure 1 Average Daily Flow on the Klamath River
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River Diversion Options
Diversion of
water away from the back of
the dam structue allows the structue to be
removed in dry rather than wet conditions, aiding demolition efficiency. The river can be
diverted over, under, around or through the dam.

Notch Approach
Concrete Structures

The "notch" approach diverts the river over the dam through a notch constrcted in the

top of the dam. A rectangular section is constrcted at the top of the dam to create an
opening or notch large enough to allow slightly greater than average daily river flow to
pass though. The elevation of the notch is constructed to allow the reservoir to drop

with each new notch is constrction. When the reservoir elevation is lowered the
remainng portion of the dam is above the water elevation and can be removed in the dr
using any of the methods described above. The advantage to ths approach is that no
10w-Ievel outlet or diversion tunnel is required to divert the river. The river is diverted

though a notch in the top of the dam as the dam is removed.
After the exposed concrete is removed down to the elevation of the reservoir water, a new
notch is created and the reservoir is lowered again. This pattern is repeated until the dam
strctue is removed. This approach can greatly reduce the cost of demolition by

eliminating the cost of diversion tunnel or outlet constrction. It may, however, slow

constrction because storm events can raise water elevations, temporarily shutting down
demolition.

1------ NOTCH
l

Figure 2 Notch Approach
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Earthfill or Rockfill Structures
Both earthfill and rockfill structues are constructed of erodible materiaL. Creating a
chanel to allow flow over the top of these structues could cause severe vertical erosion
of the notch, breaching of the dam. However, if dam material properties are sirnlar to
river materials and quantities are small, this complete breach of the dam may be an
appropriate option. This approach has been used on many smaller eastern United States
dams.

An alternative to notching though dam material would notch though harder material
adjacent to the dam strcture, creating notches similar to the approach for a concrete dam.

Tunnel Diversion
Many dams are constrcted using tuels to divert the river flow while the strctue is
constrcted. Many times the tuel is constrcted around the constrction site through a
rock abutment. Tunels are, many times, plugged with concrete after constrction. In a
similar manner, it is possible to constrct a tunnel to divert the river flow durig
demolition. If the original tunnel is capable of use for diversion, costs for demolition can
be reduced. However, constrction of a new tuel can be a major portion of the cost of
dam removaL. Tunel constrction usually is the most expensive approach to river
diversion and, as a result, is not generally used.

Low-level Outlet
Many dams have low-level outlets built into them. These outlet strctures are used for

reservoir elevation control or sluicing of sediment to keep reservoirs from filling with
sediment. In larger reservoirs they may never have been used because sedimentation
issues are not of concern until many years after the dam is constrcted. Outlet strctues

mayor may not be low enough to use for complete dam demolition. Many dam owners
are not sure of the safety or control of the outlet if it has not been used frequently.
Using the outlet in conjunction with the penstock intake to lower the reservoir may also
be possible. Most intake ports for power generation are not constructed at an elevation
that allows the reservoir to be completely emptied.
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J. C. Boyle Dam
J.C. Boyle development consists of a reservoir, dam, diversion canal, and powerhouse
between about RM 228 and 220. Constrction was completed in 1958. J.C. Boyle dam
is an earfill dam with a crest length of 692.6 feet and a top width of 15 feet. The

the dam is 413.5 feet.

upstream to downstream length at the base of

The dam is 68 feet tall, impounding a narow reservoir of 420 sUUace acres3. According
the dam stores about 3,495
acre- feet of water with 1,724 acre-feet of active storage capacity. The dam has three spil

to facility drawings, the impoundment formed upstream of

the

gates and can divert up to roughly 3,000 cfs, which is the hydraulic capacity of

powerhouse. The intake invert elevation is 3768 msl.

State highway 66 provides access to the site. An access road rus along the downstream
face of the dam. Below that the face is covered with riprap. The pre-dam river elevation
at the downstream toe of
the
dam is approximately elevation 3715. The crest of
the dam
is at elevation 3800 msl and 117 feet wide. A drawing of

the dam

the cross section of

shows the length to be approximately 430 feet while documents list the length as 730
feet. The former was used in volume calculations. The strcture height at the center of the
dam is 68 feet.

A weir with cleanng orifice fish ladder approximately 569 feet long with 57 pools is
located at the dam. The concrete-walled canal extends just over 2 miles along a cliff face
before entering a tunnel and steel penstocks. The powerhouse is located about 4.3 RM
downstream of the dam. Each penstock serves a separate 40-MW unit. The next
downstream facility is Cop
co No.1 reservoir, approximately17 miles away. Other
elements of
the project are listed below in Table 3
Table 3 J. C. Boyle Appurtenances

Item

Description

Quantity

Tunnel

74.5 feet

Diversion tuel for dam constrction

Tunel

1587 feet

Penstock tuel

Concrete

Intae Strcture

Water Delivery System

10761 feet

Concrete Flume

Power Plant and Turbines

2

GE Generators

Substation

2

Transformers

Transmission Lines

Penstock

70 miles

Approximately 10 feet in diameter

2 (( 958 feet

each

3 First Stage Consultation Document, Klamath Hydroelectric Project, FERC No. 2082, pg. 2-5
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Figure 3 Plan View of J. C. Boyle Dam

Figure 4 Section through J. C. Boyle Dam
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Removal Approach
Because this strcture is an eart-fill strcture the constrction materials are likely to be

highly erodible. Approximately 150,000 cubic yards of material were placed to form the
dam. The approach discussed in this report removes dam material using mechanical

equipment to excavate and haul the material to an upland location for permanent
placement.
Cost estimates were conducted for two approaches to river diversion. The first approach
would use sheet piles drven through the dam to the riverbed in the direction of river flow
to create a controlled channeL. The reservoir would be lowered to approximately
elevation 3770 though the existing diversion canal durig summer 10w flows.
Approximately 25,000 cubic yards of

materia

1 could be removed down to this elevation.

Sheet piles would be drven prior to 10wering the reservoir and a chanel excavated

between the piles down to elevation 3760. A row of sheet piles perpendicular to these piles
would be constrcted upstream of
the crest of
the dam to control flow. A downstream row
of sheet piles would also be constrcted to control erosion. See Figure 5.

LONGITUDINAL SHEET PILES
FOR FLOW DIVERSION CHANNEL

TRANSVERSE SHEET PILES
FOR RESERVOIR ELEVATION
CONTROL DURING EXCAVATION

Figure 5 Plan View of J.C. Boyle Dam
Alternate methods of
river diversion would be to construct a notch in the rock abutment
adjacent to the dam or open the river diversion tunnel used for construction of the dam.

However, because no information was available about the tuel the rock excavation

approach was investigated.

The elevation of the notch would be constrcted incrementally to allow excavation of
dam material in the dr. A channel in the rock abutment at the location of
the existing
spilway would be constructed approximately 20 feet wide and up to approximately 40
deep. Driling and blasting techniques would be used to excavate the rock.
(206) 547-4148
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Approximately 10,00 cubic yards of
rock would be removed durg river diversion and
replaced after dam removaL. The chanel would be excavated prior to excavation of dam
material except for the upstream-most section of the chaneL. This section would be
removed as required to control the rate of reservoir 10wering. The river would be

diverted though the chanel during excavation of the dam. Rock would be blasted into

rubble and removed using standard excavating equipment or a crane with a clamshell
bucket erected on site for use in material excavation. Rock would be stored on site for
replacement after dam removaL.

Cost Estimate

The cost estimate for removing I.C. Boyle Dam, shown in Table 8, assumed that all
material in the dam above the streambed was removed. The sheet pile incremental
removal method proved to be less expensive and is used for ths estimate. The cost
estimate did not include costs for removing all canal concrete. Canal concrete removal

shown in the cost estimate includes only the freestanding wall sections. Canal concrete
against rock was not removed. Transmission line removal was not included. Insufficient
information was available to determine detailed costs for removal of most of the
appurenance items such as the penstock, powerhouse, out buildings, and substations.

Cost for these items should be considered order of magntude only. Line items are
included to show consideration of
the requirement to conduct this work only. See Table
8 for more details regarding costs.
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Copeo 1
Copco No.1 project faculties include a reservoir, dam, and powerhouse located between
about RM 204 and RM 199 near the Oregon-California border. Constrction was

complete and generation at unit 1 began in 1918. Copco No.1 dam is a concrete arch
dam 126 feet high; approximately 250 wide at the top, with 13 spil gates across the top.
Normal full pool elevation is 2607.5. The bottom of
the dam extends well beneath the
predam riverbed and is approximately 110 feet wide at the predam riverbed elevation.

the spilway section is shown at elevation 2593.6 and predam riverbed
the dam was approximately 2480. About 100 feet of
concrete is bured beneath the riverbed. A concrete cutoff wall was constructed upstream
of the dam to aid in the constrction of the foundation.

The crest of
elevation

just downstream of

the dam is approximately 1,000 surface acres
total storage capacity and 6,235 acre-feet of active
storage capacity. The Copco No.1 powerhouse is located at the base of dam and has two
Double Runer Horizontal Francis turbines, each 10 MW. Combined hydraulic capacity
of
the tubines is roughly 3,200 cfs. Water diverted through the Copco No.1 powerhouse
is directed to the Copco No.2 powerhouse intake (described below) through the
approximately 1-mile-long reservoir.

The impoundment formed upstream of

containng about 45,500 acre-feet of

Removal Approaches
Based on available drawings the estimated concrete contained in the arch dam strcture is
approximately 52,000 cubic yards of concrete. However, reported concrete quantity4
placed in the dam was only 35,000 cubic yards. The lower volume was used for this

report. Several methods of removing the concrete are possible including using a
mechanical impact hammer, drilling and blasting, expansion crackig, and combinations

of these methods.
Several methods of river diversion are described in the previous discussions. A low-leve1

outlet would provide the least cost and best control over reservoir elevations. Because
information regarding the low-level outlet was not available the "notch" diversion
approach was used in cost and constrction feasibility analysis. Discussions of
the
constrction of Copco 1 indicate that a diversion tuel was used to divert flow during

the constrction of the dam. A tuel outlet is visible at the base of the dam. The
condition of the tunnel is unown and assumed to be unusable for deconstruction
purposes. Should this tunnel be usable it may offer a more convenient and less expensive
option for removaL.

The penstock can be used during low flows to draw the elevation of the water below the
demolition work up to 20 feet below the spilway crest. The water canot be lowered

below that elevation without use of a 10w-level outlet. An alternate method would

450 Years on the Klamath River, John C. Boyle, KJocker Printery, Medford, Or, 1976
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constrct notches in one section of the dam to allow river flow to pass leaving the
remaining portion of
the strcture to be removed in the dry.

Depending on the allowable sediment release requirements downstream of the dams,
control of coarse sediment releases can be accomplished using either the notch or lowlevel outlet approach. Since Iron Gate Dam is downstream of Copco 1, sediment release
criteria may not be an issue.
Cost Estimate

The estimated costs for removal of Copco 1 are shown in Table 9. Cost estimates are
based on the assumption that Copco 1 would be removed using the notch approach.
However, more control of sediment release and tubidity may be possible using a 10wlevel outlet approach.
The cost estimate assumed that all concrete would be removed down to the pre-dam
riverbed. Turbine, penstock, powerhouse, and other appurenance removal could happen
either before or after dam removaL. Table 9 provides more detailed cost information.
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Copeo 2
co No.2 development consists of a concrete diversion dam, small impoundment,
just downstream of
Cop
co No.1 dam between about RM 198.3
and RM 196.8. Copco 2 has a normal pool level of2,483.0 feet and a tailwater elevation
of 2,461.0 feet, resulting in a total gross head of 22 feet. The reservoir created by the
The Cop

and powerhouse located

dam has minimal storage capacity (73 acre-feet). Completed in 1925, the dam is only 33

feet high by approximately 140 feet wide. Taintor gates control pond elevation in 5 bays.

The conduit to the powerhouse consists of portions of wood-stave, rock tunnel, and steel
penstock. Two Vertical Francis (13.5 MW each) units with a combined hydraulic
capacity of 3,200 cfs reside in the powerhouse

Removal Approaches
Based on description and very limited sketches, the concrete volume contained in the
dam is estimated to be approximately 3,000 cubic yards. Access to the site is reported to
be constrained. For this analysis the assumption was made that only one vehicle could

travel on the access road but that a standard over the road 10 to 12 yard trck could pass.
We also assumed that demolition equipment large enough to conduct the demolition
process could be transported to the site.

Dam demolition would most likely be conducted using a hoe-ram and severa11 O-yard
trcks to haul material away from the site. Water level would be lowered using the gate

as far as possible. Penstock capacity significantly exceeds 10w average flows in summer
months and would be used to lower water elevation to near the invert of the penstock.

Preceding concrete demolition, spilway gates and stachions would be removed. Due to
lack of suffcient details regarding the configuation of the strcture we could not
determine if water elevations could be drawn down sufficiently to remove all concrete in
dr conditions. Generally, hoe-ram demolition can proceed in wet conditions if flow

velocity around the hamer does not exceed about 6 feet per second. We have assumed
that all demolition would occur using backhoe mounted hydraulic impact hammers.
Should furter investigation show that water velocities become excessive, a small section
of the dam could be blasted out to allow river flow to pass around the dam while the
remaing portion was demolished in the dry.
Using a hoe ram, a 24-foot section would be demolished 10 feet deep in wet conditions.

Equipment would be located on both sides of the demolition area to allow suffcient reach
to conduct the demolition. Once demolition in this section was finished, the portion of
the dam above water would be demolished down to water elevation. This approach
would be used to remove the concrete in steps down to the riverbed elevation. When the
notched portion bottom elevation reaches the riverbed elevation the notching can proceed
no lower. At that point temporary cofferdams would be placed in the river to divert water
to the notch away from the demolition areas. The temporary cofferdam would be

approximately 5 feet high and constructed of individual concrete blocks that could be set
and removed using a crane.
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Cost Estimate

The cost estimate, presented iii Table 10, included removing the darn, wood stave pipe,
surge tan, penstock, and powerhouse. A review of the condition of access roads was not
included in this report. However, access road improvement is included in the cost
estimate. Tunnels would be capped but otherwise unaltered. Capping tuels was

considered incidental to the overall constrction cost and is part of the contingency
factor. Cost for removal of the surge tan was included in powerhouse removal costs. The
cost estimate, Table 10, provides more details
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Existing Conditions
Iron Gate Dam is the last dam on the river, located approximately 7 miles downstream of
Copco 2 powerhouse. The project consists of a reservoir, dam, and powerhouse located
between about RM 196.8 and RM 190. This facility is located about 20 miles northeast

ofYreka, Californa.
The dam is earth and rock fill construction with a compacted clay core and concrete
cutoff

wall with a grout curain at the base of

the grout

the dam. The dimensions of

curain and clay core were not available for this investigation.

Iron Gate dam was completed in 1962. Iron Gate Dam is 173 feet high and has a crest
length of approximately 685 feet. The spilway is a free overfow, side channel with a
capacity of 32,000 cfs. A 969 foot long horseshoe shaped tuel served as a river

the dam and cUlently serves as a sluiceway.

diversion durg constrction of

Access for demolition activities would be along an existing road along the Klamath
River. The dam is about 7 miles from Interstate Highway 5. The condition of
the road
along the Klamath River is unkown. It was assumed that the road would need to be
upgraded due to the relatively large volume of traffc that would be required to remove
dam materiaL.

The impoundment formed upstream of the dam is approximately 944 sudace acres and
contain about 58,794 acre-feet of
total storage capacity and 3,790 acre-feet of active
storage capacity. An ungated spilway, 730 feet long, leads to a large canal, allowing the
transport of

the

high flows past the structure. The powerhouse is located at the base of

dam and consists of a single Vertical Francis unit (18 MW with a hydraulic capacity of
1,735-cfs. Normal tailwater elevation is 2,171 feet.

No constrction drawings were available for ths investigation. Based on photographs
and sketches of the facility from previous reports, removal volumes tabulated in Table 4,
were calculated.

Table 4 Estimated Material Volumes at Iron Gate Dam

Item

Volume - cubic yards

Rockfill

1,100,000

220,000

Core Material 5

Estimated Concrete

3,000

5 Assumed. Dimensions - no drawings were available.
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Table 5 Additional Iron Gate Dam Project Structures

Item

Tunel

Quantity
969.2 feet

Description
Horseshoe shaped 16 feet - Assumed to
be gated and operational

Penstock

681 feet long

12 foot diameter

Side channel diversion

730 feet

Diversion intake withdraws water from

about the top (surface) 35 feet of
reservoir.

Power plant

1 Turbine

Substation

1 Transfoimer

Fish rearg facilities and
ladder

Feet

Transmission lines

Unkown

40,000 Square

Approximate area occupies by fish
facilities

Removal Approach
Iron Gate Dam contains the largest quantity of material of all the dams included in ths
report, and is the most expensive to remove. Although infonnation regarding the
condition of
the low-level diversion tunnel used to divert the river durg original
constrction was not available, it is assumed that the tuel can be made operational
since it is listed as a sluice tuel. It is also assumed that a diversion strctue or
cofferdam was constrcted across the river upstream of the tunnel and left in place durg
the original construction. This would have been essential for high flow contingencies
durng the constrction to avoid overtopping of the tuel and erosion of the parally

constrcted dam.

The first stage of construction would lower the reservoir approximately 10 feet below the
existing elevation using the existing diversion tunnel. It is assumed that Iron Gate
Reservoir could be completely drained, and the trapped sediment could be sluiced out,
using the low-level tunnel because the material for the dam was placed using the same
tuel. The demolition process, then, would simply reverse the activities of the

constrction process. Reservoir water elevations would be kept below constrction

activities to ensure adequate safety in the event of high flows so that equipment and
personnel would have time to evacuate the site.
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Details of the dam material characteristics were not available for development of this
report. The removal approach assumed that demolition would be conducted using
standard excavation techniques and equipment. Approximately 130,000 round trps of a
standard 12-yard trck would be necessary from the dam site to an unspecified disposal
site to remove all dam materiaL.

The removal approach assumed that a diversion dam was constructed across the upstream
channel just below the tuel upstream opening. After all removal activities were
complete for the main dam strctue, the diversion dam would be breached. Nothing is

known of this diversion dam. An estimate based on the assumption that the diversion
dam was approximately 20-feet high was used in the cost estimate.

The spilway strcture appears to be constrcted on bedrock. Most of the higher portion
of the strctue would not be demolished. The cost estimate reflects removing the lower

section adjacent to the river.

Cost Estimate

The estimated cost for removing Iron Gate is presented in Table 11. For Iron Gate only,
the contingency is 20% instead of 25% used on all other cost estimates. This 10wer

contingency reflects the lower uncertainty associated with a repetitive process such as
removing large quantities of materiaL.

The cost estimate includes removal of the dam, concrete appurtenant structures including
the spilway, right bank chanel, powerhouse, and fish facilities. Concrete in the existing
tuel would be removed after the dam was successfully removed. Since the condition
of the existing tunnel is unown, cost for refubishing the outlet are included. This cost
should be considered a placeholder for this item until better infonnation is available.

Because such large quantities of material were used to constrct the dam, cost for
removal of Iron Gate Dam is domiated by the length of the haul, the size of trck used

to conduct hauling activities, and requirements of the disposal site. The cost estimate
included in ths investigation assumes that material removed from the dam would be
hauled to a site within 5 miles of the dam. Developing a disposal site near the dam would
greatly reduce removal costs. Using off road trucks would also reduce the costs.

Removal of the substation was not included in the cost estimate. The appurtenant
strctures would be removed after dam removaL. Table 11 provides details of the items

included in the cost estimate.
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Sediment Management
Existing Conditions
A thorough investigation of the characteristics of the sediment trapped behind the four
dams has not been conducted at this time. Before dam removal could occur, the chemical
and physical characteristics of trapped sediment would need to be detennined. Limted
chemical testing has been conducted. Regulatory requirements for chemical testing of
sediments for dam removal have not been clearly defined. Other similar projects have
used the Puget Sound Dredge Disposal Analysis technques and drinkng water chemical
testing requirements as guidelines.

Physical parameters that wil need to be investigated include material grain size
distrbution and location, particle fall velocities and particle shape, and geotechnical
characteristics of the materiaL. Grain size distrbution and location is important for
analyzing the ability to excavate or erode the materiaL. Fall velocity and material shapes
would be used to analyze the erosion, deposition, and transport of the material by flowing
water. Geotechncal properties are needed to analyze stable slopes through eroded
sediment and embanent slopes for relocated sediment.

Sediment Removal Options
Of the four reservoirs created by the dams, only two have significant amounts of trpped
sediment, Iron Gate and Copco 1. Most of the sediment natually caaed by a river is
trapped when a dam is constrcted across the river. Water velocities slow when the river
enters the reservoir and most sediment settles out of the water and stays in the reservoir.
Upstream dams have captued much of the sediment transported by the river in the upper

reaches and have restricted the volume of trapped sediment in the downstream reservoirs.
Stil, the estiated cumulative trapped sediment volume is over 14 million cubic yards.

See Table 6.
The upstream reservoirs may also have affected the size of material trapped in the 10wer

reservoirs. Approximately 87% of the trapped sediment is fine-grained materiaL. A
tyical distrbution between fine and coarse-grained material found in west coast

reservoirs is 65% fine-grained and 35% coarse-grained. Fine-grained material is

transported in the water colum in suspension and moves downstream essentially at the
velocity of the water. Larger coarse-grained material, generally larger than
approximately O.lmm in size, is transported more slowly along the riverbed. The
estimated distrbution between volumes of fine and course grained sediment in each
reservoir are shown in Table 7.
Two approaches to managing the sediment are possible; remove the sediment :6om the
reservoirs before removing the dams or allow the river to naturally erode the material
downstream. Several factors favor the latter approach. Costs for removing the sediment

:6om the river are much greater than allowing the material to naturally erode. Because
the trapped material is sediment naturally transported by the river, the downstream
environment may benefit from allowing it to move downstream.
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There are, however, numerous issues associated with transporting many years of
accumulated sediment in a short period of time that must be investigated. Most of these
issues are beyond the scope of this document primarily because adequate information
relating to water use downstream of the dams has not yet been assembled.
There would, most likely be some costs associated with implementing the natural erosion
approach. These costs could be for temporary flood or erosion protection, water quality
maintenance, or water rights issues. Furher study would be necessary before these issues

could be resolved.
Mechanical Excavation

Mechanical excavation would involve using large construction equipment to
mechanically excavate trapped sediment. Techniques would involve using a large

backhoe, scrappers, clamshell dredges, barges, and other excavation and transportation
equipment. Roads, bridges and dockig facilities may need to be constrcted or
upgraded to load and haul materiaL. Excavated material would be transported to a new
location and compacted.

Trucks used to remove the material would be limted to approximately 10 cubic yards of
material if transported to a remote upland site. If a nearby site were found that did not
involve transport over public thoroughfares, larger transport vehicles could be used.
Two approaches to mechanically removing sediment are possible; 1) dewater the
reservoir and remove material using standard excavation methods and 2) excavate
material using floating dredges and use barges and trucks to transport the excavated
materiaL. Both methods are expensive. Preliminary information indicates that material
trapped in the reservoirs is priarily frne-grained material, which is more diffcult to
excavate and transport. Mechancally excavating and relocating trapped sediments could
add over $150 milion to removal costs. Mechanical excavation was not investigated.

Hydraulic Dredging
Hydraulic dredging, a variation of the mechancal excavation approach, would use large
suction dredges to remove sediment trapped in the reservoirs. Cost for large-scale
operations of

this tye usually range between $7.50 and $15.00 per cubic yard of

materia

1

multiple pumping stations are required to move the
materiaL. Dredging was not investigated. Dredging could be expected to add over $100
milion to removal costs.
for removal only. Costs increase if

Natural Erosion

As shown in Table 7 most of the trapped material is fine materiaL.

trapped sediments would simply involve lowering the reservoir water
elevation so that the river erodes through the materiaL. Several approaches to naturally

Natual erosion of

eroding trapped sediments have been investigated on other dam removal projects.

The least complex approach would be to simply lower the reservoir rapidly without
regard to adjacent lands. This approach is desirable if the canyon in which the sediment

is trapped is narrow. Rapidly lowering the water levels causes water laden side slopes of
the river path cut through the sediment to fail and cause sediment to slide into the river to
be transported downstream. In a narrow canyon the river is constrained by the canyon
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walls and wil not meander. Conditions in the upstream delta area of the reservoirs for
Cop

co I and Iron Gate are unown but the general topology of the river canyon in these

reaches appears to fit this description.

In delta areas that are much wider than the river, lowering the reservoir in increments and
holding the water elevation steady for several days or weeks allows the river to meander
and erode through the delta. This process wil relocate much of the material downstream

in an area across the width of the remainig reservoir. As the reservoir is lowered the
sediment is distrbuted across the reservoir. At the same time a new river channel is cut
though the redistrbuted sediment. Much of the trapped material can be flushed out of
the reservoir and moves downstream. The remaining sediment would be perched on

riverbanks along the side of the newly fonned river.

Sediment Characterization
If mining activities occUled upstream of the dams it is possible that the reservoirs have
trapped some heavier metals. However, testing infonnation reviewed for ths report does
not suggest that heavy metals are present in the sediment.

Grain size analysis shown in Figure 6 below, was taken from a report by JC Headwaters,
Inc. (Bathymetry Study) conducted for PacifiCorp in Apri12003. Based on that report
sediment volumes and grain size distrbutions were developed, shown in Table 6 and
Table 7. Unfortnately, because of the sampling technques used, the grain size
distrbution shown in Table 7 is unikely to be very accurate since sediment samples were
taen only on the surface. Sampling must be conducted at vertical and horizontal
locations distrbuted thoughout the sediment to provide adequate knowledge of

the

characteristics of the sediment.

Table 6 Reservoir Sediment Volumes

Reservoir

Volume of Sediment

% of Total Reservoir
Volume

Bovle
Copco
Iron Gate

22,222
9,630,000
4,810,000

.06
3.17
3.55

As shown in Table 6, approximately 14.4 milion cubic yards of sediment are trapped
behind the dams. Based on the Bathymetry Study, approximately 87% of

the material is

fine material that is easily erodible and would present no significant short or 10ng-tenn
aggredation or flooding impacts downstream. Eroding sediments wil dramatically
increase suspended sediment concentrations and turbidity for certin periods.
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Figure 6 Approximate Grain Size Distributions for Klamath River Dams6
Using the sediment grain size distrbution shown in Figure 6 and assuming that each
reading represents an equal volume of sediment, the distrbution between suspended
sediment and bedload sediment, shown in Table 7, would result.

Typically all material classified as silt and clay (fine material) would be imediately
eroded and remain suspended in the river the entire length of the downstream reach. This
is a simplification of
what might actually occur if
river erosion were used to remove the
sediment. Some temporar deposition of fine-grained parcles would probably occur in

slow-moving and deeper reaches. Also some of the finer sands would be suspended
except for in the low-gradient, slower reaches. A more complete geomorphic study is
required to assess the response ofthe downstream river to erosion of this volume of fine
sediment. However, before such a study is undertaken, a more complete analysis of
sediment wil need to be conducted to better determine grain size characteristics.
The results presented in the Bathymetry Study are, generally, consistent with the
characteristics of sediment found in similar reservoirs in western North America; that is
the reservoir contains a greater amount of fine sediment than coarse sediment. However,

6 Bathymetry and Sediment Classification of

the Klamath Hydropower Project Impoundments, for
PacifiCorp by JC Headwaters, Inc., April 2003
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it seems likely that Copco 1 reservoir contains more sand and larger sized material than
estiated in Table 7 because it was the first dam to be constrcted and would have
captured virtally all sediment coming into the reservoir. Analysis based on the

Bathymett Study shows only about 4% coarse material in Copco 1.
According to the data shown, Iron Gate Dam, the most downstream in the group has a
larger percentage and amount of coarse material than the upstream dams. However,
Copco 1 has a greater free flowing upstream reach length and has been in place longer
than Iron Gate. Copco i would, therefore, be expected to trap a similar or greater amount
and proporton of coarse sediment. This inconsistency suggests fuer analysis of the

sediment should be conducted to confmm the Bathymett Study results.

Table 7 Estimated Quantities of Suspended and Bed Load Material Trapped behind
Cop

Dam

co, Iron Gate, and J. C Boyle Dams

Suspended Load Volume CY

Bed Load V olume CY

Fine Grained Material - Silt and Clay

Coarse Material - Sand, Gravel, and
Larger

16,330

5,890

Copco 1

9,208,688

421,313

Iron Gate

3,391,050

1,418,950

Total

12,601,371

1,840,851

J. C. Boyle
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Downstream Issues
Allowing sediment to erode downstream has several effects. It dramatically increases the
tubidity for the short tenn. It may increase the riverbed elevation in low-gradient

reaches. It may temporarly cause higher deposition in pools, and it may cause some
riverbed degradation in steeper areas if extremely high flows occur during the erosion
process.
Examination of specific effects of river erosion downstream of the dams is beyond the
scope of ths document. However, based on past projects of a similar natue, it is
possible to identify a number of issues that require examination to ensure downstream
movement of sediment does not severely impact water users or habitat. These issues are
listed below.
1. Affects to aquatic life including fish and their food sources such as invertebrates.

2. Changes in riverbed elevations especially near strctues. Changes can be either
aggredation or degradation of the riverbed. Strctures over the river, such as

bridges, might be impacted in the short-tenn due to changes in foundation
support. Strctues along the river may be impacted by a rise in flood levels due

to short and 10ng tenn changes.
3. Changes in the course of

the river. Most of

the sediment that¡reviously came

down the river has been trapped since the early par ofthe 20 century. This loss

of sediment may have caused the river to be straighter than other wise would be
the case. Adding high sediment 10ads in the short tenn can cause the river to
change course as new zones of deposition or erosion are created in response to the
changed sediment regime.

4. Changes in river water quality. Users of river water may experience changes in
tubidity, temperatue, organc content, and dissolved oxygen. Depending on the
use and the method of withdrawal, these changes may need to be mitigated.
Generally, effects would be most pronounced withn the reach imediately downstream
of the dams. Because of the relatively large distance between the dams and the river
mouth, impacts would be attenuated by tributar inflows and distrbution of coarse
sediment over a great length of river. Spikes in tubidity from eroded fine sediment
would reach the mouth of the river in approximately thee days. Coarse sediment,
depending on grain size, would require weeks to months to reach the mouth of the river,
depending on flows. An analysis of the expected response of the river to the release of
sediment from the dams would be required to evaluate the potential impacts to strctues,

water quality, habitat and other resources.

Combination Approaches
Numerous approaches using both mechanical, hydraulic, and erosion methods of moving
the sediment out of the reservoirs are possible. It is beyond the scope of this document to
analyze these approaches.
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Sequence and Timing
The timing and sequence of removal of the dams may require consideration of
downstream water users primarily for fisheries and water withdrawal issues. Flooding
considerations wil also need to be considered. For ths investigation it was assumed that
the thee upstream dams were removed before Iron Gate Dam was removed. Iron Gate

would act as a sediment trap and allow some control over sediment release rates and
downstream conditions.

Release of sediment though the low-Ieve1 outlet at Iron Gate would allow some measure

of control over tubidity and flooding issues downstream of the dam. As stated
previously, fuctionality of

the outlet is unown. However, based on drawings of
the
dam, the capacity and elevation of the outlet would appear to be sufficient to control the
release of most of the fine sediment and about half of the coarse sediment.

Removing Iron Gate Dam would require the greatest amount of time. Scheduling would
depend on requirements of sediment removaL. This report assumes that cost, feasibility,
and enviromnental constraints (noise, air, and traffc considerations) would make removal
of trapped sediment impractical and the sediment would be allowed to naturally erode
downstream.
Timing of eroding sediment may be important to water users and migrating fish and other
aquatic organisms. This investigation assumes that erosion would be intiated in high
flow months of
November though December. The schedule assumes that all sediment is

eroded in a single year. At a mimum, fuer investigation of the sediment
characteristics and development of sediment release criteria wil be required before ths
assumption can be confinned. Because Iron Gate Dam is the last dam on the river and it

has a workig low-Ievel outlet, eroding the sediment over several years would be also
feasible. However, this strategy might not be desired because the period of high turbidity
would be extended. Furer investigation of
water issues will be required to determine
the optimum approach for sediment erosion.
shows fish activity in the Klamath River.
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Remove Hatchery and Ladder

Excavate Dam

Prepare Spoils Site

Remove Powerhouse and Appurtenances

Erode Sediment beyond Copco 2

Remove Copco ! And 2

Remove Powerhouse and Penstock

Excavate Material

Drive Sheet Piles

Remove J.C. Boyle Dam
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Figure 8 Timing of Fish Runs 7
1.

The mainstem Klamath River tributares have the highest incidence ofa half-pounder life histoiy within the
Klamath -Trinity system. Approximately 90 to 100percent of steelhead juveniles ITom Iron Gate Hatcheiy and
nearby tributaries retum to ITesh water four to five months later as half-pounders (Shaw et al 1998).

2.

Limited trout spawning has been observed in the mainstem Klamath River within the Project area (J.e. Boyle
bypass reach). Spawning does occur in Shovel and Spencer Creeks.

3.

The resident trout juvenile emigration indicates when fish are leaving their natal streams and entering the
mainstem Klamath River.

4.

The information in this table is for the anadromous Pacific lamprey (Lamplera Iridenlala) which occurs below
Iron Gate Dam (IGD). Above IGD, potentially five lamprey species reside in the upper Klamath Basin (Kostow
2002). The nonparasitic Pit-Klamath brook lamprey (Lampelra leihophaga) and the parasitic Klamath River
lamprey (Lampelra simils) are considered sister species of
the Pacific lamprey. The Pit-Klamath brook lamprey is
found in the upper Klamath Basin upstream of

the Keno vicinity while the Klamath River lamprey distrbution is

Happy Camp, CA. The Miler Lake lamprey (Lampelra
minima) was thought to be endemic to Miler Lake (upper Klamath Basin), was extirpated from Miler Lake by
ODFW in 1958 and declard extinct in 1973. However, this species was rediscovered in the 1990's and the
expanded distribution includes Miler Lake basin, upper Klamath Marsh, the Wiliamson River system upstram
ITom upper Klamath Basin down to the vicinity of

of

the marsh, and throughout the upper Sycan River system. The other two recognzed species in the upper

Klamath Basin include the nonparasitic lamprey (Lampierafollett) and a parasitic species currently called
Lamplera lridenlala. L. folletti was described in 1976 with a distrbution in Lost River and the Klamath Basin
around the lower Klamath Marsh near Klamath Falls. However, it is not known whether L. fol/etti is present, or
ever was present. The other species is called L. iridenlala as it was once considered to be a landlocked population
of L. iridenlala. Evidence now suggests that this is an entirely separate species that never exhibited anadromy; it
does, however, have a migratoiy life histoiy pattern, moving between various fteshwater habitats to spawn and
rear. For the purposes of
this table, the life histoiy of the Pacific lamprey is a surrogate for the other lamprey
species since veiy little is known about their life histoiy.
5.

The river lamprey (L ayresi) has not been found in the Klamath Basin but its range is reported to be Sacramento
River to SE Alaska. The extension of adult lamprey migration wil cover this species if it is present.

6.

This includes both ammocoetes and eyed lamprey migration.

7.

The Klamath Basin contains four recognized species of catostomids: Klamath smallscate sucker, Klamath
largescale sucker, the shortnose sucker, and the Lost River sucker. Both the shortose sucker and the Lost River
sucker are federally listed endangered species and this table represents their life histoiy strategies (USFWS 1993).

7 First Stage Consultation Document, Klamath Hydroelectric Project, FERC No. 2082, pg. 5-3
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Cost Estimates
Cost estimates presented below include costs for removal of dams and certain
appurtenant structues only. Only strctues that might present future safety hazards or
could affect the free flows of the river were removed. The following cost estimates
attempt to identify the major cost items involved in removal of the dams. However, the

line item costs and total costs should be considered to be feasibility level cost estimates.

Costs associated with sediment removal and management are not included due to lack of
information regarding sediment characteristics, downstream strcture locations, and
downstream water user information.

Removal costs analysis did not identify a 10cation for the disposal of dam materiaL. Most
likely some improvement of the site and the access to the site or sites wil be required.
Costs shown for site work are order of magnitude placeholders for these items. Furer

analysis wil be required to determe disposal site costs.
The largest cost items are concrete and earrock fill removaL. Concrete demolition and
removal costs were taken from similar dam removal projects on the White Salmon and
Elwha rivers in Washington State. Earth and rock removal costs for Iron Gate and J.e.
Boyle dams were taken from Heavy Construction Cost Data, published by RS Means.
Adjustments were made to account for the size of the project and access considerations.
Most of the material removal quantities were based on relatively rough drawings of the
dam sites and should be taken as approximate only. Quantities for strctures such as fish

facilities, shops, and other buildings especially should be considered accurate only in
order of magnitude.

Requirements for environmental cleanup at the site are also completely unkown, but
estiates have been provided. Typically, oil used in transformers will require some

cleanup. The line items for cleanup should also be considered order of magntude
placeholders only until better information can be developed.
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Cost Estimate

Item

J. C. Boyle

Quantity Unit

Mobilization

1

LS

300 Tons

Unit Cost

Total

$ 300,000.00

$

300,000

2,000.00

$

600,000

Disposal Site Preparation

1

LS

$ 50,000.00

$

50,000

Upgrade Roads

1

LS

$ 50,000.00

$

50,000

Sheet Piles - Place, Cut and Extract

$

Excavate Material

150,000 CY

$

3.50

$

525,000

Haul Material

150,000 CY

$

10.00

$

1,500,000

Compact and Grade Material

150,000 CY

$

Environmental Mitigation at Disposal Site

16 Acres

Remove Fish Ladder

500 CY

1.00

$

150,000

$ 25,000.00

$

400,000

75.00

$

37,500

$

Remove Spillway and Gates

1

LS

$ 50,000.00

$

50,000

Remove Intake Structure

1

LS

$

50,000.00

$

50,000

$

3,712,500

$

150.00

$

1,125,000

Subtotal

Remove Canal Concrete

7,500 CY

Substation Removal

1

LS

$ 150,000.00

$

150,000

Environmental Cleanup

1

LS

$ 150,000.00

$

150,000

Remove Powerhouse and Generation Facilities

1

LS

$ 150,000.00

$

150,000

$

4,987,500

$

1,246,875
6,234,375

Subtotal

Contingencies

25%

Total

$

Table 8 J.C Boyle Cost Estimate

G&G Associates
(206) 547-4148
FAX 547-4052

32

4003 1st Ave NW
Seattle, WA98107

Ex. D, p. 36

Investigation of

Removal of

Four Lower Klamath River Dams

Cost Estimate Copco 1

Item

Quantity Unit

Unit Cost

Total

Mobilization

1

LS

$ 600,000.00

$

600,000

Upgrade Roads

1

LS

$ 50,000.00

$

50,000

35,000 CY

150.00

$

5,250,000

$ 50,000.00

$

50,000

Dril and Blast Concrete
Disposal Site Preparation

1

$

LS

Haul Material

35,000 CY

$

10.00

$

350,000

Compact and Grade Material

35,000 CY

$

3.00

$

105,000

Environmental Mitigation at Disposal Site

4 Acres

$ 25,000.00

$

100,000

Remove Spilway and Gates

1

LS

$ 50,000.00

$

50,000

Remove Intake Structure

1

LS

$ 50,000.00

$

50,000

$

6,605,000

Remove Penstock

1

LS

$ 25,000.00

Substation Removal

1

LS

Environmental Cleanup

1

LS

Remove Powerhouse and Generation Facilities

1

LS

Subtotal

Subtotal

Contingencies

25%

Total

$

25,000

$ 150,000.00

$

150,000

$ 150,000.00

$

150,000

$ 150,000.00

$

150,000

$

6,780,000

$

1,695,000

$

8,475,000

Table 9 Copco 1 Cost Estimate
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Removal of

Cost Estimate

Item

Copco 2

Quantity Unit

Unit Cost

Total
$

Mobilization

1

LS

$ 75,000.00

Upgrade Roads

1

LS

$

5,000 CY

$

LS

$
$

10,000.00
150.00
10,000.00
10.00

$

75,000
10,000
750,000
10,000
50,000

$

25,000.00

$

25,000

$

2.00
15,000.00
$ 50,000.00

$

$

$

10,000
15,000
50,000
995,000
150,000
150,000

Drill and Blast Concrete

Disposal Site Preparation

1

Haul Material

5,000 CY

Environmental Mitigation at Disposal Site

1

Acres

Compact and Grade Material

5,000 CY

Remove Spillway and Gates

1

LS

Remove Intake Structure

1

LS

Subtotal

$
$

$

$

$

Substation Removal

1

LS

$ 150,000.00

$

Environmental Cleanup

1

LS

$ 150,000.00

$

35.00

$

Remove Penstock

1 ,400 FT

Remove Powerhouse and Generation Facilities

1

Subtotal
Contingencies
Total

$

LS

$ 150,000.00

$

$

25%

$

$

49,000
150,000
1,494,000
373,500
1,867,500

Table 10 Copeo 2 Cost Estimate
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Investigation of

Removal of

Four Lower Klamath River Dams

Cost Estimate
Item

Iron Gate Dam

Quantity

Unit

Unit Cost

Total

$ 300,000.00

$

300,000

Mobilzation

1

LS

Refurbish Tunnel Outlet

1

LS

$ 350,000.00

$

350,000

Disposal Site Preparation

1

LS

$ 50,000.00

$

50,000

1

LS

$ 50,000.00

$

50,000

Upgrade Roads
Excavate Material

1,100,000 CY

$

2.50

$

2,750,000

220,000 CY

$

3.00

$

660,000

Haul Material 12CY Truck 10 Mile Haul

1,320,000 CY

$

7.00

$

9,240,000

Compact and Grade Material

1,320,000 CY

$

0.50

Excavate Core Material

Environmental Mitigation at Disposal Site

41

Remove Fish Ladder and Facility

Remove Spilway and Other Concrete

Acres

$

660,000

$ 25,000.00

$

1,025,000

750 CY

$

75.00

$

56,250

4,000 CY

$

150.00

$

600,000

Remove Penstock

1

LS

$ 50,000.00

$

50,000

Remove Intake Structure

1

LS

$ 50,000.00

$

50,000

$

15,841,250

Environmental Cleanup

1

LS

$ 25,000.00

$

25,000

Remove Powerhouse and Generation Facilties

1

LS

$ 150,000.00

$

150,000

$

16,016,250

Subtotal

Subtotal

Contingencies

20%

Total

$

3,203,250

$

19,219,500

Table 11 Iron Gate Cost Estimate

G&G Associates
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Investigation of

Removal of

Four Lower Klamath River Dams
Structure Removal Cost

Dam
Iron Gate

$

19,219,500

Cocpo 2

$

1,867,500

Copco 1

$

8,475,000

J. C. Boyle

$

6,234,375

Total Structure Removal Cost

$

35,796,375

Table 12 Summary of Cost Estimates Including All Costs

Dam

Structure Removal Cost

Iron Gate

$

19,009,500

Cocpo 2

$

1,243,750

Copco 1

$

8,256,250

J. C. Boyle

$

4,640,625

Total Structure Removal Cost

$

33,150,125

Table 13 Total w/o Power House Removal Costs

(206) 547-4148
FAX 547-4052
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Investigation of

Removal of

Four Lower Klamath River Dams

Information Required

Additional

Appraisal of the cost and approach for removal of the four lower dams on the Klamath
River was based on very limited information regarding the nature of the dams, strctures,
and river. No information was available regarding spoils sites, details of strctures, and

many other aspects of the projects that wil need to be developed if the removal is to
proceed.

It was also based on the assumption that sediment trapped behid the dams would be
eroded downstream and eventually be washed into the Pacific Ocean. Effects on the river,
strctures in and over the river, and water users wil depend on the details of the approach
to sediment management. Analysis of mitigation requirements is beyond the scope of
this document.
The following is a parial list of general information required to fully assess removal
options. The single most important piece of information not available for ths study was
an accurate characterization of
trapped sediment grain sizes. Assessment of
the ability of
the river to erode trapped material canot be completed until this information is
determed in some maner. Equally important is determining all uses of Klamath River

water downstream ofIron Gate Dam. With this information an assessment of the
feasibility of
the natural erosion approach can be conducted.
An alternative approach to attaining core samples from the reservoirs would be to
conduct an analysis using conservative estimates of the volume of sediment that is
comprised of
the larger grain sizes. This would determe an upper limit on the time for
sediment to move downstream and could be used to place an upper limit on potential
flooding issues downstream of Iron Gate Dam. It would not adequately address water
quality issues, however. Should high concentrations of
heavy metals be present in the
sediment, eroding them may have unacceptable impacts to water users.
List of Additional General

Information Required

.

Contamination at transformer sites - Sites may have had PCBs

.

Criteria for strcture removal - Are all strctues to be removed or can inert

strctues such as concrete remain?

.
.
.

Spoils site 10cations, preparation and mitigation required.
Road conditions, upgrades required.
Accurate details of the dimensions and constrction materials of the strctures

to be removed.

.
.
.

Type of materials used to constrct dams

Conditions of any diversion facilities used for construction or presently in use
Dimension, construction tye, and existence of upstream cofferdam used to

divert river during constrction of dam

(206) 547-4148
FAX 547-4052
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Investigation of

Removal of

Four Lower Klamath River Dams

Additional Informal Required For Individual Dams
J.C. Boyle
. Quantity of sediment in reservoir
. Availability tunnel used for original diversion for 10wering dam

. Exact dimensions and elevations of strctues
. Natue and tye of

materials used in dam constrction

. Site topography and access conditions at dam and powerhouse

Copco 1
. Dimensions and tye of materials for dam and appurenances
. Availability of tuel used for original diversion for lowering dam

. Exact dimensions and elevations of strctures

. Strength of dam concrete

Iron Gate

.

Capacity, dimensions, and elevation of outlet tuel

.

Volume and tye of material contained in dam strctue

.
.
.

Condition of roads to haul site

.
.

Dimensions of concrete in strctues to be removed

Existence, size, location, and composition of upstream diversion dam for

tuel

Mechanical nature, source 10cation, and volume of material in dam
Availability and operational condition of tuel used for original diversion

for lowerig dam

.

upstream cofferdam used to

Dimension, constrction tye, and existence of

divert river durng constrction of the dam

G&G Associates
(206) 547-4148
FAX 547-4052
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Investigation of

Removal of

Four Lower Klamath River Dams

Findings and Conclusions
An investigation of removal of the four lower Klamath River Dams was conducted for
American Rivers, Trout Unlimited, California Trout, Friends of the River, and the
Klamath River Intertbal Fish and Water Commission. The study was based on public
infoimation available to American Rivers and limited infoimation provided by
PacifiCorp. Additional infoimation is required to fully assess the approach for dam
removal and removal of trapped sediment in the reservoirs.
Review of dam characteristics indicates that removing the dams is feasible and that the
cost would be approximately $40 million based on assumptions stated in this report.
Dams would be removed using a combination of well-established blasting, excavating,
and hauling techniques. Removing the structures would require that river flow be
diverted away from the work site. Approximately 1.5 milion cubic yards of concrete,
rock and eart would need to be removed from the dam sites and relocated to spoils sites.

Several approaches for river diversion are possible. More infoimation is required to
deteimine the optimum approach for river diversion. The approach can affect costs of
dam removaL. Using a low-level controlled outlet would allow the most flexibility and
would presumably allow for the least cost for structue removaL.

A low-level outlet is availab1e at Iron Gate Dam. The sequence of dam removal
presented would be to remove upstream dams before removing Iron Gate Dam and allow
all trapped sediment to be eroded into Iron Gate reservoir. Using the low-level outlet at
Iron Gate would allow some control over the rate and timing of downstream releases of
sediment trapped in the reservoir. Approximately 14.4 million cubic yards of sediment
are trapped in the reservoirs of the four dams. Of ths, approximately 87% is fme
sediment, which is highly erodible.
To restore the river to approximately predam conditions the sediment would need to be
moved from its present location in the inundated river. Several methods are possible to
remove or relocate the sediment. Potentially, the least expensive option would be to

allow the river to simply erode the sediment downstream. The river flow appears to be
suffcient to quickly erode the trapped material and move it to the mouth of the river.
Additional sediment characteristic, water user information, strcture location, and fish
usage infoimation wil be needed before a full evaluation of the potential for and
associated cost of allowing the river to erode the sediment can be made. .

G&G Associates
(206) 547-4148
FAX 547-4052
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Investigation of

Removal of

Four Lower Klamath River Dams

Recommendations for Further Study
As stated above, more detailed infonnation wil be required to completely assess the
feasibility and cost of the proposed dam removal methods discussed. Furher studies

should include the following:

1. A study of all water use downstream of the dam wil be required to detennine
dam removal impacts to water users, regardless of the methods used to remove the
sediment. Using erosive stream power to move sediment downstream may be the
least expensive approach if concerns to water users can be adequately addressed.
Infonnation regarding downstream water use was not available for ths report.
As part of the study of water use, developing mitigation measures for impacts to
water users may be necessary.

2. A thorough investigation of existing infonnation regarding trapped sediment
should be conducted. It is possible that some infonnation on the chemical and

grain size characteristics, beyond sources cited in ths report, is available. If no
additional infonnation is available, some means will need to be developed to
bracket the potential affects of river erosion wil need to be developed.
This could include estimating the potential range of grain sizes and chemical
characteristics based on similar projects or in situ sediment sampling and analysis.

potential flooding risks will need to be conducted downstream ofIron
Gate Dam. This study should be in conjunction with and subsequent to
developing infonnation about trapped sediment. For this study to be meaningfu,
a review of all strctures that may potentially be affected by higher water
elevations related to dam removal must be conducted.

3. A study of

the removal approach for
sediment used. Removing the dams wil allow future sediment moved into the
river to travel past the sites. This sediment, which is curently trapped in the dam
reservoirs, wil have some impact on riverbed elevations.
Water level changes might be expected regardless of

4. More detailed Inonnation regarding strctures on the river should be conducted

to develop more accurate cost estimates for strcture removaL
potential spoils sites location should be conducted to detennine costs
for land acquisition, road improvements, environmental impacts to the sites, and
costs for transportation of material to the sites.

5. A review of

G&G Associates
(206) 547-4148
FAX 547-4052
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UM-1209/PacifiCorp
September 23,2005
Hoopa Valley Data Request 18

Hoopa Valley Data Request 18
Providecopies~of~alI...coITespondence;. includingmemorandumsofconversations~~~~~~.. ~

in which MEHC comnts to funding or financing the costs of implementing the
environmental conditions, including fishway prescriptions, related to the FERC
license.

Response to Hoopa Valley Data Request 18
There are no such documents.
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mbri lz(Qidahopo wer. co m

10wrey0ìoregoncub.org
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JOANNE M BUTLER
IDAHO POWER COMPANY
POB 70
BOISE ID 83707-0070

D KEVIN CARLSON - CONFIDENTIAL
DEPT OF JUSTICE - GENERAL COUNSEL DIVISION
1162 COURT ST NE
SALEM OR 97301-4096

íbutler(Qidahopower. com

d.carlson(cdoí .state.or. us

PHIL CARVER - CONFIDENTIAL
OREGON DEPARTMENT OF ENERGY
625 MARION ST NE STE 1
SALEM OR 97301-3742

RALPH CAVANAGH - CONFIDENTIAL
NATURAL RESOURCES DEFENSE COUNCIL
111 SUTTER ST FL 20
SAN FRANCISCO CA 94104
rcavanagh(cnrdc.org

philip .h.carver(Qstate.or. us

CONWAY
POB 2148
SALEM OR 97309-2148
BRYAN

JOHN CORBETT

bryan.conwa y(Qstate. or. us

YUROK TRIBE
POB 1027
KLAMATH CA 95548
i corbett(Qyuroktribe.nsn. us

JOAN COTE -- CONFIDENTIAL
OREGON ENERGY COORDINATORS ASSN
2585 STATE ST NE
SALEM OR 97301

CHRIS CREAN -- CONFIDENTIAL
MULTNOMAH COUNTY
501 SE HAWTHORNE, SUITE 500
PORTLAND OR 97214

cotej (Qmwvcaa.org

christopher. d. crean(Qco. multnomah.or. us

MELINDA J DAVISON - CONFIDENTIAL

MICHAEL EARL Y
ICNU
333 SW TAYLOR STE 400
PORTLAND OR 97204
mearly(Qicnu.org

DA VISON VAN CLEVE PC
333 SW TAYLOR, STE. 400
PORTLAND OR 97204
mail(cdvc1aw.com

JASON EISDORFER -- CONFIDENTIAL
CITIZENS' UTILITY BOARD OF OREGON
610 SW BROADWAY STE 308
PORTLAND OR 97205
i ason(Qoregoncub. org

ANN L FISHER
AF LEGAL & CONSULTING SERVICES
2005 SW 71ST AVE
PORTLAND OR 97225-3705
energlaw(maol.com

ANDREA FOGUE
LEAGUE OF OREGON CITIES
POB 928
1201 COURT ST NE STE 200
SALEM OR 97308
afogue(Qorcities.org

JOHN R GALE
IDAHO POWER COMPANY
POB 70
BOISE ID 83707-0070

BERNARDO R GARCIA
UTILITY WORKERS UNION OF AMERICA
215 A VENDIA DEL MAR, SUITE M
SAN CLEMENTE CA 92672
uwua(Qredhabanero. com

ANN ENGLISH GRA V A TT -- CONFIDENTIAL
RENEWABLE NORTHWEST PROJECT
917 SW OAK - STE 303
PORTLAND OR 97205

DAVID E HAMILTON
NORRIS & STEVENS
621 SW MORRSON ST STE 800
PORTLAND OR 97205-3825
davidh(cvnorrstev.com

NANCY HARPER
IBEW, LOCAL 125
17200 NE SACRAMENTO
GRESHAM OR 97230
nancy(cibew 125 .com
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rgale(cidahopo wer. com

ann(a),mp.org

JASON W JONES -- CONFIDENTIAL
DEP ARTMENT OF JUSTICE
REGULATED UTILITY & BUSINESS SECTION
1162 COURT ST NE
SALEM OR 97301-4096

ANDREA L KELLY
P ACIFICORP

825 NE MULTNOMAH ST STE 800
PORTLAND OR 97232
andrea.kell y(apacificorp. com

iason. w. jones(wstate.or. us

BARTON L KLINE -- CONFIDENTIAL
IDAHO POWER COMPANY
POB 70
BOISE ID 83707-0070

KAITLIN LOVELL -- CONFIDENTIAL
TROUT UNLIMITED
213 SW ASH ST, SUITE 205
PORTLAND OR 97204

bkline(cidahopower. com

klovell(cvtu.org

KATHERINE A MCDOWELL - CONFIDENTIAL

DANIEL WMEEK
DANIEL W MEEK ATTORNEY AT LAW

STOEL RIVES LLP
900 SW FIFTH AVE STE 1600
PORTLAND OR 97204-1268
kamcdowell(a)s toe!. com

WILLIAM MILLER - CONFIDENTIAL
IBEW, LOCAL 125
17200 NE SACRAMENTO
GRESHAM OR 97230
bil(cibew 125 .com

CHRISTY MONSON
LEAGUE OF OREGON CITIES
1201 COURT ST. NE STE. 200
SALEM OR 97301
cmonsoll(Qorcitìes.org

10949 SW 4TH AVE
PORTLAND OR 97219
dall(Qmeek.llet

MARK C MOENCH
MIDAMERICAN ENERGY HOLDINGS CO
2755 E COTTONWOOD P ARKW A Y, STE 300

SALT LAKE CITY UT 84171-0400
mcmoench(Qmidamerican.com
BARBARA LEE NORMAN
KARUK TRIBE OF CALIFORNIA
POB 657
YREKA OR 96097
biiormaii(ckaruk. us

MICHAEL W ORCUTT
HOOPA VALLEY TRIBE FISHERIES DEPT
POB 417
HOOPA CA 95546

333 SW TAYLOR, STE 400
PORTLAND OR 97204

director(Qpcweb. net

mwp(cù,dvc1aw.com

JANET L PREWITT -- CONFIDENTIAL
DEPARTMENT OF JUSTICE
1162 COURT ST NE
SALEM OR 97301-4096

MATTHEW W PERKINS - CONFIDENTIAL
DA VISON V AN CLEVE PC

janet.prewitt(a)doi .state.or.us

LISA F RACKNER -- CONFIDENTIAL
A TER WYNE LLP
222 SW COLUMBIA ST STE 1800
PORTLAND OR 97201-6618
lf(matenvvnne.com

STEVE ROTHERT -- CONFIDENTIAL
AMERICAN RIVERS
409 SPRIG ST, SUITE D
NEVADA CITY CA 95959
srothert(Qamericanrivers.org

GREGORY W SAID
IDAHO POWER COMPANY
POB 70
BOISE ID 83707
gsaid(Qidahopower. com

LINA K WILLIAMS
KAFOURY & MCDOUGAL
10266 SW LANCASTER RD
PORTLAND OR 97219-6305
I ìiida(clinda wi 1 Iiams. net
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GLEN H SPAIN -- CONFIDENTIAL
PCFF A

POB 11170
EUGENE OR 97440-3370
fish

1 ìfr(ãJao!.com

JOHN W STEPHENS -- CONFIDENTIAL
ESLER STEPHENS & BUCKLEY
888 SW FIFTH AVE STE 700
PORTLAND OR 97204-2021
stephens(Qeslerstephells. com

MARK THOMPSON
PUBLIC POWER COUNCIL
1500 NE IRVING STREET, SUITE 200
PORTLAND OR 97232
mthompson(Qppcpdx.org

DOUGLAS C TINGEY
PORTLAND GENERAL ELECTRIC
121 SW SALMON lWTC13
PORTLAND OR 97204

SANDI R TRIPP
KARUK TRIBE DEPT. OF NATURAL RESOURCES
POB 1016
HAPPY CAMP CA 95546
stripp(ckaruk. us

doug. tingey(cùJJgn. com

SARAH WALLACE -- CONFIDENTIAL
A TER WYNE LLP
222 SW COLUMBIA STE 1800
PORTLAND OR 97201-6618
sek(Qaterwyne.com

MICHAEL T WEIRICH -- CONFIDENTIAL
DEPARTMENT OF JUSTICE
REGULA TED UTILITY & BUSINESS SECTION
1162 COURT ST NE
SALEM OR 97301-4096

BENJAMIN WALTERS -- CONFIDENTIAL
CITY OF PORTAND - OFFICE OF CITY ATTORNEY
1221 SW 4TH AVE - RM 430
PORTLAND OR 97204
bwaIters(âki. pOliland. or. us

STEVEN WEISS
NORTHWEST ENERGY COALITION
4422 OREGON TRAIL CT NE
SALEM OR 97305
weiss.steve(Qcomcast. net

michae!. weirich(Qstate.or. us

PETER J RICHARDSON
RICHARDSON & O'LEARY
POB 7218
BOISE ID 83707
peter(cvrichardsonandoleary. com

PAUL WOODIN
WESTERN WIND POWER
282 LARGENT LN
GOLDENDALE WA 98620-3519
pwoodìn(cù,gorge.net

(Notice wil not be electronically mailed, but mailed First-Class to):
EDWARD BARTELL - KOPWUI
30474 SPRAGUE RIVER ROAD
SPRAGUE RIVER OR 97639

I declare the above to be true and correct under penalty of perjury. Executed November 23,
2005, at Seattle, Washington.

N ~~ C1f(ÌôV to
Nina Cordova
T: I WPDOCSI002010977 3lMidAmerieanPUC\Franklin TeSt imony AmcndcdCOS. doc
nme: 11/23/05
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