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JUN 26 197!

Honorable Jennings Randolph
Chairman, Committee on Environmental

and Public Works
United States Senate
Washington, D. C. 20510

Dear Mr. Chairman:

I am transmitting herewith a favorable report dated 8 February 1977,
from the Chief of Engineers, Department of the Army, on Southcentral
Railbelt Area, Alaska, (Hydroelectric Power),-Upper SusitnaRiver Basin,
together with a supplement and its associated correspondence dated
February 1979. The report and the supplement have been prepared-in
partial response to a resolution of the Committee on Public Works,
United States Senate, adopted 18 January 1972.

The views of the Governor of Alaska, the Departments' of the Interior,
Commerce, and Health, Education, and Welfare, the Environmental Protection
Agency, and the Federal Power Commission are set forth in the inclosed
communications, together with the replies of the Chief of Engineers to
the State and Federal agencies. The Departments of Agriculture and
Transportation did not comment. The environmental statement required by
the National Environmental Policy Act of 1969 has been submitted to the
Environmental Protection Agency.

Section 160 of the Water Resources Development Act of 1976 authorizes
the Secr~tary of the Army, acting through the Chief of Engineers, to
undertake the Phase I design memorandum stage of advance engineering and
design for this project in accordance with the recommendations of the
Board of Engineers fo~ Rivers and Harbors in its report dated 24 June 1976.
Section 160 further states that this authorization shall take effect upon
submittal to the Secretary of the Army by the Chief of Engineers and
notification to Congress of the approval of the Chief of Engineers. This
report, together with its supplement, constitutes my notification to the
Congress of the approval of the Chief of Engineers and fulfillment of the
conditions of Section 160.
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The President, in his June, 1978 water policy message to Congress
proposed several changes in cost sharing for water resources projects
to allow states to participate more actively in project imPlementation
decisions. These changes include a cash contribution from benefiting
states of 5 percent of construction (first) costs associated with
nonvendible outputs and 10 percent of costs associated with vendible
outputs. Modification of the project cost sharing will be addressed
during Phase I planning and in recommendations for authorization of
construction.

The Office of Management and Budget advises there is no objection
to the submission of the report and supplement to the Congress from the
standpoint of the President's water policy; however, it advises that no
commitment can be made at this time as to when appropriations would be
requested for the project since this would be subject to review in the
President's annual budget process. A copy of the letter from the Office
of Management and Budget is enclosed.

Sincerely,

1 Encl (3 Vols)
As stated

;/t~L~
Michae1 Blunienfeld

Assistant Secretary of the Army
(Civil Works)
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COMMENTS OF THE OFFICE OF MANAGEMENT AND BUDGET

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET

WASHINGTON, D.C. 20503

June 25, 1979
.J

Honorable Clifford Alexander
Secretary of the Army
Washington, ,D.C. 20310

Dear Mr. Secretary:

Assistant Secretary Michael Blumenfeld's letter of May 29, 1979, submitted
a Supplemental Feasibility Report presenting the results of additional
studies. of the Susitna project, supplementing data contained in the
report of the Chief of Engineers on Southcentral Railbelt Area, Upper
Susitna River Basin, Alaska.

There is no objection to the transmission of these reports to the
Congress from the standpoint of the President's water policy. No
commitment, however, can be made at this time as tb when appropriations
would be requested for the project since this would be subject to
review in the President's annual budget process.

/-
S' .ce,:r;e.J.¥.--/J

ot R. Cutler
Associate Director for

Natural Resources;
Energy and Science
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,LETIER TO THE ,OFFICE OF MANAGEMENT AND BUDGET

DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY

WASHINGTON, D.C. 20310

Mr. Eliot R. Cutler
Associate Director for Natural

Resources, Energy and Science
Office of Management and Budget
Washington, D.C. 20503

Dear Mr. Cutler:

Reference is made to your letter of 9 September 1977 wherein you
indicated that further data were needed to verify the benefit-cost status
before the Susitna project proceeds to Phase I planning.

During 1978, the Corps performed additional geological explorations,
engineering and environmental resource studies, and economic analyses to
address the concerns expressed in your letter. Attached, in duplicate,
is a Supplemental Feasibility Report which presents the results of these
additional studies.

The report consists of three documents, a main report that responds
specifically to the comments and suggestions made by your staff and a two
part supporting appendix comprised of Sections A through I which corres
pond directly to the sections of Appendix 1 of the 1976 Interim Feasibility
Report currently being held in your office. This lupplementalFeasibility
Report is not designed as a comprehensive document; rather, it is limited
to changes in the original report and new information pertinent to your
comments. Based on this additional information, project costs and benefits
have been updated to October 1978 price' levels using the current interest
rate of 6-7/8 percent. On this basis, the benefit-cost ratio is 1.4.

The results, I believe, verify the engineering, economic, and environ
mental viability of the project •. Although not explained in the report,
OBERS projections were not used because they do not reflect actual growth
rates. For example, Series E population projections for 1980 and 1990
were exceeded by 24% and 5% respectively in 1976.

Upon completion of your review, I propose to include in my transmittal
of the Interim Feasibility Report this Supplemental Feasibility Report and
its associated correspondence. Transmittal to Congress will satisfy the
conditional Phase I authorization contained in Section 160 of the 1976
Water Resources Development Act.

Enclosure (dup)
Supplemental Report
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'. ,COMMENTS OF THE OFFICE OF MANAGEMENT AND BUDGET

EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT AND BUDGET

WASHINGT9N. D.C. 20503

September 9, 1977

Honorable Clifford Alexander
Secretary of the Army
Washington,D. C. 20310

Dear Mr. Secretary:

Acting Assistant Secretary Charles R. Ford's letter of
May 13, 1977, requested advice as to the relationship
of the Report of the Chief of Engineers on South-central
Railbelt Area, Alaska, Upper SusitnaRiver Basin, to
the program of the President.

We have reviewed the Susitna project in considerable
detail with staf£ of the 'Corps of Engineers and have
identified several areas where we strongly believe
further information is needed to verify the benefit-cost
status before·the project proceeds to Phase I planning.

These areas involve: contingency factors; area re
development benefits; power supply and demand assumptions;
and test borings at the Watana site in accordance with
standard Corps practice. We have asked the Corps to
initiate the gathering of the economic data, together
with the test borings, as part of the f~asibility study.
We believe this additional work could be completed over
a l5-month period at a cost of approximately $3M.

The enclosure to this letter provides additional detail
on needs prior to the initiation of Phase I;

s;;:;rrLfL
E~t. Cutler

. Assoc'iate Director for
Natural Resources,
Energy and Science

Enclosure .xi



Enclosure

SusitnaProJect,. ,Alaska

There are anum~erofareaswhere additional information
on the SusitnaPioJectis needed to: provide an .adequate
basis for assessing its: engineering and economic £easibility..
These 'areas ·areas follows·: .

1) . Watana.site .geology and .te:st~orings

The: cost estimates for Watana have been derived
without :benefitof any. test borings :atthe Watana
Site. This is a departure from standard Corps·
practice, whichcallsforexploratory. drilling ·at
all sites before proJe.cts are proposed forauthoriza
tion. Test borings would provide more reliable
data on which to· base:costestimates 'and on which·

. to· assess any potential seismic problems. The
Watana Site is located near the Susitna fault and
also within 50 miles ·ofthe Denali fault - an area
where major earthquakes. have occurred in the past.

2) COntingency Estimates

A standard 20% .contingency factor was use!! in
arrivingatcost.estimates. A co.ntingency of 30%
could result in reducing the benefit'cost ratio to, 1.
A larger ,contingency. factor could reduce the· ratio

. below unity.. The recently comple.ted Snettisham
proJect in Alaska cost 36% more than original
es'timates, after correction for inflation.

A rev'iewofthe ZO%'contingency factor should be
undertaken, in light.of thebes'texistingin
formation on comparable proJects and proje.ct
locations ..

3} . Area Redevelbpmeilt Benefits

These benefits are acor,rection for the use of
othe'rwise unemployed labor during construction.
Though standard pro.cedurespermitthis benefit .
ca.tergory. for power· proJects, .i twou.ld seemthat
such benefits should not be accepted in the
Susitna Re,portbecauseprivate development for
power purposes would produce equivalent benefits.

An .evaluationof the' validity. of the use of ARA
benefitsin.theSusitna Report should be made.

xii



· 4) . Construction· Schedule

The .11 year construction schedule for the Watana
project.,: hasedon preliminary inspection of comparahle
projects.,. appears to: .heon the short side. A longer
schedule of 14 .yearsappears more reasonahle hecause
of (1) normal slippages and (2) a three year peak
construction schedule that calls for more work to

·.hef ·put in place on a single site than the Gorps has
ever accomplished in similar time periods. This
should he reexamined and its effects ontheproje.ct
B/C ratio calculated.

5) . Supply Estimates

The analysis of the without project condition needs
.to he expanded considerahly to: clearly analyze the··

following:

1. Why', with ·natural gasprojec.ted to be in
such short supply", the Ancho·rage utilities
have only contracted for 55% of proved re
ser'vesor. 25% of estimated ul timatereserves.

2. The sensitivity. of the analysis to. the
collapse of OPEC and the cost of shipping
oil to: the East Coast . .

3. The necessity for an Anchorage-Fairhanks
intertieat a cost ·of $200-300 M.

4. Scheduling of power-plants and the reduced
risk of bUilding small increments.

6) Demand Estimates

The analysis of load growth should he more specific
withrespe.ct .to: .

1. Increasing use hy consumers; and,

2. Increasing numher of consumers.

3. Industrial grow.th, i.e., where does Alaska IS

comparative advantage lie outside the area
of raw materials and: 'government functions?

xiii



7) SensitiVity Analysis

Power demand should be subJected to a .sensitivity
analysis to better assess the uncertainties in de
velopmentof such a large block of power. The
typical utility invests on the basis of an 8-1 0
year time horizon. The Susitna plan has an 11-16
year horizon in face of risks that loads may not
develop and the option of wheeling power to other
markets is not available. It should be noted .tha t
the power demand for Snettisham was unduly optimistic
when it was built. This resulted in delays in in
stalling generators. A similar error in a project
the size· of Susitna would be much more costly and
would have a major adver.se effect on ·the project's
economics.
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:COMMENTS OF THE GOVERNOR OF ALASKA
. . .. _~__ •....... I

.JAY S. HAMMOND
GOVERNOR

STAT.E OF' ALASKA

OFFICE OF THE GOVERNOR

JUNEAU

November 17, 1976

Lt. General J. W. Morris
Chief of Engineers
Department of the Army

. Washington, D.C. 20314

Dear Lt. General Morris:

Reference is made to your letter of July 9, 1976, informing me that a
copy of your proposed Southcentral Railbe1t Area, Alaska, Upper Susitna
River Basin, Interim Hydroelectric Power Feasibility Report had been
submitted to the Director, Division of Water and Harbors, for review and
comment prior to transmission of the report to Congress. Subsequent to
this action, coordination has been maintained with the Alaska District
Engineer who has provided additional information defining the range and
type of studies endorsed in your report.

I concur in the recommendation by the Board of Engineers report that
further study effort is needed for a project of this magnitude. I agree
that additional detailed studies, including those addressed by my task
force, will be required to determine the significant impacts associated
with the magnitude and complexity of the project. Our task force
recommendations' will be supplied to the District Engineer.

The information obtained from the District Engineer concerning studies
proposed in the next stage coincides well with the environmental, .socio-·
econ.omic and technical 'studies identified by the State Task Force during

. .
review of the Draft Environmental Impact Statement. As these detailed
studies are addressed, coordination should be maintained with the State's
designee to as~ure that assessments are answering those points raised in
the task force report and to insure that the i~formation developed will
be adequate on which to base future State recommendations.

Thank you
comments.



.. COMMENTS OF THE DEPARTMENT OF THE INTERIOR

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

PEP ER-76/692 29 October 1976

Dear General Morris:

Your letter of July 9, 1976, transmitted your proposed report
and revised draft environmental impact statement on Hydro
electric Power Development in the Upper Susitna River Basin,
Alaska. Your letter requested the comments and recommenda
tions of this Department on the report and comments on the
draft environmental impact statement. We are pleased to
respond with the views and comments as set forth in the body
of this letter.

Chief of Engineers 'Report

We have no objection to your recommendation for authorization
of the phase I design memorandum stage of advanced engineering
and design for the proj ect. We agree that. additional detailed
studies will be required to determine the potential impacts
of a project of this magnitude and complexity on the Alaskan
environment and economy. The wilderness characteristics of
this remote area with its fish, wildlife, and recreational
resources will have to be fully investigated prior to con
sideration of authorization for project construction.

Many of the necessary stUdies will involve this Department by
tradition, expertise, and legal responsibility. We would
expect to work closely with you in determining the scope of
project studies to be undertaken and in developing a schedule
and bUdget to. support this work.

Areas of specific concern include evaluation of impacts on
fish, wildlife, and recreational resources, including impacts
on whitewater boating; land management; mineral resources; and
the Department's responsibilities with respect to transmitting
ahd marketing power from Corps of Engineers' projects.

The report of the Fish and Wildlife Service makes several
specific recommendations which we believe. should be adopted
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as part of th£,phase I planning effort. Among other things,
the Fish and Wildlife Service recommerids thatthepreserva
tion, propagation, and managemerit of fish. and wildlife
resources be among the purposes for which. the 'project will
be authorized for construction. We believe that phase I
work should include detailed studies of the fish and wildlife
resources of the project area and potential project effects
on these resources. We direct your attention to coordinated
studies recommended in November 20 and December 15, 1975,
letters from the Area Director, Fish and Wildlife Service,
to the District Engineer and to a November 18, 1975, report
entitled, "Biological Study Proposals Relating to Hydroelectric
Development of the Upper Susitna River' Basin il prepared by the
Alaska Department of Fish and Game.

The Fish and Wildlife Service provided funding estimates in
those letters for the detailed fish and wildlife studies '
covering a five-year study period. We understand that the
phase I study period may cover only three years; consequently,
the fish and wildlife studies would have to be condensed into
the three-year period. This would not affect budget require
ments. The recommended studies reflect concerns that the
baseline hydrology arid fishery data are inadequate to predict
even primary proj ect ,impacts.

Range and effects of turbidity and temperature changes are
speculative, as is the extent of dewatering of sloughs. The
proposed fish, and wildlife studies would be aimed at a de
tailed understanding of these project impacts and the formu
lation of measures'to mitigate or compensate for fish and
wildlife losses. It is notapparerit from your proposed
report or from the Conference Report on S.3823; the Water
Resources Development Act of 1976, whether the recommended
fish and wildlife studies are to be included in the phase I
funding. We strongly recommend that the proposed fish and
wildlife studies be recommended in your final report for
funding and implementation.

We recommend that the detailed location studies of facilities
and power transmission lines include clarification of land
status and consultations with land managing eritities. We
urge close coordination with the State Director, Bureau of
Land Management, 555 Cordova Street, Anchorage, Alaska 99501.
This office can assist you in such complex areas as right-of
way permits and compliance with the Alaska Native Claims
Settlement Act.

xvii
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Essentially all project costs would be allocated to power
purposes to be repaid, with interest, from revenues from
power and energy sales. The criteria for repayment are
somewhat different than the criteria for economic evaluation
with respect to period for analysis and interest rates. This
is reflected in the marketability analysis furnished by the
Alaska Power Administration (letter of December 10, 1975).

From the viewpoint of the Interior Department responsibilities
for transmitting and marketing power under Section 5 of the
1944 Flood Control Act, the project as proposed in the Dis
trict Engineer's report appears to be a feasible undertaking.
However, this finding must be qualified to the extent-that
any substantial changes in the plan may adversely affect
project feasibility.

In some study areas we cannot fUlly agree that the available
data and studies are not adequate for the purpose of seeking
an authorization to construct. We believe the finding ignores
a large portion of the data in the studies relevant to Susitna
Basin that have been compiled over a period of more than
20 years since the project was first given serious considera
tion. To the extent that these data are applicable and sound,
they should be utilized._

We recognize that the project would involve a very large in
vestment. However, the indicated costs do not appear out of
line with other power alternatives available to the State and
the Nation. The indicated costs appear quite favorable in
comparison with current experience with large coal-fired or
nuclear power plants and substantially lower than expected
costs for more exotic future altern?tives.

We obtained from the District Engineer, Alaska, an indication
that the phase I studies would probably require approximately
three years and would cover the full range of data and studies
concerning environmental, -socio-economic, and engineering
studies. The District Engineer also advised that the phase I
studies would not include constructing a road to the Watana
damsite, but that a pioneer road to Watana would likely be
included in the advanced engineering and design studies (Section
l(b) provisions}. This point concerns us since Section l(b)
specifically excludes construction and land acquisition. It
appears that this should be resolved in your final report even
though the Conference Report on S.3823 did not adopt the
Section l(b) recommendation.
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We believe the data from the marketability analysis should
be included in your report to Congress since that analysis
is directly relevant to impact of the proposed project on
power system rates, revenue requirements, and costs to the
consumer.

Your report notes that the power is to be marketed by the
Alaska Power Administration of the Interior Department and
the District Engineer"s report makes the recommendation that
the marketing agency also operate and maintain the project.
These provisions are consistent with the March 14, 1962,
Memorandum of Agreement, between our two departments con
cerning water development in Alaska, the Columbia River Basin,
and the Missouri River Basin. '

Technical' App'endixes

There are two changes in the technical appendixes furnished
by the Alaska Power Administration. Appendix I , Part, 2,
Page G-90, revise the last sentence to read: "They indicated
that on the basis of normal utility requirements, an intertie
to Glennallen could probably not be justified until after 1990,
thus a line to Glennallen is not included in the plans and
costs for the initial development proposal."

Appendix I, Part 2, Page H-39, last ,paragraph, delete sentence:
"Thermal constraints necessitate larger conductors with larger
kV systems." The conductor size needed to meet current '
carrying capacity is generally smaller than the conductor
size needed to reduce interference (TVI, RI, audible noise) .to.
acceptable levels, This interference is a result of corona
which is a function of voltage level and conductor diameter.

PageH-44, Table 8. A total figure for losses for each plan
should be given.

We have some questions on Appendix I, Part 1, principally
concerning the Corps ' modification of the Bure.au of Reclamation's
feasibility design for the Devil Canyon Dam. 'The questions are
of a technical nature and are being discussed with the District
Engineer. We will furnish supplementary comments after these
discussions are completed. '

xix



General Conime"rits

We suggest the statement be revised to show that the proposed
Federal action is authorization and implementation of the
phase I design memorandum work. A brief description of the
work contemplated under this action should be included.

The revised draft statement appears to include essentially
all items that would actually be impacted by the hydroelectric
project and the transmission lines. Thus it appears adequate
for the purposes of phase I studies even though data is
lacking to make detailed analyses of impacts.

We note that previous comments by several Interior Department
bureaus are acknowledged in the Revised Draft Statement, and
that the indication of Corps commitments made in response to
the comments should somewhat mitigate potential adverse impacts.

Detailed Conimehts

Summary page, paragraph 3(a). The paragraph should refer to
the capacity and number· of powerplants involved.

Page 7, Section 1. 03 .. Descri~tion· ·o·f Action. Along with
statements about ongoing studles and studies that will be
conducted during the preconstruction planning stage, a state
ment should be included to the effect that minerals assess
ment surveys will also be conducted during preconstruction
planning stage. This same statement should be included in
the final Chief of Engineers' report before transmittal to
Congress for funding of the necessary studies. Mineral re
sources should be given the same treatment as other resources
present in the proposed project area.

Page 43, 3.01. Since title to Native corporations or the
State of Alaska has not been issued to land at this date along
the proposed transmission corridor, the status remains un
settled. The final statement should indicate coordination
with the BLM State office in this matter.

Page 43, 3.02. The land status here remains unclear since
the proposed exchanges have not been fully implemented or
concurred by all parties . Development impacts. on adjacent
lands cannot be assessed until ownership is finally deter
mined. The State and Native corporations could have different
development philosophies.
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Page 50, paragraph 2. There is an important apparent con
tradiction between the feasibility report and the draft
statement concerning winter flows. Page 67, paragraph 5 of
the report states that the river will channelize into a
single deep watercourse between Devil Canyon dam and Talkeetna
in winter; page 50, paragraph 2 of the draft states that
higher winter flows may increase egg survival in the sloughs.
We believe there is a good chance that if the river does form
a single deep channel in winter, the sloughs may drain into
it and markedly reduce egg survival. This possibility should
be treated at length in the final statement.

The regulated flows will have the additional adverse effect
of limiting natural streambank and bar erosion and deposition
downstream from the dam. These natural processes presently
create large areas of floodplain willow and alder and support
sizeaple numbers of moose. Regulated flows will reduce the
extent of disturbed area and consequently the amount of flood
plain habitat and the number of moose supported by it.

In view of these serious problems, the release regime for the
dam will have to maintain the integrity of present aquatic
and floodplain habitat. Regulation of flow as proposed in
the draft statement may therefore not be possible.

Pages 67-70, Section 5.0. The section does not describe any
impacts from powerplants and switchyards. The statement should
discuss these impacts or lack of impacts as applicable.

Summary

The Department of the Interior concurs in the Army recommenda
tion and recent Congressional action calling for authorization
of the phase I design memorandum stage of advanced engineering
and design including necessary detailed environmental studies,
sUbject to the comments stated above. With above noted excep
tions, we further believe the revised draft environmental
impact statement is generally adequate for its purpose.

~~ty 1~s1stan~

Lt. General J. W. Morris
Chief of Engineers
Department of the Army
Washington, D. C. 2031~

xxi
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Honorable Cecil D. Andrus
Secretary of the Interior
Washington, D. C. 20240

Dear Mr. Secretary:

This is in reply to the 29 October 1976 letter from the Deputy Assistant
Secretary of the Interior Doremus, providing the views of" your Department
on my proposed report and revised draft environmental impact statement
on Hydroelectric Power Development in the Upper Susitna River Basin, Alaska.

Section 160 of the Water Resources Development Act of 1976 (Public Law 94~587,

dated 22 October 1976) authorizes the Secretary of the Army, acting through
the Chief of Engineers, to undertake the Phase I stage of advanced engineer
ing and design for this project. The Plan of Study for the phase I effort
will be fully coordinated with the Fish and Wildlife Service and other
Federal and State agencies to insure that all needed studies to fully deter
mine the effects of the project are included. I believe the.environmental
portion of the studies should be and will.be based largely on those recommended
by the Fish and Wildlife Service, the Alaska Department of Fish and Game, and
the Governor's Task Force. During the phase I studies we will work closely
with these agencies, many of whom we may contract ~ith to do the actual work.

With respect to adding fish and wildlife as a project purpose, the Water
Resources Council's Principles and Standards for Planning Water and Related
Land Resources indicate that Federal agencies with water resources development
responsibilities may add fish and wildlife as a project purpose where enhance
ment to these resources occurs incidentally or deliberately from the project.
In the case of this project, no enhancement of fish and wildlife is creditable
to the project and no benefits are claimed or assigned to this function.
Therefore, I have no basis for inclu~ing fish and wildlife as a project purpose.

The status of land within the limits of the alternative transmission corridors
is presently unsettled and existing jurisdictions are subject to change as
determinations are made for ultimate land disposal. The Bureau of Land
Management Office was kept informed of potential real estate requirements
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throughout the feasibility study phase. These efforts will be intensified
during further studies, not only with Bureau of Land Management, but also
with the State, native organizations, and individuals.

I recognize the concern that construction of an access road to the project
area to accomplish the phase I studies will unnecessarily open up a here
tofore wilderness area should the project not be constructed. I share
this concern. An access road will not be necessary to conduct the phase I
studies. Access will be gained by the most economic means which could include
existing pioneer roads, helicopter, fixed-wing aircraft, and winter-time land
routes using all terrain vehicles.

The technical appendixes furnished by the Alaska Power Administration were
printed from originals as provided. The changes requested can be incorporated
in reports subsequently distributed upon receipt of revised original pages.

Your comments on the revised draft environmental statement and our responses
to your concerns have been incorporated into the final statement for this
project.· Copies of this statement will be furnished you at the time it is
filed with the Council on Environmental Quality.

I look forward to your continued assistance during the Phase I design
memorandum studies. Results of these studies will be incorporated in supple
mental environmental statements to the final statement and will be coordinated
with those agencies, groups and individuals concerned with this project.

Your letter, together with a copy of this reply, will accompany my report when
it is submitted to the Congress.

Sincerely,

~"U'
R. C. MARSHALL
Major General, USA
Acting Chief of Engineers
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COMMENTS OF THE DEPARTMENT OF COMMERCE

UNITED STATES DEPARTMENT OF COMMERCE
The Assistant Secretary fDr PDlicy
Washington, D.C. 20230

30{ September 1976

Lieutenant General.John W. Morris
Chief of Engineers
Office of Chief of Engineers
Washington, D.C. 20314

Dear General Morris:

Secretary Richardson has asked me to reply for the
Department of Commerce concerning your proposed Interim
Feasibility Report, Southcentral Railbelt Area, Alaska,
(Hydroelectric Power) Upper Susitna River Basin, which you
sent to the Secretary on JUly 9, 1976.

During the course of our review, some technical
questions were raised concerning the Corps of Engineers'
methodology used in the determination of the benefit-cost
ratio. Therefore, I have asked my staff to contact your
planning staff in the very near future so as to obtain
clarification. I am enclosing comments from the Maritime
Administration and the National Marine Fisheries Service.
The Maritime Administration notes some benefits that the
building of the proposed hydroelectric facilities could
have on the Southcentral Railbelt Area. I recommend that
these benefits and the logistics associated with them be
specifically addressed in the more detailed studies that
you have recommended. The National Marine Fisheries
Service comments are technical ones; thus, I recommend that
they be included in their referenced paragraphs.

Thank you for the opportunity to make these comments.

Enclosure

Sincerely,

~
Robert S. Milliga
Deputy Assistant ecr tary

for Policy Develo
and Coordination
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Department of Commerce Comments on
Interim Feasibility Report, SouthcentralRailbelt Area,

Hydroelectric Power, Alaska

Maritime Administration

Office of.Port and Intermodal Development

Considering the size and estimated total cost of the
proposed improvements there would be considerable economic
and environmental impact on the study area. The ports that
serve the study area should benefit by increased shipments
of building materials, supplies, and equipment during the
construction phases. Therefore, we can discern no adverse
effects economically with respect to the maritime interests
associated with the selected plan of a two-dam development
on the Upper Susitna River. Other beneficial effects for
the port and transportation elements would include added
flood control measures for the protection of the Alaska
Railroad, including the entire railbelt area extending from
the deepwater ports of Seward and Whittier through Anchorage
and Fairbanks.

National Oceanic and Atmospheric Administration

National Marine Fisheries Service

Page 67, paragraph one -- Warmer water temperature
regimes during winter months could affect the degree-day
requirements of developing North Pacific salmon eggs
(chinook, chum, sockeye and pink salmon). This could result
in fry emerging from the substrate earlier, at a time when
food suppiy is not available or during a period of adverse
environmental conditions.

Page 67, paragraph two -- Lower than normal water
levels could dewater sloughs utilized as spawning and
rearing areas by the above mentioned a~adromous fishes.
Dewatering could reduce water flows with~esultantmortality
of eggs and prevent adult salmon from gaining access to
spawning areas. .
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Page 67, paragraph five and page 69, paragraph six
Loss of spawn~ng and rearing areas utilized byanadromous
fishes could result from channel degradations, especially
if the river channelizes into a single deep watercourse
during winter months. This could result in reduction in
intragravel flows due to a lowering of groundwater head.
This could seriously affect the mortality rate of developing
eggs and alevins buried in the substrate.

Page 68, paragraph five ~- The studies conducted by
the Alaska Department of Fish and Game in 1974 and 1975
were funded by the National Marine Fisheries Service.
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COMMENTS OFTHE DEPARTMENT OF COMMERCE

UNITED STATES DEPARTMENT OF COMMERCE
The Assistant Secretary for Science and Technology
Washington. D.C. 20230

October 4, 1976

Lieutenant General J. W. Morris
Office of the Chief of Engineers
Department of the Army
Washington, D. C. 20314

Dear General Morris:

This is in reference to your revised draft environmental
impact statement entitled "Upper Susitna River Basin,
Southcentral Railbelt Area, Alaska." The enclosed comments
from the National Oceanic and Atmospheric Administration
are forwarded for your consideraticn.

Thank you for giving us an. opportunity to provide these
comments, which we hope will be of assistance to you. We
would appreciate receiving eight copies of the final
statement.

Sincerely,

d~l[?g~
Deputy Assistant Secretary
for Environmental Affairs

Enclosure: Memo from Mr. Harry L. Rietze
Director, Alaska Region

xxvii



U.S. DEPARTMEMF COMMERCE
NDtianDI OCDDnic and Atma.ph.ric Admlni.trotian

- NationaZ Ma:t'ine Fisheries Serviae
P. O. Box 1668. Juneau. AZaska 99802

xxviii

Comments

FAK21/JBSeptember 15, 1976

5.0 Environmental Effects Which Cannot Be Avoided
Page 67, paragraph 3

Elevated water temperatures during the first few weeks of
development of salmon eggs can create abnormalities and

.
4.0 Environmental Impacts of the Proposed Action

This section made several references to changes in various
parameters of water quality and fish habitat. However, the
problem of streambed erosion and channel change and its effect
on fish spawning and rearing habitat in the Susitna River
system should be discussed in greater detail.

We believe that if the channel pattern changes from a braided
stream pattern to a single, drep or incised watercourse during
winter months, as indicated, there·coul& be a significant
reduction of groundwater head with resultant dewatering of
sloughs used as spawning and rearing areas. Of twenty-eight
sloughs identified in 1974 and 1975, at least 22 were utilized
by salmon for spawning and/or rearing areas. 2 Reduction of
intra-gravel flows could seriously affect mortality of eggs
and alevins.

DATE:

TO: EE, Office of Ecology and Environmental Conservation

n ~-3 (. ~\L,-~~-S p 2 9 1976 -
THRU: ~ F3, Associate Director ~r Resource Management

\:vD 0\cta~~
FROM: j ,~~y L. Rietze

(St!> I Director, Alaska Region

SUBJECT: Review of Revised DEIS #7607.37, Hydroelectric Power Development,
Upper Susitna River Basin, Southcentral Railbelt Area,
Alaska-Corps of Engineers

The revised draft environmental impact statement for Hydroelectric
Power Development, Upper Susitna River Basin, Southcentral Railbelt
Area, Alaska, that accompanied your memorandum of July 21,1976, has
been received by the National Marine Fisheries Service and we offer
the following comments.



increased DXJrtality.3 Higher than nonnal temperature regimes
can also affect the degree-day requirements of developing eggs
and fry so that earlier emergence from the substrate can occur.
This could take place at a time when food sources are not
available or during a period of adverse environmental conditions.
Both could affect survival of fry. We believe that the DEIS should
address these effects.

1 Hydroelectric Power Deve10pnent, Upper Susitna River Basin,
Southcentral Rai1belt Area, Alaska Corps of Engineers,
Interim Feasibility Report, page 67, paragraph 5.

2 Preauthorization Assessment of AnadroDXJus Fish Population
of Upper Susitna River Watershed in the Vicinity of the
Proposed Devil Canyon Hydroelectric Proj ect. Alaska Department
of Fish and Game, 1975.

3 The Low-Temperature Threshold for Pink SalDDn Eggs in
Relation to a Proposed Hydroelectric Installation. Bailey,
Jack E., and Evans, Dale R., Fishery Bulletin: Vol. 69,
No.3, 1971.

xxix



LEITER TO THE SECRETARY OF COMMERCE

DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS

WASHlNGTON•.D.C. 2031.

Ilo\EN-CWP-W 8 February 1977

Honorable Juanita M. Kreps
Secretary of Commerce
Washington, D. C. 20230

Dear Madam Secretary:

This is in reply to the 30 September 1976 letter from the Deputy Assistant
Secretary of Commerce for Policy Development and Coordination providing
the views of your Department on the Interim Feasibility Report, South
central Railbelt Area, Upper Susitna' River Basin.

Section 160 of the Water Resources Development Act of 1976 (Public Law
94-587, dated 22 October 1976) authorizes the Secretary of the Army,
acting through the Chief of Engineers, to undertake the phase I stage of
advanced engineering and design for this project.

The comments provided by the Maritime Administration appear appropriate
and the points made by the National Oceanic and Atomospheric Administration
are those which we recognize and are of concern to us. Pursuant to the
7 October 1976 meeting between our staffs, regarding the technical questions
raised by your review, I requested an economic reanalysis of the project
by my staff and the Alaska District. As a result of that reanalysis, I
find the methodology used in the report is correct.

The area redevelopment benefit of $152,627,000 is the estimated 1986 present
worth of the $15,262,700 benefit realized each of the 10 years of the con
struction period. The present worth of ,the area redevelopment benefit
converts to an equivalent annual amount of $9,330,000. This procedure
does not imply that an area redevelopment benefit is realized each year
of the project life. It simply provides an annual amount over 100 years
which is equivalent to $15,262,700 for each of the 10 years of the con
struction period. For the purpose of comparing costs and benefits, it
would have also been correct, and perhaps more understandable, to offset
construction costs by the amount of area redevelopment benefits realized
over the 10 years of construction period.

xxx



..
, The procedure used to develop the average annual project costs can perhaps

best be described with the aid of the accOmpanying graph, which depicts
accumulative costs and benefits. Economic comparisons are usually made
on the basis of one of three alternatives; present worth value of all
investments, an equivalent annual rate, or a future sum. Each alternative
should yield a valid analysis of costs and benefits providing consistent
procedures are used. For the Upper Susitna analysis, all costs and benefits
were expressed on a present worth basis in the year 1986, the year of
anticipated power on-line and revenue earnings. The general method entails
accruing both construction costs and project benefits for the entire
economic life of the project, present worthing them to 1986, and amortizing
these costs and benefits over the project economic ,life. Thus, costs and
interest during construction (IDe) incurred prior to 1986 were accumulated,
while costs and IDC occurring subsequent to '1986 were present worthed to
1986 and added to the prior accumulation. By this method, the total 1986
preserit worth cost to be amortized is $1,653,136,000. Any point in time
may be established to which all costs and benefits will be related for the
purpose of establishing a benefit to cost ratio. The pay back analysis
must then be conducted on the basis of actual dollars obligated including
the overall effect of interest.

I trust that this information will help to clarify the procedure used to
evaluate the two-dam Susitna project.

Sincerely yours,

1 Incl
As stated

~,,~u
R. C. MARSHA.LL
Major General, USA
Acting Chief of Engineers
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COMMENTS OF THE DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20201

15.. SeptemberJ,,976

Lieutenant General J. W. Morris
Chief of Engineers
Department of the Army
Washington, D. C. 20314

Dear General Morris:

This Department has reviewed the draft environmental
impact statement concerning the Upper Susitna River
Basin, Southcentral Railbelt Area, Alaska.

While the proposed project does not appear to signifi
cantly impact on the remote Alaskan area in which it
is located, the DElS does not address plans for pro
viding health services to construction workers, many
of whom may well be Alaskan natives. This matter
should be addressed in the final ElS.

for the opportunity to review the document.

Sincerely,

a~~~
Charles Custard
Director
Office of Environmental Affairs

xxxiii
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COMMENTS OF THE FEDERAL POWER COMMISSION

FEDERAL POWER COMMISSION
WASHINGTON, D,C. 20426

Lieutenant General J. W. Morris
Chief of Engineers
Department of the Army
Washington, D.C. 20314

Reference: DAEN-CWP-A

Dear General Morris:

This is in reply to your letter of July 9, 1976, inviting comments
by the Commission relative to your proposed report, and to the reports
of the Board of Engineers for Rivers arid Harbors and of the District and
Division Engineers, on the Southcentral Railbelt Area, Alaska (Hydroelectric
Power) Upper Susitna River Basin. A revised draft environmental impact
statement accompanied the reports.

The cited reports cover studies of the feasibility of providing
electric power for the Anchorage-Fairbanks Railbelt area through hydro
electric development in the Upper Susitna River Basin. After consideration
of alternative plans, the plan selected would consist of developments at
the Watana and Devil Canyon sites. Because of the magnitude and complexity
of the projects, a phased approach to the final decision on construction
was recommended. Initiation of the phase I design memorandum stage was
authorized in Public Law 94~587, app~oved October 22, 1976.

As proposed, the development would consist of the 8l0-foot high
Watana Dam with an installed capacity of 708,000 kilowatts and the 635-foot
high Devil Canyon Dam with an installed capacity of 684,000 kilowatts. The
total estimated cost of construction, based on January 1975 price levels,
is $1,531,800,000.

The proposed hydroelectric development is designed to supply most of
the increased power demands between 1985 and 2000 of the Anchorage and
Fairbanks areas, as well as other small communities in the Railbelt region.
The Alaska Power Administration has made several projections of the combine,
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loads of these areas. The various projections are generally consistent
with information supplied to the Federal Power Commission by the advisory
committees involved 'in the Comm:i.ssion's forthcoming Alaska Power Survey.
The mid-range projection, which was selected by your Department for use
in its evaluations, assumes a utility load growth rate of 12.4 percent
annually between 1974 and 1980, 7 percent between 1980 and 1990, and 6
percent between 1990 and 2000. Total peak demands would increase,from
451 megawatts in 1974, to 870 megawatts in 1980, to 1,670 megawatts in
1990, and to 3,170 megawatts in 2000. The mid-range projection appears
to be a reasonable estimate of power loads that can be anticipated to
occur within the Railbe1t area.

Power values developed by the Commission staff were based on the
estimated costs, using January 1975 price levels, of coal-fired steam
electric plants constructed in the Fairbanks and the Anchorage-Kenai areas.
A combination of REA and municipal financing was assumed. On the basis of
Commission staff assumptions as to the utilization of the hydro system
power between the two areas, composite power values of $89.93 per ki1owatt
year for dependable capacity and 5.98 mills per kilowatt-hour for energy
were derived.

Using these values, ,and applying appropriate discounts to reflect a
time-lag before the power installation would be fully usable to meet the
area loads, the total annual power benefits as computed by your Department
are $128,153,000, including a nominal economic value for the interconnection
between Fairbanks and Anchorage. Independent calculations by the Commission
staff agree very closely with that amount. The staff also notes that, in
addition to the economic benefits, the proposed interconnection between
Anchorage and Fairbanks power systems should have a definite beneficial
effect on the reliability of both systems. Including your Department's
estimated benefits for recreation, flood control, and area redevelopment,
the total annual benefits would be about $138,000,000, compared to your
Department's estimates of annual costs of about $104,000,000. Consequently,
the proposed development appears to be economically justified.

The staff suggests that further studies be made during the phase I
design memorandum stage to determine the optimum development of the Upper
Susitna Basin. Although the basic Watana-Devil Canyon development appears
to be well justified, variations in power load growth could warrant con
sideration of additional projects in the basin 'or deferral of construction
of the Devil Canyon project. Further studies could also lead to different
conclusions concerning such facto~s as height of dams, size and number of
units, or provisions for future units.

Based on its consideration of the reports of your Department, the
revised draft environmental impact statement, and the studies of its own
staff, the Commission concludes that the proposed Watana and Devil Canyon
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hydroelectric developments appear to be economically effective means of
meeting projected power loads of the Anchorage and Fairbanks Rai1be1t area.
The Commission recommends that further studies be made to determine the
optimum scale and scheduling of the developments needed to meet the load
growth of the area. The Commission staff will be available to work with
your Department in resolving some of these issues.

Sincerely yours,

Chairman

xxxvi



, COMMENTS OF THE ENVIRONMENTAL PROTECTION AGENCY

u.s. ENVIRONMENTAL PROTECTION AGENCY

REGION X
, 1200 SIX'TH AVENUE

SEATTLE, WASHINGTON 98101

REPLY TO
ATTN OF: 10FA - MiS 623

15 October 1976,

Colonel GeorgeR. Robertson
District Engineer
Alaska District, Corps of Engineers
Department of the Army
P. O. Box 7002
Anchorage, Alaska 99510

Dear Colonel Robertson:

We have completed reviewing the Revised Draft Environ
mental Impact Statement issued by your office on "Hydro
electric Power Development, Upper Susitna River Basin."
We believe that this version of the DEIS is, like its
predecessor, premature in that the Corps has not yet
collected enough current water quality data to adequately
describe that portion of the existing environment and to
allow a thorough review. We feel there should also be an
attempt to model the reservoirs and their discharges in
an effort to estimate their effects on downstream water
quality and aquatic biota.

In particular, for our review the environmental statement
should contain data which shows the current values for
turbidity (as well as suspended and dissolved sediments),
dissolved oxygen, dissolved nitrogen and temperature for
points in the river upstream of the proposed reservoir
sites, at these reservoir sites and downstream of the
proposed project. We do not believe that water quality
data which is largely twenty years old can always be 'used
to represent current conditiorsin the river.

This additional data should be used to model the reservoirs
and the effects of project discharges on downstream water
quality so that a supportable assessment can be made, in
the statement, of the project's effects on downstream
turbidity, dissolved oxygen concentrations and water
temperatures. We believe that such an effort is essential
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in order to ensure that the proposed mitigating measure
(multi-level reservoir outlets) is adequate to ensure
compliance with Alaska's Water Quality Standards.

Because of this in£ormation gap we ·must continue to rate
the proposed action and the environmental statement ER-2
(environmental reservations, inadequate information).
This rating and the date of our comments will be pUblished
in the Federal Register in accordance with our responsibility
to inform the pub1ic.of our views on proposed Federal acti.ons
under section 309 of the Glean Air Act, as amended.

We appreciate this opportunity to review your Revised
Draft Environmental Impact statement and would be·g1ad
to discuss our concerns wj.th you .at your convenJ.ence.
For additional information contact Dan Creventsen in our
Anchorage office (907) 265-4~81 and/or Dan Stein~orn{n
the Seattle Regional Office (206) 442-1595. .

Sincerely,

Alexandra B. Smith
Director
Office of Federal Affairs
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LETTER TO.THE ENVIRONMENTAL PROTECTION AGENCY

= •

REPLY TO
A'fTENTION OF;

DAEN-CWP-W

DEPARTMENT OF THE ARMY
OFFiCE OF THE CHIEF OF ENGINEERS

WASHINGTON. D.C. 2031.

8 February 1977

Ms Alexandra B. Smith
Director, Office of Federal Affairs
Environmental Protection Agency
1200 Sixth Avenue
Seattle, Washington 98101

Dear Ms Smith:

Thank you for your comments, sent to the Alaska District Engineer, on the
revised draft environmental impact statement on Hydroelectric Power
Development in the Upper Susitna River Basin, Alaska.

We agree that further water quality studies, both for base··line data and
impact analysis, are required to thoroughly describe the existing environ
ment and to assess project impact. Recognizing the inadequacy of the
information available at this time we sought authorization only' for Phase I
studies, rather than project construction. Section 160 of the Water Resources
Development Act of 1976 authorizes the Secretary of the Army, acting through
the Chief of Engineers, to undertake the Phase I ·studies. During the
Phase I studies, detailed biological and hydrological investigations,
including reservoir modeling, will be made to obtain this information.

Reservoir modeling will be accomplished to allow simulation of reservoir
and downstream changes. A number of parameters which affect the ecological
cycle will be used. This will require an extensive base line data acquisition
program to properly calibrate the model. This analytical model will then
be used to evaluate environmental impacts and to ensure that appropriate
mitigating measures are incorporated in the project.

Additional work will be required before the project can be recommended for
construction and I look forward to your continued assistance during the
Phase I design memorandum studies. Results of these studies will be
incorporated. in Supplemental Environmental Statements to the Final State
ment and will be coordinated with those agencies, groups and individuals,
concerned with this project.
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Your letter, together with a copy of this reply, will accompany my report
when it is submitted to the Congress.

Sincerely yours,

~t...LP
R. C. MARSHALL
Major General, USA
Acting Chief of Engineers
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INTERIM FEASIBILITY REPORT, SOUTHCENTRAL RAILBELT AREA,
ALASKA, (HYDROELECTRIC POWER) UPPER SUSITNA RIVER BASIN

"_~"_" _i_""__"""

.,.~RTOFTRE =':-":r,":::'~EF~OFTREARMY
.oo~'\.\~I/~ OFFICE OF THE CHIEF OF ENGINEERS

.~J l WASHINGTON. D.C. 20314 -

~/
"II!(l1lji'iifl!lji!l!:/REPLY TO. .7 ATTENTION OJl"

DAEN-CWP-W 8 February 1977

SUBJECT: Interim Feasibility Report, Southcentral Railbelt Area, Alaska,
(Hydroelectric Power) Upper Susitna River Basin

THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress the report of the Board of
Engineers for Rivers and Harbors and "the reports of the District and
"Division Engineers for Southcentral Railbelt Area,Alaska, (Hydro
electric Power) Upper Susitna River Basin, in partial response to a
resolution of the Committee on Public Works of the United States
Senate, adopted 18 January 1972, requesting a review of the reports of
the Chief of Engineers, on: Cook Inlet and Tributaries, Alaska, published
as House Document Numbered 34, Eighty-fifth Congress; Cooper River and
Gulf Coast, Alaska, published as House Document Numbered 182, Eighty-third
Congress; Tanana River Basin, Alaska, published as House Document Numbered
137, Eight-fourth Congress; Yukon and Kuskokwim River Basins, Alaska,
published as House Document Numbered 218, Eighty-eighth Congress; and
other pertinent reports, with a view to determining whether any modi
fications of the recommendations contained therein are advisable at the
present time, with particular reference to the Susitna River hydroelectric
power development system including the Devil Canyon project and any com
petitive alternative s thereto, for the provision of power to the South
central Railbe It area of Alaska. In submitting my recommendations, I
wish to note at the outset that Section 160 of the Water Resources
Development Act of 1976 (Public Law 94-587 dated October 22, 1976)
authorizes the Secretary of the Army, acting through the Chief of
Engineers, to undertake the Phase I design memorandum stage of advance
engineering and design of the project for hydroelectric power on the
Susitna River, Alaska, in accordance with the recommendations of the
Board of Engineers for Rivers and Harbors dated June 24, 1976, at an
estimated cost of $25,000,000. The law provides that this shall take
effect upon submittal to the Secretary of the Army by the Chief of
Engineers and notification to Congress of the approval of the Chief
of Engineers.
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2. The District and Division Engineers recommend construction of two

dams and storage reservoirs with electric power generating facilities

on the Upper Susitna River. The Watana Dam, at river mile 165, would

be constructed first with 'an installed generating capacity of 708,000

kilowatts. The Devil Canyon Dam, located at river mile 134, would pro

vide an installed generating capacity of 684,000 kilowatts. The entire

system, including the power transmission facilities, can be operational

at the end of a 10-year construction period and would provide 6.1 billion

kilowatt-hours of firm energy to meet the Railbelt area's projected power

requirements until about 1996. The project would also provide flood con

trol benefits to the Alaska Railroad and lake-oriented recreational

'opportunities for the entire Railbelt area. The reporting officers

estimate the first cost of the project to be $1,531,800,000. On the basis

of an interest rate of 6-1/8 percent and a 100-year period of economic

analysis, annual charges are estimated at $104,000,000, annual benefits

at $137,876,000, resulting in a benefit-cost ratio of 1.3. All costs

allocated to power would be repaid to the Federal Government from power

revenues within a period of 50 years. The power would be marketed by

the Alaska Power Administration. Non-Federal interests would repay

one-half the separable recreation facility costs, an amount presently

estimated at $573,000.

3. The Board of Engineers for Rivers and Harbors notes that the recom

mendations of the reporting officers are based on field investigations

designed primarily to establish the need for and economic justification

of developing the hydroelectric power potential of the Susitna River

Basin. However, the Board feels that more detailed studies are necessary

to fully assess the engineering, economic and environmental effects of a

project of this scope prior to authorization of construction. The Board

finds a need for additional power development in the Southcentral Rail

belt Area and that development of the hydroelectric power potential of

the Upper Susitna River Basin would meet the future needs in an

economically efficient manner. The Board, accordingly, recommends that

the report of the District Engineer be adopted as a basis for proceeding

with the more detailed engineering, economic, and environmental studies.

4. The estimated October 1976 first cost of the project is $1,731,668,000.

On the basis of a 100-year period of economic analysis and a 6-3/8 percent

interest rate annual cos'ts are $122,554,000, annual benefits are

$159,592,000, and the benefit-cost ratio is 1.3.

5. I recognize the concern that construction of an access road to the

project area to accomplish the Phase I studies will unnecessarily open up

a heretofore wilderness area should the project not be constructed. I
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share this concern. An access road will not be necessary to conduct the
Phase I studies. Access will be gained by the most economic means which
could include existing pioneer roads, helicopter, fixed-wing aircraft,
and winter-time land routes using all terrain vehicles.

6. In accordance with Section 160 of the Water Resources Development
Act of 1976, I recommend that the Secretary of the Army, acting through
the Chief of Engineers, undertake the Phase I design memorandum stage of
advance engineering and design for the Upper Susitna River Basin 
Hydroelectric Power project in accordance with the recommendations of the
Board of Engineers for Rivers and Harbors. This report constitutes my
submittal to the Secretary of the Army and notification to the Congress
of the approval of the Chief of Engineers under the terms of Section 160.

~I..U
R. C. MARSHALL
Major General, USA
Acting Chief of Engineers
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LEITER F'R\oMITHE BOARD OF ENGINEERS FOR RIVERS AND HARBORS

SUBJECT: Review of Interim Feasibility Report, Southcentral Railbelt
Area, Alaska, Upper Susitna River:'Basin

DAEN-BR

DEPARTMENT OF THE ARMY
BOARD OF ENGINEERS FOR RIVERS AND HARBORS

KINGMAN BUILDING

FORT BELVOIR, VIRGINIA 22060

24 June 1976

Chief of Engineers
Department of the Army
Washington, D. C. 20314

1. This letter forwards the interim report of the Board of Engineers
for Rivers and Harbors on the subject project. The report is in
response to a Senate Public Works Committee Resolution adopted
18 January 1972.

2. While the Board did not concur in the recommendations of the
reporting officers, it did find sufficient evidence of feasibility
for development of hydroelectric power to warrant additional detailed
studies. In reaching that conclusion, the Board considered the
remoteness of the project area and the unique wilderness characteristics
which makes the collection of physical information extremely difficult.
The Board also considered the size and cost of the proposed improvements
and the potential for impact on the environment and economy of the"study
area. In view of these and other pertinent factors, the Board believed
that additional studies commensurate with the investment required for
the project should be completed and forwarded to Congress for their
consideration prior to recommending authorization for construction.

3. Although this interim response differs from the usual report of
the Board, it is considered to be a complete document capable of
fulfilling the requirements of further processing.

"4. The pUblic and interested Members of Congress are to be informed
of the Board's findings on Friday, 25 June 1976,"in Washington, D.C.

1 Incl
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ATI'ENTION 01":

DAEN-BR

DEPARTMENT OF THE ARMY
BOARD OF ENGINEERS FOR RIVERS AND HARBORS

KINGMAN BUILDING

FORT BELVOIR. VIRGINIA 22060

24 June 1976 .

SUBJECT: Interim Feasibility Report, Southcentral Railbelt Area,
Alaska, Upper Susitna River Basin

Chief of Engineers
Department of the Army
Washington, D. C.

I

1. Authority. --This report is an interim response to a Senate Public
Works Committee Resolution adopted 18 January 1972 requesting the
Board of Engineers for Rivers and Harbors to review certain pertinent
reports of the Chief of Engineers to determine the advisability of
developing the Susitna River Basin hydroelectric power potential to
provide elect'ric power for the Southcentral Railbelt Area of Alaska.
The review report was prepared by the Alaska District and North
Pacific Division Engineers.

II

2. Summary of Board review. --This interim response differs some
what from the usual reports of the Board because of the unique prob
lems of the Alaskan region and the size and high first costs of the
project proposed by the District and Division Engineers. The pro
posed structures would be located in an undeveloped, remote wilder
ness area. Significant amounts of electric power are needed to meet·
the projected demands of the Southcentral Railbelt area, and the energy
sources selected to meet the need will have a major effect on the future
development of Alaska•. There are also certain policy issues of re
gional and national importance which must be addressed before the
final decisions are reached concerning the development of a project
of this scale. While the Board does not concur in the recommendations
of the reporting officers for immediate authorization for construction,
it believes there is a sufficient showing of engineering and economic
feasibility to forward the report for Executive and Congressional
decision concerning the funding of additional studies needed to fully
evaluate whether the large investments of money and other resources
for development of the proposal are warranted. A summary of the
findings and recommendations of the District and Division Engineers
follows.
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III

3. Description. --The Southcentral Railbelt Area of Alaska is trian
gular III shape. about 300 miles wide at the base along the Gulf
of Alaska from Cook Inlet to the Copper River. and about 400 miles
high to the apex at Fairbanks. It encompasses the Cook Inlet. the
Gulf of Alaska. and the Tanana subregions which are separated by the
Alaska. Wrangell. and Talkeetna Mountain Ranges. The study area
contains the best agricultural land in the State and has large depos
its of coal. gas. and oil reserves along the southern perimeter.
The Susitna River orginates on the southern slope of the Alaska Moun
tain Range and flows north and west of the Talkeetna Mountains into.
Cook Inlet. Fairbanks and Anchorage are in the Railbelt Area. and
have about 75 percent of the State's total population. The Alaska
Railroad extends from tidewater at Seward through Anchorage to
Fairbanks on the north. A network of paved all-weather highways
connects the major .cities.

4. Economic development. --The Railbelt Area has a diversified econ
omy with Anchorage and Fairbanks serving as the major trade. service.
and transportation centers for their respective regions. The smaller
cities are usually dependent upon one or two industries such as
fishing. lumbering. or mineral extraction. and some primary proc
essing of these products. Government is the single largest industry
in the State. accounting for about one-third of total employment.
Manufacturing is mostly primary processing related directly to the
extraction and export of the mineral. timber. and fishery resources.
Construction has gained some importance as an industry. largely
due to high levels of expansion in Anchorage and Fairbanks. and the
Trans-Alaska pipeline project which is presently being completed.
Future growth in all sectors is expected to increase rapidly. due
to the increase in the extraction and processing of the large natural
resources.

5. Problems and needs. :"-This study is primarily concerned with
the investigationof alternatives to provide electric energy for the
Southcentral Railbelt Area ofAlaska. Other problems and needs
are identified and accommodated to the extent possible. Because of
its location and its function as the center of trade an.d transportation.
the Railbelt Area is affected by all other activities in the State. As
further exploration locates and defines the extent of natural resources
available for development. there will be an accompanying expansion
of industrial processing and manufacturing. The electric energy
levels required to accommodate the projected growth are estimated
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to be about 4.0 billion kilowatt-hours in 1980, 7.6 billion kilowatt
"''hours in 1990, and 15.0 billion kilowatt-hours in the year 2000. In
,"addition to the projected need for additional electric energy, there
<a~reexpressedneeds for flood control, recreation, municipal water
~S:upplY, irrigation, and navigation.
):",

'6. Alternatives considered. --The District Engineer considered a wide
l~;l.nge of alternative electric energy.sources. These included t!J.e con
~ientional methods of energy generatiOn such as thermal-electrIc plants
'fueled by coal, oil, natural gas, and nuclear, and development of
(hydroelectric potential. The less conventional methods considered
'were wind, tidal, geothermal, or solar energy. He found that the
~conventional systems are presently economically feasible. Further
'consideration of these alternatives indicated that, at the present
time, it would be in the State and Federal interest to reserve the
;~se of oil and natural gas for other critical purposes. Comparison
'jof the coal-fired thermal-electric plant with development of hydro
leiectric potential demonstrated that development of hydropower in
-the Upper Susitna River Basin would provide the most balanced
:response to the study objectives in terms of National Economic
J?e,velopment and Environmental Quality.

p'. Plan of improvement. --The District Engineer finds that the most
,', ipractical plan of improvement would consist of two dams and storage
!teservoirs with electric power generating facilities located on the
bUpper Susitna River. The plan also includes a power transmission
tsystem with necessary substations to deliver the energy output to

'j;Anchorage and Fairbanks and other intermediate areas. The Watana
:;";Pam, at river mile 165, would be an 8l0-foot high earthfill structure
'tV\T~th power facilities providing dependable generating capacity of
" rZ98, 000 kilowatts, and would be constructe,d first. The Devil Canyon
~D,a;m, to be located at river mile 134, would be a 635-foot high concrete
structure with power facilities providing dependable generating capacity
pf 684, 000 kilowatts. Construction of the project is scheduled so that
Iti).e entire system can be operational at the end of aID-year construction
(per~od. The completed project will provide 6. 1 billion kilowatt-hours
t~f firm energy, and an additional 0.8 billion kilowatt-hours of secondary

,jimergy, all of which will be capable of meeting the Railbelt Area's
. power requirements projected to about 1996. The project will also

)provide minor flood control benefits to the Alaska Railroad and lake
,~oriented recreational opportunities to the entire Railbelt Area.
~fr , '
"'~. Economic evaluation. --Using January 1975 prices, the District

t'i~~gineer estimates the first cost of the project at $1,531,800, ODD,
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which includes $11. 800. 000 for the value of lands presently in Federal
ownership. Non-Federal interests would be required to reimburse the
Federal Government one-half the separable recreation facility costs.
an amount presently estimated at $573.000. Economic evaluation of
the plan is based on a 6-1/8 percent interest rate and a 100-year
period for economic analysis. He estimates the annual costs of the
project to be about $104.000.000. of which $2.400.000 is the Federal
cost for operation. maintenance. and replacements. and $100.000
is the non-Federal cost for operation. maintenance. and replacements
for recreation facilities. Average annual benefits are estimated at
$137.876.000. and the benefit-cost ratio is 1.3. All first and annual
costs allocated to power will be repaid to the Federal Government
from power revenues.

9. Recommendations of the reportin officers. --The District Engineer
finds t at t e propose Improvements are economically justified and
would provide needed electric energy for the Railbelt Area in the
most economical manner. He recommends construction of the works
generally in accordance with plans described in his report. The
Division Engineer concurs.

10. Public notice. --The Division Erigineer issued a public notice
stating the recommendations of the reporting officers and affording
interested parties an opportunity to present additional information to
the Board. Careful consideration has been given to the communica-,
tions received.

Views and Recommendations of the Board of En ineers for Rivers and
Har ors.

11., Views. --The reporting officers' recommendations were based on
limited fIeld investigations designed primarily to establish the need
for and economic justification of developing the hydropower potential
of the Upper SusitnaRiver Basin. While this level of information
is appropriate for establishing feasibility. more detailed studies are
necessary to assess fully the engineering. economic. and environmental
effects of a project of this scope. The decision to seek authoriza-
tion for construction should be deferred until these studies are com
pleted and the results are included in a further report to Congress.

12. Economic development in Alaska ha,s been affected by many diverse
factors. such as national defense. climate. and resource development.
and has been subject to periodic fluctuation. There is a division of
sentiment between those who encourage maximum economic development.
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and those who prefer to retain the State's wilderness characteristics.
Alaska is rich in natural resources. which. when developed. can
contribute to national economic stability. National needs will cause
extensive development of these resources. and will result in significant
industrialization. Job opportunities and population will probably in
crease at a rate somewhat higher than the national average. Oil
revenues received by the State are expected to reach $1 billion annually
by 1980. Alaska will most likely use these revenues to develop its
abundant natural resources. Some of the resources available for
development are floride. tungsten. copper. iron ore. and zinc. There
is a high correlation between industrial growth and electric energy
demand. and the Board believes there will be a need for significant
amounts of electric energy in the future.

13. Among the many resources are substantial reserves of coal.
gas. oil. and a significant potential for hydroelectric development.
Anyone of these energy sources is considered adequate to meet Alaska's
long-term electrical energy requirement. There are competitive
uses with different values for these resources which must be carefully
considered to insure that their disposition is in the best interest
of the State and the Nation. Oil and natural gas are presently the
most widely used fuels for generating electric energy in the Railbelt
Area. However. recent actions by the oil and gas exporting nations
of the world have forcefully pointed out that these are nonrenewable
resources which are being depleted and should be conserved. Con
sequently. significant efforts are being made nationwide to conserve
these fuels for the most critical purposes. such as for home heating
and transportation. and as a raw material in the petrochemical
industry. Comparison of the thermal alternatives alone indicates
that the economic return to the State and to the Nation would be maxi
mizedby generating electrical energy with coal and making the oil
and natural gas available for more critical uses.

14. Electric utilities are considering the use of coal in their long
range plans. However. the studies conducted by the reporting
officers have demonstrated that it is more economical to develop
the hydroelectric resources of the Upper Susitna River Basin than
it is to construct coal-fired steam electric plants.

15. The Board has considered·the recommended plan of development.
and finds that it would provide a valuable contribution in meeting the
future electrical power needs of the Railbelt Area. However. the
scope of studies by the District Engineer was restricted to meet-
ing general growth of power demand for a limited period of time.

9
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which has resulted in a plan designed to provide power at system
load factor during the life of the project. Experience gained with
other power systems indicates that hydroelectric power contributes
its greatest value to the system by providing peaking capacity.

16. Development of the Upper Susitna River Basin for hydroelectric
power would be a significant factor in shaping an electric power
system for the Railbelt Area. The Board believes that additional
formulation studies should be made to define the project which would
provide for optimum utilization of the resources in the Upper Susitna
River Basin and to provide the maximum contribution to long-term
electric power needs.

17. The recommended project is in a remote and inaccessible wilder
ness area, and the problems associated with obtaining basic social,
environmental, and other physical information have been greater
than usually encountered. Thus, the report contains less information
than is desirable for a survey investigation of this magnitude. Since
it has not been possible to obtain the desired level of baseline infor
mation, it has not been possible to identify and quantify the poten-
tial impacts which could result from construction of.the recommende.d
plan or of several alternative plans, considered. Several Federal
and State agencies, environmental groups, and the Governor's Devil
Canyon Task Force Group have expressed concern about the level
of social, environmental, and physical baseline information, and the
assessment of related impacts. However, the Board does believe that
the report contains sufficient information to establish that hydropower
development in the Upper Susitna River Basin is economically feasible.
It further believes that although additional baseline information would
not adversely affect project justification, there. may be significant
impacts affecting the scope, design, and ultimate operating character
istics.

18. In summary, the Board believes that the reporting officers have
demonstrated that development of the hydroelectric power potential
of the Upper Susitna River Basin would meet the area's future power
needs in an economical manner. While there is sufficient information
to support that conclusion, the general level of information and the
detail of the studies do not appear adequate 'to determine the scope,
design, and operating characteristics of a hydropower system which
would provide the maximum contribution to the Railbelt Area's needs.
Therefore, it is the .view of the Board that additional detailed studies
should be accomplished to:
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a. Reexamine all relevant resource and economic factors asso
ciated with the growth of electric powerloads in the Railbelt Area,
and establish the magnitude and characteristics of future system
requirements.

b. Reexamine the full range of alternative electric power re
sources, including those physical features of the hydroelectric resource
which are related to the characteristics of system requirements; and

c. Perform detailed hydrologic, geologic,and environmental
baseline and impact studies to determine their effects on project
formulation, design, and operation.

19. Recommendations. ;..-Accordingly, the Board recommends that the
report of the DistrlCt Engineer for power generation, recreation, and
flood control in the Upper Susitna River Basin be' adopted as a basis for
proceeding with the more detailed engineering, economic, and environ
mental studies. Because of the high cost of the essential investigations
leading to authorization for construction, the scope and estimated first
cost of the proposed improvements, and the significant long-term effects
on Alaska, the Board recommends that the report be transmitted to
Congress for specific approval and funding of the necessary studies.
The Board also recommends that the decision to authorize a plan
for construction be deferred until these studies are completed and
the results are included in a further report to Congress.

FOR THE BOARD:
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REPORT OF THE DISTRICT ENGINEER

·SYLLABUS

The pJtCUlent dec.bUc.aR. poweJt .6Y.6tem 06 the Railbe£.:t Mea 06 Sou-th
cen-tJuU'. AilU>ful COn6.u.u plWnaJUty 06 na-twta.t glU> theJUnal and .twr./Une
pfun:t.6 .in the AnchoJta.ge M€a and e.oa1.-6.i.Jted theJrma1. pfunU .in the FiWtbanlu.
Mea. PoweJt demand, pJtCUlenfty 2 b-U.Uon kil.owa:t:t-howu> annua.Uy, .u. .
pJtojee:ted to Jteach 5.5 b-U.Uon kil.owa:t:t-howu> by 1980 and 15 b-U.Uon by
the yeIVL 2000. Th-U. demand cou1.d be met thJtough expanded U6e 06 na-twta.t
glU>, e.oa1., and pIWLoleum; howeveJt, Jtee.ognU.i.on 06 the -UmUed .6upply and
Jta.p.i.d Jta:te 06 depletion 06 thCUle vUal. nonJtenewabte JtCUlOWte.CUl demand.6
the.i.Jt e.On6eJtvalion and mo.6t beneMdal. U6e.

Th-U. .inteJt.i.m .6tudy .u. :to deteJUni.ne the ·6e1U>.ib.iUty 06 pJtov.i.d.i.ng.
dec.bUe.a1. eneJtglj to the Railbe£.:t Mea thJtough the devdopmen:t 06 the
Jtenewable hydJtodec.bUe. JtCUlollJte.e poten:t.i.a1. 06 the UppeJt SU6Una R.i.veJt
Ba.6.in. The .6:tu.dy 6.ind.6 .6ue.h devdopmen:t tee.hn.i.c.aR.llJ, ee.onom.i.e.a1.ly, and
env.i.Jtonme.nia:U.y 6elU>.ible and jU6UMed.

The .6tudy Mnd.6 that the plan bCUlt .6eJtv.ing the publie. .i.nteJtCUlt
e.On6.u.u 06 a two-dam .6y.6tem l.lit.<Li.z.ing the Watana and Vevil Canyon
dam.6UCUl neIVL milCUl 165 and 134, JtCUlpee.Uvdy, on the SU6Una R.i.veJt.
The Watana Vam, to be e.on6:tJtue.:ted 6.i.Jt.6t, would be an 810-600t-h.i.gh
eaJt:th6W .6:tJtue:twr.e with a poweJtpfunt and appu.Jt:tenant ae.e.CUl.6, :tJtan.6
rn<.6.6.ion, and otheJt 6ae..iUt.i.CUl. The Vevil Canyon Vam would be a 635
600t-h.i.gh e.onC'..Jtete th.i.n-Me.h .6:tJtue:twr.e wUh a poweJtpfunt and appu.Jt:tenant
6ae..iUt.i.CUl •

The .6y.6tem, .i.nc.tu.d.i.ngUm.i.:ted v.u..i.:toJt and JteC'..Jtea.Uon 6ae..iUt.i.CUl,
would have a pJtojee.:t e.O.6t 06 $1,520,000,000, and pJtov.ide 6.91 b-U.Uon
kil.owa:t:t-howu> 06 eneJtgyannua.Uy. Annu.a1. e.O.6U 06 $104,020,000 would
be exe.eeded by annu.a1. beneMu 06 $131,876,000, and wou1.d g.ive a bene6U
to-e.O.6t Jtalio 06 1.3 IU> e.ompMed to a e.onvenUona1. e.oa1.-6.i.Jted geneJtation
aUeJtnaUve.
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SOUTH CENTRAL RAILBELT AREA, ALASKA
IinERI~' FEASIBILITY REPORT FOR HYDROELECTRIC POWER AND

RELATED PURPOSES FOR THE UPPER SUSITNA RIVER BASIN

THE STUDY AND REPORT

PURPOSE AND AUTHORITY

DuE! to the continuing rapid population growth in the Southcentra1
Rai1bE!ltarea of Alaska and because of the increasing national concern
over therieed to conserve the nation 's nonrenewable energy resources,
the Corrrnitteeon Public Works of the U.S. Senate adopted a resolution on
18 January 1972 requesting a review of the feasibi1itY'of providing
hydropower to the Southcentra1 Rai1be1t area. The resolution is quoted
as follows: .

"That the Board of Engineers for Rivers and Harbors
created under the provisions of Section 3 of the River
and Harbor Act approved June 13, 1902, be, and is
hereby requested to review the reports of the Chief
of Engineers on: Cook Inlet and Tributaries, Alaska,
published as House Document Number 34, Eighty-fifth
Congress;:Copper River and Gulf Coast, Alaska, pub
lished as House Document Number 182, Eighty-third
Congress; Tanana River Basin, Alaska, published as
House Document Number 137, Eighty-fourth Congress;
Yukon and Kuskokwjm River Basins,A1aska, published
as House Document Number 218, Eighty-eighth Congress;
and other pertinent reports with a view to determining
whether any modifications of the recorrrnendations con
tained therein are advisable at the present time,
with particular reference to the Susitna River hydro
electric power development system, including the'
Devil Canyon Project and any competitive alternatives
thereto, for the provision of power to the Southcentra1
Ra il bel t area of A1 aska. "

While the primary purpose of this report is to respond to this
resolution, plan formulation will be based on existing national policy
and will give full consideration to the economic, social, and environ
mental concerns of the pUblic, in order that any recorrrnended plan will
insure the maximum sustained public benefit from the use of the water
resources of the region.
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SCOPE OF THE STUDY

The study and report are of. feasibility scope and are not intended
to be a detailed project design. The report is an Interim Report on the
Upper Susitna River Basin in partial re,sponse to the Congressional
Resolution. .

The study is a systematic examination' of the economic, social, and
environmental conditions of the Railbelt·area as ,they relate to electrical
energy needs and hydroelectric a~d related water resource potential. It
embodies the concepts of multi-objective planning in accordance with the
directives and guidance provided by the National Environmental Policy
Act of 1969 (NEPAl, Section 122 of the River and Harbor and Flood Control
Act of 1970, and the Principles and Standards for Planning Water and
Related Land Resources, promulgated by the Water ResourceCouncil in
1973. Findings of preliminary studies completed are sUlTITIarized.and.an
evaluation of possible electric power generation alternatives is pre
sented along with the selection of the most feasible development plan
for the Upper Susitna River Basin •. Investigations and coordination .
relative to this study were made in sufficient detail to. permit the
identification of public needs, an assessment" of' existing and probable
future conditions and resource capabilities, the establishment of
specific planning objectives, and the formulation and selection of the
plan which represents the best possible response to the study authority
and planning objectives.

STUDY PARTICIPANTS AND COORDINATION

The Corps of Engineers had primary responsibility for conducting'
the study, consolidating information from other agencies, formulating
the recommended plan, and preparing the report. The Alaska Power
Admini strati on had therespons ibil ity of preparing analyses on the
marketability of power in the Railbelt and on the transmission system
which will be required' to deliver the power to the demand centers.
Other Federal, State, and local agencies providing advice and information
include, but were not limited to:

Federal Power Commission, U.S. Bureau of Reclamation, Bureau of
Land Management, Bureau of Outdoor Recreation ,Fi sh and Wil ill ife Ser-,
vice, Environmental Protection Agency, National Marine Fisheries Ser
vice, U.S. Bureau of Mines, Soil Conservation Service, Alaska Railroad,
Federal-State Land Use Planning COlTITIission for Alaska, Alaska State
Clearinghouse, Alaska Department of Fish and Game, Alaska Division of.
Parks, Cook Inlet Regional Corporation, and Ahtna, Incorporated.

THE REPORT

The results of the studies for the Railbelt area are 'presented in
two volumes~-the main report and the appendixes. The main report
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presents a nontechnical summary of the results of the study for tech
nical and nontechnical reviewers. .

The first appendix is a technical report containing more detailed
information on environmental and economic resources, plan formulation,
and design considerations necessary for the technical reviewer to
conduct an independent evaluation of the validity of the study results.
Appendix 2 contains all pertinent correspondence affecting coordination
among Federal, State, and local interests; and reports of other agencies.

PRIOR STUDIES AND REPORTS

Corps of Engineers Reports:

1. Cook Inlet and Tributaries, Alaska, HD 34, 85th Congress

The Chief of Engineers recommended construction of small boat
basins at Seldovia; at the end of Homer Spit; and at Ninilchik;
improvement of the harbor at Anchorage; and the stabilization of about
1,500 feet of riverbank by rock revetment along the Talkeetna River to
protect the down of Talkeetna from flood damage.

2. Cooper River and Gulf Coast, Alaska, HD 182, 83d Congress

The Chief of Engineers recommended improved protection for small '
boat harbors at Seward and Valdez. The Secretary of the Interior in
his report stated that no market was available for use of potential
power development. .

3. Tanana River Basin, Alaska, HD 137, 84th Congress

The Chief of Engineers recommended the improvement of Chena and
Tanana Rivers, to provide for a diversion dam and control structure
across Chena River, a diversion channel from Chena River to Tanana
River, a levee, and necessary drainage facilities.

4. Yukon and Kuskokwim River Basins, Alaska, HD218, 88th Congress'

The Chief of Engineers recommended that no project be adopted at
this time for improvement of the Yukon and Kuskokwim Rivers for

. navigation and flood control. He recommended further that -the report
of the District Engineer be adopted as a guide for future investigations
of water resource developments in the Yukon and Kuskokwim River basins
as economic conditions warrant.



5. Review of Interim Report No.2, Cook Inlet and Tributaries,
Part No.1, Hydroelectric Power, Bradley Lake, HD 455, 87th
Congress, 2d Session

The Chief of Engineers recommended the construction of a dam and
reservoir at Bradley Lake, with a power-generating plant on Kachemak
Bay and appurtenant power facilities.

6. Rampart Canyon Project, Volumes I and II, 1971

The Alaska District Engineer recommended that a project for hydro
electric ·power generation at the Rampart Canyon site on the Yukon River
not be undertaken at this time because of marginal feasibility and of
environmental and ecological problems.

Department of the Interior Reports:

1. U.S.· Bureau of Reclamation, A Reconnaissance Report on the Potential
Develomnent of Water Resources in the Territory of Alaska, December
1948

This report described the resources of the Territory of Alaska and
indicated potential for power development at 72 sites. The territory
was divided into 5 regions and potential hydropower sites were studied,
of which 5 were in the Susitna River basin.

2. U.S. Bureau of Reclamation, A Report on Potential Development of
Water Resources in the Susitna River Basin of Alaska; August 1952

This report described the resources and potentialities of the
Susitna River basin. An ultimate plan of development of hydrQpower
resources for the basin··was described,and included 12 major dams. In
the ultimate plan, the total powerplant capacity would be 1.249 million
kilowatts, and would provide firm annual energy of 6.18 billion kilowatt
hours. Total reservoir capacity would be ·22.69 million acre-feet.

3. U. S. Bureau of Reclamation, Devil Canyon Project, Alaska,
March 1961

The Commissioner of Reclamation recommended the proposed Devil
Canyon Project, which consisted of two major dams and reservoirs on the
upper Susitna River, a powerplant, and transmission lines and appurte
nant facilities to deliver power and energy to Fairbanks and Anchorage.
The largest structure would be the Devil Canyon Dam which would possess
many advantages for development of hydroelectric power; however, storage
capacity was not adequate. Therefore, a second dam at the Denali site
was proposed, where a larger reservoir could be created with a low
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earthfill dam. Based on the hydrologic data available at the time of
the report, the estimated energy potential of the system which consisted
ultimately of four dams with first-stage development of Devil Canyon and
Denali were 7.0 and 2.9 billion kilowatt-hours, respectively.

4. Alaska Power Administration, Devil Canyon Status Report, May 1974

This report was a partial update of the March 1961 report of the
U. S. Bureau of Reclamation on the Devil Canyon Project. This report
included updating the designs for the project features, preparation of
new cost estimates, and brief analysis of power market, environmental,
and economic aspects.

5. Alaska Power Administration, 1974 Alaska Power Survey, prepared for
the Federal Power Commission, in five volumes

The report included information and data on resources and electric
power generation; economic analysis, load projections, environmental
considerations, and ·consumer affairs.

Other: A Reassessment Report on· Upper Susitna River Hydroelectric
Development for the State of Alaska, September 1974, by the Henry J.
Kaiser Company. The company was considering the development of a large
aluminum plant within the Railbelt area contingent upon availability of
large quantities of inexpensive energy. To meet this demand, Kaiser
suggested a first-stage upper Susitna River development consisting of a
single high dam (termed "Devil Canyon High" and/or "Susitna I" in this
report) five miles upstream from the USBR Devil Canyon damsite. Subse
quent development would include power projects both up and downstream
from the high dam.
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RESOURCES OF THE STUDY AREA

THE STUDY AREA

In keeping with the directive of Congress, the study area for this
report encompasses the Southcentral Railbelt area of Alaska. This area
contains Alaska's largest concentration of population and economic
activity. Because of its great size and diversity, the study area is
divided into three subregions for purposes of description. These are
denoted as the Cook Inlet, Gulf of Alaska,.and Tanana subregions. The
following discussion of the study area and its economy is designed to

'provide information on which to base judgments as to water resource
development needs and impacts of any proposed solutions. (Most of the
information in this section of the report has been taken from Resources

(of Alaska, compiled in July 1974 by the Resource Planning Team of the
Joint Federal-State Land Use Planning.Corrmission for Alaska. It is the
most comprehensive and up-to~date 'compendium of resource information for
the study area.)

CLH1ATE
.

Cook Inlet Subregion: At Anchorage, average annual precipitation is
14.7 inches. with half to two-thirds falling during ·the period July
through November. The mean daily January temperature is +12.1 0F and the
mean July temperature is +58.20 F. Record low and high temperatures at
Anchorage are -380 F and +860F.. There are about 125 frost-free days per
year with the last freeze in the spring occurring about 11 May, and the
first fall freeze occurring about 18 September.

Gulf of Alaska Subregion:, Inland of the Chugach Mountains is an area
characterized by a semi-arid climate with relatively clear skies and
extreme temperatures. The mean annual temperature is generally about

. 290 F. The southern flank of these mountains is somewhat warmer. The
first freeze in the fall occurs about 14 September, and the last freeze
in the spring usually occurs about 24 May, giving an annual average of
about 110 frost-free days. Precipitation varies widely, as demonstrated
by annual averages of 60 inches at Valdez, and 80 inches at Cordova,
with 100-300 percent more precipitation in the mountains than in the

~;:low·lands .. Earth tremors are common. especially along the southern
portion of this subregion.

Tanana Subregion: The average annual precipitation is 11.3 inches at
Fairbanks, and over one...;half of the annual precipitation falls in the
spring and summer months. At Fairbanks, record high and low tempera
tures are about 990 F and -650 F. The mean daily January temgerature is .
about -160 F and. the mean daily July temperature is about 60 F. Fairbanks
averages 89 frost-free days per year.
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TOPOGRAPHY AND HYDROLOGY

Cook Inlet Subregion: The subregion is characterized by rugged mountain
ranges surrounding a central lowland and the ocean arm of Cook Inlet.
~'oderate precipitation, including the annual snowpack combined with
glacial melt, generally provides a plentiful water supply. On the west
side of Cook Inlet, ..,the largest rivers are the Chakachatna and Beluga.
To the north of Cook Inlet is the Susitna River, sixth largest river
system in Alaska, with a total drainage area of 19,400 square miles.
This system includes the major tributaries: Yentna, Chulitna, Talkeetna,
and Tyonek Rivers.

To the east of theSusitna are the drainages of the'Matanuska
(2,170 square miles), Knik and Eagle Rivers. The rivers of the Kenai
Peninsula are relatively small, the largest being the Kenai River with
a 2,OOO-square-mile drainage area.

The low ground area within the subregion is generally free of
permafrost, while permanently frozen ground may exist in the higher
elevations, The'Kenai Mountains and the Aleutian and Alaska Ranges
conta in g,l ac iers.

The Cook I~let sUbregion contains Anchorage, Alaska's' largest city,
as well as the communities of Kenai, Soldotna, and Homer. It also
contains one of Alaska's important farming areas in the ~Iatanuska-

Susitna valleys, with Palmer being the hub city. The subregion contains
the "Railbelt," extending from the deep water ports of Seward and ~Ihittier

through Anchorage to Fairbanks. A major share of the State's highway
system is also here; however, large areas, remain without road access.

Gulf of Alaska Subregion: This subregion includes parts of the Alaska
Range, the Wrangell and Chugach-Kenai Mountains, and ,the Copper River
Lowland. ~Iassive mountains, rising in altitude to more than 16,000 feet
in the Wrangells support the largest ice fields and glaciers in North
America.

Principal watershed of the subregion is the Copper River system
with a 24,400-square-mile drainage area. It drains the~south slopes of
the Alaska Range, south and west slopes of the Wrangell l'Iountains, most
of the Chugach Mountains, the Copper River Basin,and a small section of
the Talkeetna Mountains. The land surface is largely rough and mountainous,
with a narrow coastal plain along the Gulf and broad lake basin in the
Gulkana area between the mountain systems.

The coastal portion of the subregion is generally free of perma
frost, while the interior portion is underlain by discontinuous perma-:
frost. Glaciers cover most of the higher peaks in the Wrangell ~Iountains

and nearly. all of the crest of the Kenai-Chugach ~~untains, which
separate the coastal area from the interior. .
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Most of the larger communities in this subregion are accessible by
road. A notable exception is Cordova. Whittier is linked to Portage by
rail and to Valdez by· ferry.

Tanana Subregion: . A broad level to rolling plain occupies the central
and southwestern part of the subregion, flanked by mountains to the
north and south. The entire subregion is drained by the Tanana River
and its tributaries. .

The Tanana subregion lies within the discontinuous permafrost zone
of the State. Glaciers occur along most of the southern boundary of
the area.

The Tanana subregion has one of the most developed surface trans
portation systems in Alaska. The Alaska Highway bisects the area; the
Tok cutoff and Richardson Highway·both provide all-weather routes to;
Anchorage, as does the Parks Highway.

WILDLIFE--FISHERIES

Alaska is endowed with geographic characteristics that make possi~le

a highly productive fishing region. Alaska's coast covers a broad
geographical range in latitude and longitude, and includes every type of
coastal system found in the Lower 48 States, with the exception of the ,
tropical area. Coastal Alaska, with an extensive intertidal and littoral
shore area, provides the environment necessary to sustain its fisheries
production•. Alaska produces 10 to 12 percent of the total value of US.
fisheries products (422 million pounds worth $92 million in 1972).

Following is a description of the fishery res6urcesofthe study
area by subregion.

Cook Inlet SUbre~ion: Pink salmon are the most abundant anadromous fish
in the area, wit the greatest numbers arriving to spawn in even-numbered
years. Red salmon are next in abundance and are found primarily in the
Kenai and Tustumena Lake drainages. Chum and silver salmon are found in
most of the coastal streams, and king salmon are present in streams
north of Anchor River on the·east and Beluga River on the west.

Dolly Varden are found throughout the area; some remain in fresh
water; others are anadromous. Rainbow trout inhabit some lakes and
streams on the Kenai Peninsula and most of the Susitna River drainage.

Grayling are indigenous to the SusitnaRiver drainage and other
westside streams flowing into Cook Inlet, and they have been success
fully introduced into freshwater lakes •. Whitefish and lake trout are
also found in the area.
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Sport fisheries are intensively used in many waters of the sub
region. This area,contains over half the people of the State, as well
as most of the roads. Sport anglers use cars, airplanes, boats, and
snowmachines to reach most parts of the area. Sport fish available are
rainbow trout, Arctic grayling, Dolly Varden, Arctic char, lake trout,
burbot, whitefish, black rockfish, and five species of salmon. Clam
diggers pursue razor clams, ,butter clams, and other varieties of clams
on the beaches of the Kenai Peninsula and west shores of Cook Inlet.

Freshwater ,sport fishing is available throughout the area. Salt
water fishing in Cook, Inlet is confined mostly to,Kachemak Bay and at
th~ mouth of Deep Creek, south of Kenai. The numbers of fish and shell
fish harvested by sport fishermen are unknown. Many lakes throughout
the area are stocked with salmon, trout, or grayling.

Gulf of,Alaska Subregion; Since much of this subregionjsmountainous,
the fisheries habitat is characterized by many short,sj;eep coastal
streams and the rather large drainage of the Copper River. The entire
mountainous area is heavily glaciated, and many of the streams carry ,~

high load of glacial sediment. There is a paucity of lakes, for such a
large are'a.

Pink and chum salmon utilize the short coastal streams. Silver
sa Imon spawn and thei r'fry develop in somewhat 1arger streams where the
young can survive for at least one year. Red salmon are found primarily
in drainages that contain a lake,or lakes, such as the many lakes of
the ,Copper River drainage. King salmon spawn in the upper reaches of
the Copper Ri ver drai nage. Dolly Varden are present throughout the
coastal stream systems. Arctic grayling are confined to the clearwater
systems in the upper,portion of the'Copper River drainage and have been
successfully introduced in the Cordova area. Rainbow trout are present,
as well as lake trout, whitefish, and burbot.

Important marine fish and shellfish are herring, halibut, red
snapper, black cod" ki ng crab, tanner and Dungeness ,crab, shrimp,
scallops, and razor clams.

The most sought-after sport fish are the five species of Pacific
salmon, Dolly Varden, rainbow trout, Arctic gri\yling, lake trout, and
burbot.

Tanana Subregion: Chuni salmon spawn in a number of tributaries of the
Tanana River. Silver salmon spawn and rear in the Chatanika and Salcha
Rivers, and, Clearwater Creek. King salmon spawn and rear in the same
streams as the silver salmon, plus the Goodpaster, Delta, and Chena
Rivers. Grayling, whitefish, and northern pike,are present throughout
the area. Lake trout, sheefish, and cisco are scattered in the various
drainages. '
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Sport fishing is assisted by the extensive road system. The
Tanana drainage receives the greatest angling pressure in the interior
and arctic areas. Grayling receives more pressure than any other
species. Other species sought are lake trout, sheefish, and whitefish.

W.ILDLIFE--BIRDS

Cook Inlet Subregion: Primary waterfowl habitat lies in tne Matanuska
Susitna River glacial outwash plain and the Kenai lowland. Trumpetf;!r
swans are the most important breeding waterfowl; geese do not nest in
appreciable numbers. and ducks are in lower numbers than in interior
habitats. During migration, however, some areas become highly impacted
with ducks and geese. As many as 70,DOO have been estimated to be in
the Susitna River valley at one time.

Coastal areas support moderate populations of bald eagles and
peregrine falcons. Rainy, Broad, and Windy Passes are migration routes
for peregrines which move through the Susitna River valley.

Golden eagles and gyrfalcons occupy the more upland areas. Great
horned owls, great grey owls, and rough-legged hawks are some of the
characteri sti c raptors of the spruce-birch forest of the more northern
areas. Other raptors known to breed in this sUbregion include goshawks,
sharp-shinned hawks, red-tailed hawks, Harlan's hawks, marsh hawks,
ospreys, pigeon hawks, and short-eared owls.

Colonial nesting seabirds are not abundant; however, several
colonies have been identified and others probably exist.

The marshes and 1ake shores support a host ofshore and wadi ng
birds and the entire subregion is host at one time or another to most of
the passerine species that occur in Alaska •

.Resident game birds of forest and other habitats are the spruce
grouse and the willow, rock and white~tailed·ptarmigan.

Gulf of Alaska Subregion: Prince William Sound is an important migra
tion route for many species of waterfowl.

The Copper River delta and the Bering Glacier outwash plain contain
about 15-18 townships of exceptional value to waterfowl. This region
is the principal nesting area for the.world's population of dusky
Canada geese, and may produce more ducks per square mile than any other
known area in Alaska except the Yukon Flats. Trumpeter swans reach
their greatest densities here. In spite of its unique nesting populations,
the delta is probably most important as a staging and feeding area for
migratory fowl bound to and from the· arctic and subarctic nesting areas
to the north. .
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At the confluence of the Bremner and Copper Rivers, 40 miles from
the mouth of the latter, are several townships of trumpeter swan habitat
second only to the Copper River delta in importance.

The entire coastal area is habitat for seabirds of various species.
At least 48 major seabird colonies have been identified in this subregion,
and undoubtedly many more exist.

The nearly 200 square miles of tidal flats in Orca Inlet and the
Copper River delta probably support one of the greatest remaining
concentrations of birdlife· in existence.

Resident game birds of forest, treeless, and other habitats are
spruce, ruffled, and sharp-tailed grouse; willow, rock, and white-tailed
ptarmigan.

Tanana Subregion: This subregion includes waterfowl habitat along the
Tanana River and on tributary streams. Although it is primarily a
production area, large numbers of ducks and geese utilize portions of
the subregion as resting and foraging areas during migration. Primary
species are trumpeter swans, white-fronted and lesser Canada geese,
widgeons, scaups, pintails, green-winged teals, mallards, and canvasbacks.
Nearly all major rivers of the interior regions have small intermittent
areas of flood plains that are utilized extensively by nesting waterfowl.

Peregrine falcons, ospreys, and bald eagles are known to nest in
the Tanana valley. Other raptors present throughout the area include:
goshawks and sharp-shinned hawks; great-horned, great grey and boreal
owls, generally in forested areas; and red-tailed, Harlan's, Swainson's,
rough-legged, marsh, pigeon, and sparrow hawks and gyrfalcons (the
latter usually above 2,500 feet elevation). Snowy and short-eared owls
range over the open country;

The only seabirds likely to be found in this region are herring,
mew, and Bonaparte's gulls, Arctic terns, and long-tailed jaegers.

Resident game birds of forest and other habitats are spruce,
ruffed, and sharp-tailed grouse, and willow, rock, and white-tailed
ptarmigan.

WILDLIFE--MAMMALS

Cook Inlet sUbre1ion: Some of Alaska's densest black bear populations
live on the kena Peninsula, in the Susitna valley, and in the mountains
between Turnagain and Knik Arms. Density is lower in the interior
regions.
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The brown-grizzly bear is common throughout the subregion with

lowest numbers in the Anchorage area and western Kenai Peninsula.

Wolves are most common in the interior and Susitna drainage portions
of the subregion.

Wolverines are common throughout, except in areas of high popu
lation. They are most abundant in the interior portions of the subregion.

Several herds of barren ground caribou use portions of the sub
region: the Nelchina herd in the northeast section, the HcKinley .herd
in the northcentral section, and the Kenai herd on the Kenai Peninsula.

Dall sheep are present throughout the Alaska Range, Talkeetna,
Chugach, and Kenai Mountains. Populations fluctuate in response to
weather, range condition, and susceptibility to predation.

Hoose are abundant throughout the subregion except in the high
mountains. The Susitna Valley supports an excellent population, but the
premier area is the Kenai National Moose .Range, which boasts the highest
population per unit of area in the world.

Mounta in goats are found in low numbers in the Talkeetna ~lounta i ns
and in moderate Rumbers on the Kenai Peninsula Range within the subregion.

Marine mammals that inhabit the waters of lower Cook Inlet are
harbor seal, sea lion, sea otter, and various whales.

Other smaller mammals present include lynx, red fox, land otter,
mink, marten, short-tailed weasel, beaver, muskrat, and snowshoe hare.

Gulf of Alaska Subregion: Black bears live throughout the subregion.
Population varies .from relatively high levels along the coastal areas to
moderate levels in the interior areas.

Brown-grizzly bears are found throughout the subregion; the bears
are less common on the west side of Prince William Sound than on the
east. They are more numerous in the interior than along the coast.

Wolves are relatively abundant in the ·interior portions of the
subregion, but quite scarce along the Prince William Sound coast. The
interior population numbers about 300.

Wolverines are abundant in the interior, but not as common along
. the coast.
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Sitka black-tailed deer are primarily confined to islands of
Prince William Sound, but some occur on the mainland in the Cordova
area .

. Barren ground caribou inhabit the interior portion of· the sub-
, region, which contains a sizable amount of the Nelchina caribou herd's
I. winter range. . '.

Two distinct bison herds, the Chitina and Copper River, exist in
the subregion.

Some of the most important Dall sheep range in the State is con
tained in this subregion.

Moese occur in greatest concentrations in the interior portions of
the subregion, but have suffered a severe decline in recent years.

Mounta in goats are abundant in the mounta insof Pri nce Wi 11 iam
Sound,· but present only in low numbers in the Wrangell Mountains and
interior portions of the Chugach Mountains.

After being nearly wiped out in the 19th century, sea otters have
made an amazing recovery. There are now about 6,000 in the Gulf of
Alaska. Harbor seal, Steller sea lion, and various whales are in the
Gulf .

Other smaller mammals present include lynx, red fox, land otter,
mink, marten, short-tailed weasel, beaver, muskrat, and snowshoe hare.

Tanana SUbre~ion: Black bears live throughout the area. Grizzly bears
are usuallyound in ~lpine-subalpine areas and· sporadically in lowlands.

Wolves range throughout the area, even near Fairbanks. Population
densities are generally high.

Wolverines occur throughout th' area.

Barren ground caribou of the Delta, Forty-Mile, McKinley, Mentasta,
and Chisana herds use portions of this sUbregion.

Sizable Dall sheep populations are supported by habitat in the
Alaska Range, Mentasta-Nutzotin Mountains, and Tanana Hills-White
Mountains.

Moose are widely scattered and relatively abundant throughout the
. subregion.

Other smaller mammals present include lynx, red fox, land otter,
mink, marten, short-tailed weasel, beaver, muskrat, and snowshoe hare.
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AGRICULTURE AND RANGE

Cook Inlet,Subre~ion: There are approximately 2.6 million acres suit
able for productlon of cultivated crops in the Cook Inlet-Susitna
lowlands up to elevations of 1.500 feet. Roughly 30 percent is located
on the west side of the Kenai Peninsula; the balance is located in the
valleys of the Matanuska and Susitna Rivers and their, tributaries. with
a small part near the lower Beluga River. ~1Qre than 70 percent, of the
State's current agricultural production is derived from these areas of
the subregion.

In general. on,ly, the northern portions of the, lowlands receive
enough moisture for,continued.intensjve use. Most of the area will
require irrigation fpr best results. The growing s,eason aV,erages up to
110 days at lower elevations. adequate for all cool-weather crops
except in the northern parts where it drops to 87. The index of Growing
Degree Days bthe cumulative total number of degrees of mean daily tempera
ture over 40 F for the year) varies from 1.355 in the south. to 1.940 in
the mid-region and 1.785 in the northern portions. This index decreases
by about 300 for each thousand-foot increase in elevation. These factors
impose limitations' as to which crops may be produced successfully at
different locations. At present. less than 1 percent of the land is in
production. and gross income is less than $4 million.

The subregion's grazing season averages about five months. Limited
grasslands occur on the lower Kenai Peninsula. stream deltas. higher
slopes. and on burned-over forest 1ands. Woodl and pastures are generally
of marginal value., The short grazing season is a distinct disadvantage
whi ch mayor may not be overcome by proximi ty of cropl ands. '

Gulf of Alaska Subre~ion: Potential agricultural and range resources of
the subregion are malnly along the Copper and Chitina River valleys.
Narrow coastal strips and stream deltas along the coast might be grazed
during the summers. with removal of the animals imperative for the
balance of the year.

Cl imate of the interior is continental in nature with warm summers
and cold winters. Elevation is generally 1,000 feet or more. The area
lies in the "rain shadow" of high coastal mountains. and summer precipi
tation is typically below 10 inches. The proximity. of very high mountains
and downward flows of cold air combines to render the area susceptible '
to summer frosts and limits, reliable agricultural production to gardens
and forage crops.

In its natural forested state. the lower land area has relatively
little range forage value.
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Some 70 farms are located in the subregion, mostly active in the
Kenny Lake area. None are operated on a. full-time basis. With the long'
winter feeding period, it is unlikely that any extensive livestock
industry will develop in the near future. .

Tanana Subregion: Some 3.6 million acres are suitable for production of
cultivated crops. The crop lands include approximately 810,000 acres
which are lowlands of the Tanana and tributary rivers, another 840,000
acres located on the northern foothills of the Alaska Range and Kuskokwim
Mountains, generally south and west of Nenana.

The Tanana and upper Yukon subregions share the greatest tempera
ture extremes in the State. Higher elevations and lowlands with poor.
air drainage are subject to danger of summer· frost. • Aside from these
local drawbacks, the subregion has the best record in the State for
maturing hardy grains, normally the highest criterion for assessing
northern agricultural potentials.

Fairbanks, approximately in the middle of the agricultural area,
averages' 1,996 growing degree days, 57 days with temperatures 700 F or
over, ·89 frost-free days, and 8.06 inches of summer precipitation. This
is both warmer and drier than either Tanana or Delta Junction, but the
entire area is suitable for cool weather forages, vegetables, and hardy
small grains. For sustained commercial production, fertilizers are
necessary and irrigation is highly desirable.

There are no extensive grass range lands for a livestock economy.
However, with improved range near crop lands, shelter, and hardy animals,
the subregion could have a carrying capacity of approximately 650,000
anima1 units.

FORESTRY

Cook Inlet Subregion: Four forest ecosystems are represented in the
subregion. The coastal Sitka spruce-western hemlock ecosystem is
located on the Kenai Peninsula and the lands west of Cook Inlet. It
covers 1,641,000 acres. The bottomland spruce-poplar forests cover
675,000 acres and are located primarily in the Susitna and Matanuska
Valleys where spruce and cottonwood are of important commercial value.
The upland spruce-hardwood forest covers a large area of 3,570,000
acres, and has commercial forest stands on about one-fourth of the
acreage, primarily in the Susitna Valley. The lowland spruce-hardwood
forest ecosystem has a land area of 2,867,000 acres, and can be con
sidered noncommercial. "Commercial" refers strictly to an annual
volume growth rate, not to whether the timber is accessible, or has an
economic commercial value or a market.
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~f the 6,362,000 acres of inventoried forest land, 'commercial and
subcommercia1 forests occupy 4,004,000 acres and noncommercial forests
2,348,000 acres. The commercial forest land contains 7.0 billion board
feet (International 1/4 inch rule) of sawtimber, of which 2.7 billion
board feet are hardwood--primari1y cottonwood, and 4.3 billion board
feet are white and Sitka spruce. An additional 66.1 mill ion board feet
of dead but salvable timber could be added to the above.

The average vol umei s approximately 1,752 board feet/acre but can
range from 100 board feet/acre to about 25,000 board feet per acre. A
general rule of thumb is 15 percent deduction for defect and cull. Stand
stocking is generally not as high as it could be if the stands were
fully regulated and m~aged. Regeneration appears to be adequate. In
general, the trees reach maturity for harvesting in 80 to 100 years,
depend i ng on site and product to be manufactured. The total net growth
volume is about 1.8 billion board feet.

The growth volume for the entire subregion is sufficient to supply
several pulp mills, particle board mills, or large sawmills if the
forested lands were properly developed and managed for timber production.
Presently, only a few small mills cut timber fOr various local use
products. Some cants are produced for export to Japan for further
processing. Some cottonwood logs have been exported to determine their

, suitability for paneling. Local markets exist and are expanding, and
local and foreign demand for timber is increasing.

Gulf of Alaska Subregion: The interior forest of three different forest
systems covers a' total of 4,998,000 acres. The bottom land spruce
poplar forest ecosystem, 303,000 acres, is located primarily in the
Copper and Chitina River valleys and can be considered essentially
commercial forest land. The upland spruce-hardwood forest covers
2,211,000 acres and has local stands of commercial spruce and'hardwoods.

, Most of the forest stands in this ecosystem are noncommercial
because of their,slow growth due to poor site conditions. The lowland
spruce-hardwood ecosystem covers 2,484,000 acres and is noncommercial
throughout.

The best timber production land isin Native village withdrawals
and Native regional deficiency areas. The major acreage of forested
land l.ies in Federal control.

Two fores't i nventori esw'ere conducted in the subregion; an exten~

sive inventory covering the entire basin, and a relatively intensive
inventory covering the better bottom land forests. The following data
are taken from the basin-wide inventory which lists 4,431,000 acres of
total forest land·for the Copper Riverba:s;n ofwhich,1;178,000 acres
are commercial and subcommercia1 timber and'3,253,000 acres are non
commercial. Of the 2,064,000 acres of coastal forest, about 901,000
acres are considered commercial and subcommercia1.
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Total standing volume in the interior forests is 1.5 billion board
feet (International 1/4 inch rule) consisting of 1.4 billion board feet
of spruce and 52.5 million board fe!!t of hardwoods, half of which is
birch. Average volume per acre is 1,240 board feet and total annual
volume growth is 28.5 million board feet. This volume can be considered
the potential sustained yield for the entire Copper River basin.

The total volume of the coastal forests is about 19.8 billion board
feet (International 1/4 inch rule), 67 percent of which is Sitka spruce
and 28 percent is western hemlock. The potential annual harvest on the
Chugach National Forestlands is 103 million board feet (International
1/4 inch rule) plus an additional 20 million board feet from other
lands.

Regeneration in both coastal and interior forest systems appears to
be adequate but could be improved with higher stocking density. Rotation
ages for the interior forests are about 100 to 120 years and 70 to 210
years in the coastal type.

Several sawmills operate in the subregion, some sporadically and
others, like the mills at Seward and Whittier, on a full-time basis. The
mills produce a variety of products for local markets and cants for
export to Japan.

Tanana Subregion: The three Interior forest ecosystems occupy a con
siderable area in this subregion. The bottom land spruce-poplar eco
system (L2 million acres) is found in the flood plains and on river
terraces along all the majorstreams--primari1y the Tanana River. This
system can be considered commercial throughout its ,range.,

The upland s'pruce-hardwood ecosystem has the greatest area, 7.3
mill ion acres. It is partly corrrnercial depending on the site.r·1uch of
the forest is noncommercial because the trees are very slow growing and
occupy si1:es with thin soils, steep and dry hillsides, and northerly
slopes. '

The lowland spruce-hardwood ecosystem is found on poorly drained
soils, usually in muskeg areas, and covers 5,184,000 acres. ,11: should
be considered noncommercial throughout its range due to ,small size of
black spruce and hardwoods and extremely slow growth rates '. The term
commercial refers to trees or forest stands adding volume growth in
excess of 20 cubic feet per acre each year, and does not consider
access i bil i ty. '. " ,

The total volume of commercial and subcommercia1 standing timber is
about 6.2 bill ion board feet. About 5. 2bi 11 ion board feetof this are
spruce and about '1.0 billion board feet are hardwoods (primari1y'birch);
The overall average gros~:vo1ume i.'sl,265 board feet/acre and the total
annual volume growth is about '26;5 million board feet.

-'
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~ This growth can be used as an indicator of the potential annual0' harvest for the entire subregion. Regeneration appears adequate, but
·.0 most timber stands are naturally understocked and could produce more

volume if intensively managed. Although rotation rates have not been
precisely determined, they are estimated at 90 to 120 years depending on
the site. 0

. Several mills are currently operating in the subregion, some sporad-
ically and some full-time. Most of the mills are small size and saw
products for local use.

MINERALS AND ENERGY

Cook Inlet Subregion: Mineral resources are abundant, and in the future
will become more important to the Alaskan economy. Oil and gas produced
from fields in the Cook Inlet basin have far exceeded other minerals in
value.

The oil and gas-bearing sedimentary rocks of the Cook Inlet basin
may be as much as 25,000 feet thick. Reserves of 2.6 billion barrels of
oil and five trillion cubic feet of gas are estimated to exist in the
upper Cook Inlet. Total projected resources from the Cook Inlet Basin
may be as much as 7.9 billion barrels of oil and 14.6 trillion cubic
feet of °gas. The resource estimates include both onshore and offshore
areas.

Coal resources are large and exceed more than 2-1/2 bill ion short
tons.o Coal is present in the Broad Pass, Susitna, Matanuska, and Kenai
Tertiary coal fields. Broad Pass coal ranges from subbituminous on
Costello Creek to lignite at Broad Pass. Reserve estimates for the
Broad Pass field are 64 million tons of indicated coal. The Susitna
coal deposits are in the basins of Beluga and Chulitna Rivers and are as
much as 2.4 billion short tons less than 1,000 feet deep. The Matanuska
coal is in the Chickaloon formation ranging in beds up to 23 feet in
thickness. Ito is high volatile bituminous in rar:Jk, and some have coking

.sp.roperties. 0 The Anthracite Ridge contains s~mianthracite coal beds.
The total resource estimates are 137 million short tons less than 2,000
feet deep. The Kenai field has at least 30 coal beds from three to
seven feet in thicknesso and ranging from subbituminous to lignite in
rank. Estimated resources are about 318 million short tons less than
1,000 feet deep.

o • •

Geothermal potential is high in the south part of the Alaska
,Range, where a volcanic belt is locally surmounted by volcanoes and lava
fields; some of the volcanoes are still active and indic.ate deep heat. _. ,

reservoirs.

Clay deposits which can be used~for brick manufacturing occur at
PointWoronzof in the Anchorage area, at Sheep Mountain in the upper
Matanuska. Valley, and near Homer on the Kenai Peninsula.



Gypsum deposits occur on Sheep Mountain, about 50 miles northeast
of Palmer. Reserves are calculated at 310,800 tons of indicated and
348,000 tons of inferred gypsum rock averaging 25 to 30 percent gypsum.

Limestone deposits of nearly pure calcium carbonate occur in the
drainage of the Kings River and in Foggy Pass near Cantwell.

The Cook Inlet Subregion is traversed by numerous metal provinces.
The subregion contains deposits of gold, silver, antimony, iron, chromite,
molybdenum, copper, lead, and zinc. Like most of Alaska, past metallic
production has been primarily gold, about one million ounces. In addition,
nearly 300,000 tons of chromite ore and small amounts of copper ore have
been produced.

Gulf of Alaska SUbre~ion: High oil and gas potential exists in the
coastal section with,n the Gulf of Alaska province. The many oil and
gas seeps and petroliferous beds in sedimentary rocks, which exceed
25,000 feet in thickness, have attracted intensive exploration by
industry. Interest has now shifted to the outer continental shelf where
the presence of many folds, the possibility of reservoir rocks, and lack
of intense deformation indicate high possibilities of petroleum deposits.
The Copper River lowlands have low to moderate oil potential.

Coal-bearing rocks have been mapped over 50 square miles near
Bering and Kushtaka Lakes in the Bering River coal field. Similar rocks
appear in the Robinson Mountains east of Bering Glacier. The coal
ranges upward from low volatile bituminous in the southwestern part.
The beds are a few feet to 60 feet thick. The coal in part of the field
has coking properties.

Geothermal energy potential is high. The Wrangell Mountains are
the site of recent volcanic activity and provide a favorable environment
for heat reservoirs.

Some potential for cement may exist in the limestone beds exposed
near McCarthy. The beds are several hundred feet thick and quite extensive.

Sand and gravel deposits of economic significance occur in the
Copper River lowlands, the"Chitina Valley, and adjacent tributaries.

Metallic minerals occur in several districts. Lodes in many parts
of the Copper River region contain copper, gold, silver, molybdenum,
antimony, nickel, iron, lead, and zinc, but only gold, copper,"and by
product silver were" mined commercially. The Kennicott mines near McCarthy,
and mines in the southwestern and northeastern parts of Prince Will iam
Sound, accounted for most of the 690,000 short tons of copper produced
in Alaska. Two or three million dollars worth of gold and silver were
produced from lodes and as by-products of copper mining in the Prince
William Sound district. Gold placer deposits produced 35,000 ounces of
gold and a few ounces of platinum from the Chistochina, Slana, and
Nizina districts.
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Gold and copper lodes are in the Seward district and,eastern part
of the Kenai Peninsula. Copper, gold, silver·, and molybdenum lodes are
between the Chitina· River and the crest of the Wrangell Mountains.
Other mineralized sites occur throughout the subregion.

Tanana Subregion: Low potential for oil and gas li!xist in the basins
within the subregion. There may be potential for gas in connection with
coal beds in the Tanana Basin. The remainder of the subregion is under
lain by rocks that are nonporous or too structurally complex for petroleum
accumulation. .. .

Large coal deposits exist in the young basins which flank the
northern front of the Alaska Range. The coal deposits in the Nenana
coal field have been mined since about 1918 and are presently producing
about 700,000 tons per year. The coal is lignite to subbituminous,
occurs in beds 2-1/2 feet to over 50 feet in thickness, has low sulfur·
content, and is used for power generation and domestic use in Fairbanks.
Coal resources for all fields in this belt are estimated at nearly 7
billion tons located less than 3,000 feet deep.

Geothermal potential is present in the subregion.

Sand and gravel potential is high. Outwash deposits fronting the
Alaska Range are economically significant. The Nenana gravel near Healy
could be utilized. Other localities with potential for sand and gravel
occur in the floodplains of the Tanana River and its major tributaries.

Limestone containing a high content of calcium suitable for cement
occurs in outcrops at Windy Creek and Foggy Pass near Cantwell and the
railroad. Other deposits of limestone are in the Minto Flats-Dugan
Hills area west of Fairbanks.

Metallic minerals are present in a number of districts. The
mineral potential of the Hot Springs district is moderate and contains
silver, lead, minor amounts of gold, iron, copper, and other copper
associated minerals. Chromite is found south of Boulder Creek. Nickel
minerals are found in the vicinity of Hot Springs Dome.

Tolovana district lodes contain gold,. silver, antimony, mercury,
chromium, nickel, and iron.

Fairbanks district lodes have produced important amounts of gold
and small quantities of silver, lead, tungsten, and antimony ore.

Delta River· district lodes contain gold and silver, molybdenum,
antimony, copper, lead, zinc, nickel, and chromium minerals.

The Chisana district is well known for its lode deposits of gold,
copper, silver, lead, zinc, molybdenum, iron, and antimony. Lode
production from the Nabesna mine was substantial and consisted of gold
and subordinate copper and silver.
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HUMAN RESOURCES
,

Population: Since 1930, Alaska's rate of population growth has exceeded
that of the contiguous United States, and even-that of the western
states. This population growth has been characterized by a relatively
high rate of natural increase which accounted for 60 percent of the 1950
to 1960 growth, and 81 percent of the-growth between 1960 and 1970.
Increases in military population were significant in Alaska's growth up
to 1960. after which it has remained fairly stable at about 33,000
persons, accounting for about 9 percent of total-population.

Earliest records indicate that Alaska's population, around 1740 to
1780, consisted of an estimated 74,500 native people. Of this total,
40,000 were Eskimos, 16,000 were Aleuts, 6,900 were Athabascan Indians,
and 11,800 were Tlingit, Haida and Tsimpshean Indians. The native
population declined from that time to the early 20th century, apparently
because of social disruption and disease. About 1920, improved economic
and health conditions reversed the decline in the native population
which is now growing rapidly but has yet- to reach the level of the late
1700's.

The following table shows the proportion of native residents in the
various census divisions of the study area.

Percent of Native Population in the Study Area
By Census Division, 1970

Census Division

Anchorage
Cordova-McCarthy
Fairbanks
Kenai-Cook Inlet
Matanuska-Susitna
Seward
Southeast Fairbanks
Valdez-Chitina-Whittier
Yukon-Koyukuk

Population

124,542
1,857

45,864
14,250
6,509
2,336
4,179
3,098
4,752

%Native

3
- 15

4
7
4

11
12
23
46 -_

Source: Adapted from information in the 1970 Census and from the
University of Alaska, Institute of Social, Economic and
Governmental Research, March 1972, Vol. IX, No.1.

Published in: Alaska Statistical Review. Department of Economic
Development, Dec. 1972.
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A high rate of natural increase plus migration.boosted the population
from 128.000.in 1950 ,to 227.000 in 1960. By 1970. the population had
advanced to 302,000 and it is now estimated to be 386,000. The following.
table shows Rail belt area population in relation to St(ite totals:

Study Area Population As Percent of Total !I

Year Total Alaska Study Area Percent of .Total

1880 . 33.426 6.920 21
1890 32.052 8.445 26
1900 63.592 15.600 25
1910 64.356 25.964 . 40
1920 55.036. 19.137 35
1940 72.524 25.226 35
1950 128,643 73.101 57
1960 226.167 157.979 70
1970 302,173 220.271 .73
1973 330.365 245.291 74

Source Note: Population statistics for 1960 and prior years are from
G.W. Rogers and R.A. Cooley. Alaska's Population and Economy.
allpopu'lation statistics for 1970 are from the U,S. Census.
and population estimates for 1973 are from the Alaska
Department of Labor.

Published in: Alaska Statistical Review. Department of Economic.
Development. Dec. 1972. . . ." ; .'

1/ The boundaries of the study area do not coincide with census
districts and. therefore. population figures for the study area are
approximate.
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The Southcentral Railbelt area of Alaska contains the State's two
largest population centers, Anchorage and Fairbanks, and almost three
fourths of the State's population. The Anchorage area alone has over
half the residents in the State.

Employment: Alaska's civilian workforce amounted to 148,900 persons in
1974. The largest sector was government with 30 percent of the number
employed. :Thenext most important sector was trade followed by the
service sector. The following table provides a tabulation of Alaskan
employment. .

LABOR FORCE SUMMARY - 1974

Annual Average

TOTAL

Total Unemployment
Percent of Labor Force

Total Employment

TOTAL Non-Agricultural

. Mining
Metal Mining·
Oil and Gas
Other Mining

Contract Constru~tion

Manufacturing
Food Processing
Logging-Lumber and Pulp
Other Manufacturing

Transp.-Comm. &Pub. Utilities
Trucking &Warehousing
Water Transportation
Air Transportation
Other Transportation
Comm. and Public Utilities

~ Trade
Wholesale
Retail

Gen. Mdse. and Apparel
Food Stores
Eating and Drinking Places
Other Reta11

36

148,900

14,900
10.0

134,000

128,200

3,000
200

2,600 .
200

14,100

9,600
4,300
3,600
1,700

12,400
2,200
1,000
4,000
1,300
3,900

21,100
4,000

17,100
.4,100

2,000
5,000
6,000



LABOR FORCE SUMMARY - 1974 (continued)

Finance-Ins • and Real Estate

Services
Hotel, Motels, and Lodges
Personal Services
Business Services
Medi ca1 Servi ces -
Other Servi ces

Government
Federal
State
Local

Misc. and Unclassified

Source: Alaska Department of Labor
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4,900

18,300
2,500

800
3,000

~ 3,800
8,200

43,800
18,000
14,200
11,600

1,000



Location quotients compare the share of total personal income from
an industry in Alaska to the share of total personal income arising from
the same industry for the United States. A quotient greater than one
indicates that Alaska is more dependent on that industry than the U. S.
as a whole. The following table provides location quotients for the
various employment sectors.

Mining
Contract Construction
Manufacturing
Transportation. Communications. and

Public Utilities
Trade
Finance. Insurance. and Real Estate
Service
Government (Excludes Military)

1.6
2.2
.2

1.3
.7
.5
.7

2.8

3.7
1.8

.2

1.5
.8
.6
.8

2.3

Source: Derived from data in Survey of Current Business and Statistical
Abstract of United States. both compiled by the U.S. Department
of Commerce.

Published in: Alaska Statistical Review. Department of Economic
Development. 1972 Edition.

Alaska has experienced unemployment rates consistently higher than
the national average. In 1974. Anchorage and Fairbanks experienced an
average unemployment rate of 8.6 percent. somewhat lower than the
statewide 10 percent rate of unemployment. .

Income: The following table shows the per capita personal income for
Alaska. far west region; and U.S. average for 1970 through 1973. This
table reduces Alaskan income by a 25-percent cost of living adjustment
to show an estimated real per capita income relative to other parts of
the United States.
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Per C~pita PersOnal Iricome,for.A1aska,
Far West RegionSi and U.S. Average

Alaska
Percl!nt'
of U.S. Far West ' U. S.

~ Alaska -25% COL .Average Region Average

1970. $4,603 $3,452 87.'6 $4,346 ' $3,943
, 1971 '4,.907 ' 3,680 88.4 ' 4,535 4,164: , "

1972 . 5,141 3,856" 85.8 4,866 4,492
1973 5,613 4,210 85.6 5,322 4,918

, '

.source: Survey of Current Bus ine,ss

Published in: Alaska Statistical Review, Department of'Economic
Development, Supp1et11ent to December 1972 Edition.

Education: Enro11~ent in primary and secondary 'schoo1s grew at a slightly
faster rate than Alaska's total population over the period since state
hood. As of 1970, a significantly higher share of personal incomei"
Alaska went to education than for the nation, and Alaska's pupi1~teacher,'
ratio was slightly more favorab1~ than the U.S. average.

c '
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ECONOMY OF']HE STUDY'AREA

GENERAL

, The Southcentral Railbelt area of Alaska is the focus of continuing
substantial growth 'in economic activity.' Construction of the trans
Alaska oil pipeline'isproviding the primary impetus, with impacts
being felt in virtually all sectors of the economy. A continued high
level of Federal Government spending coupled with substantial State
spending is supporting the growth. This ~xpansion is expected to
continue .for at least five to seven years, supported largely byacti
vities of, or ,relating to, the petroleum industry. The following
provides an indication of these recent trends for the Alaskan economy.
(Unless otherwiSe noted, all tables and graphs in this section 9f the
report are taken from The Alaskan Econom~, Department of Conmerce and

,Economic Developll)ent,Mid-Year Review, 175.) "

ALASKAN ECONOMIC INDICATORS,

1970 1971 1972 1973 1974 1975"

Total H'~!iid~nt Population 302.4 311.0 322.1 330.4 351.2 ,386.3

.. labor f'=orcc 108.2 115.9 122.9 129.6 148.9 176.5

1 . Total Employ'ment 98.5 103.8 110.0 115.6 ' 134.0 160.5

~
Wage & Salary Employment 93.1 98.3 104.2 109.9 128.2 154.5
NlIrnl)C1 .Unemployed 9.7 12.1 12.9 13.9 14.9 16.0... Percent Unemployed' 9.0% 10.4% 10.5 % 10.7% 10.0% 9.1%

i en' ~age & Salary Payments. $.1,116.2 $1,283.7 $1,422.7 51.546.8, 52,078.0 $3,100.0
~ '0 TOlal Persollal Income 1,412.8 1.,548.3 1,697.1 1.957.8 2,398.0 3,500.0
,~ Alaska Gross Product 2,196.4 2,354.7 2,508.3 2.756.3 3,790.0 5,800.0

~ Estimatc5
,

, ,
" r

-, .
Source: 1970·'14 Personal Income from U.S. Deparlment of Commerce; 1970·73 Gross Product from Man in the Arcti

. Prog'ram: ISEGR. University of Alaska; 1974 Gross Product by Division of Economic Enterprise; 1975 Projection~ lr
Divisipn of ~r.on()mic Ente~prise. .
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r
MINERAL PRODUCTION

Exploration and development activity in the mineral industry is
increasing following a short slack period. A long-term trend of .
increasing value in mineral production continues. primarily reflecting
increased product prices as shown in the following table.

·MINERAL INDUSTRY INDICATORS
(Value in Thousands of Current pollars)

Production 1971 1972 1973 1974 P

Petroleum: Value $257,562 $235,444 $261,877 $438,540
Volume - 1,00042 gal. barrels 79,494 72,893 72.323 71,540

Natural Gas: Value $ 17,878 $ 18,463 $ 19,483 $ 29,668
Volume - MMCF 121,618 125,596 131,007 144,021

Sand & Gravel: Value $ 32,806 $ 15,214 $ 19,913 $ 24,938
Volume - 1.000 short tons 23,817 14,187 14,999 18.740

Gold: Value $ 537 $ 506 $ 695 $. 1,318
Volume - Troy ounces 13,012 8,639 7,107 8,185

Other Mi",~l"als: Value $ 14,040 $ 16,511 $ 26,821 $ 28,746

Total $322,823 $286,038 $328,789 $523,208

Employment

Pe"trolcum Industry 2,090 1,792 1,671 2,586
All Other Minerals 340 321 296 390

Total Mining 2,430 2.113 1,967 2,976

P Preliminary

Source: U. S. Department of the Interior: Bureau of Mines, Alaska Department of Labor.

Oil production in the Cook Inlet reached its peak in 1970 and has
been declining slowly since then. Continued development of proven
fields is expected until completion of Alyeska's pipeline allows Prudhoe
Bay oil to be produced. now projected for mid-1977. Copper. gold. and
coal are the primary objectives of current hard mineral exploration
activity. Despite the extensive mineral potential. the mining·industry
presently faces a proposed State severance tax on hard rock minerals.
strict environmental· constraints. and complicated land access problems
linked to native land claims and Department of the Interior land with
drawals. New interest in steam coal. particularly by the Japanese.
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will attract investigation of coal fields in the Matanuska Valley and
the,Rai1be1t vicinity. Further exploration of the Beluga River coal
fields is anticipated, accompanied by related research on refinement

processes.

FISHERIES

Of the world's 150 billion pound annual fish harvest, more than 4.5

billion pounds come from the waters adjacent to Alaska. Among the
states, Alaska usually ranks first in value of fish products produced,
and third or fourth in terms of volume. Salmon accounts for the largest

portion of the Alaskan fishing industry and the catch ,tends to be cyclic

from year to year as suggested in the following graph.

Value to Fisherman by Region
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The following table shows the size and value of the fish catch in
a region that closely coincides with the·study area.

CENTRAL ALASKA REGION CATCH AND GROSS· VALUE TO THE FISHERMEN
1960 - 1972 -

(Catch in Millions of Lbs., ·Value in Thousands of Dollars)

Salmon Shellfish Other Fish Total
'!.§!. Lbs. Value Lbs. Value Lbs. Value Lbs. Value

1960 84.2 $11 ,734 36.1 $ 2,789 6.1 $ 603 126.3 $15,126
1961 77 .0 9,463 54.5 4,380 4.1 495 135.5 14,338
1962 144.8 21 ,851 63.5 5,663 9.4 2,502 217.7 30,015
1963 93.3 11 ,906 70.6 6,409 11. 1 1,944 175.0 20,259
1964 146.4 16,958 64.7 6,147 8·.2 1,314· 219.3 24,419
1965 73.2 10,178 114.1 10,691 7.9 1,383 195.2 22,252
1966 116.6 17,163 144.3 13,142 15.6 3,117 276.6 33,421
1967 47.6 9,767 129.8 12,175 13.7 1,645 191.1 21,708
1968 111.8 17,680 90.8 14,492 12.7 1,546 215.3 33,719
1969 121.3 19,802 85.7 10,296 18.4 3,680 225.4 33,777
1970 140.1 23,774 13.6 12,025 15.6 4,882 269.3 40,681
1971 109.9 19,465 129.8 12,353 19.0 4,840 256.6 36,658
1972 73.3 16,344 140.9 17,049 19.6 9,380 233.8 44,773

Source: Alaska Department of Fish and Game

More recently, the fishery industry has experienced several difficult
and unstable years. The fishing industry was plagued by poor runs of
pink salmon statewide and the continuing decline of the Bristol Bay
fishery. Consequently, the total 1975 catch was at about the same level
as the previous year's poor harvest. The current depressed condition of
Alaska's salmon fisheries is considered a temporary phenomenon. Pros
pects for other fish varieties are mixed, dependent upon, among other
things, the possible establishment of a 200-mile exclusive fisheries
zone and harvesting at a rate that tan be sustained. Alaska bottomfish
potential appears to be high.

FOREST PRODUCTS

In general, Alaska's ·annual harvest of timber has increased steadily
since 1959. National forest lands provided over 85 percent of total
timber cut each year. About one-third of Alaska's 365 million acres
supports forest cover of varying density, size, and type. One-fourth of
this forested area is considered to have present or future commercial
development potential. This includes present production within the
study area west of Cook Inlet, near Tyonek, and in the Chugach National
Forest. In volume of timber processed, the vast m.;jority of production.
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is presently in the Tongassand Chugach National Forests •. The major
. product of the timber harvest is wood pulp. A sharp dec1 ine in the

timber harvest occurred in 1974 due primarily to a depressed market for
sawn products in Japan. The unusually healthy pulp segment more than
offset the poor performance of the lumber sector. however. The following
graph indicates recent industry trends. -

TIMBER HARVEST
250

~c
i
g,
-l
3'
l

700 %
!
=675 !.

i
650 ~

a
625. g,

g'
600 a.

"co
co

575 ~

~

~

.!'!

~ 200
c:
~
:;
u
'0
C 150
.~

~..
::l

~ 100

•,

""",,
",,..--------

- - • End Product Value

1969 1970 1971 1972 1973 1974

Sources: U.S. Forest Service, Alaska Division of Lands
U.S. Rurellll of Indian Affairs. U.S. Bureau of Land M:nagement.
illld U.S. Department of Commerce.

Despite the present slowdown. the Alaska Department of Economic Develop
ment predicts new markets in Japan and steady growth in Alaska's forest
products industry.
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TOURISM

Tourism in Alaska is a major industry with tourist volume increasing
at a rate of almost 15 percent per year since 1964. Approximately
240,000 non-resident pleasure travelers entered Alaska in 1974. Tourism
should continue to grow as transportation and facilities are improved.
The follow; ng graph i-nd i ca tes recent trends.

NUMBER OF TOURISTS ENTERING ALASKA
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As the transportation hub of the bulk of Alaska, the Anchorage area
realizes- the major share of this activity.
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OTHER INDUSTRIES

Other industries have in general paralleled the growth in the
, primary industries. ' Contract construction is especially healthy due to

pipeline construction activities, and the future ,would appear to depend
on conti nued resource development in the Sta te. Cons i stent growth over
the last decade has occurred in the trade and service industries, while
agriculture production has been relatively static. Recent changes to
more efficient and larger farms have put Alaskan agriculture in a more
solid position, and thepotentfally tillable landis extensive. The
government sector, already the largest contributor to the Alaskan
economy, continues to grow rapidly.

PRESENT POWER REQUIREMENTS,

To sustain the current population and level of economi,c activity in
the Southcentral Railbelt area, power is provided by several utility
systems as well as industrial and national defense power systems. ,",
The following table provides a sUlllTIary of existing generating capacity
as of mid-1974.

SUMMARY OF EXISTING GENERATING CAPACITY

Installed Capacity - 1000 kw
Diesel Gas Steam

Hydro IC Turbine, Turbine Total

Anchorage-Cook Inlet Area:
Utility System
Na ti ona1 Defense
Industrial System

Subtota1

Fairbanks-Tanana Valley Area:
Uti 1ity System
National Defense

Subtota1

Valdez and Glennallen

45.0 13.5 341. 7 14.5 414.8
9.3 49.5 58.8

10.1 2.3 12.4

32.9 344.0 b4.O 486.0

32.1 42.1 53.5 127.7
14.9 63.0 77.9

,41.0 105. 1 53.5 205.6

6.2 6.2

Notes: The majority of the diesel generation is in standby status except
at Valdez and Glennallen.

Source: 1974 Alaska Power Survey, Technical Advisory Report, Resources
and Electric Power Generation, Appendix A, and Alaska Electric
Power Statistics, 1960-1973, APA.

"
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The Anchorage-Cook Inlet area had a totai installed capacity of
414.8 MW in 1974. Natural gas-fired turbines were the predominant

, energy source with 341.7 MW of installed capacity. Hydroelectric
capacity of 45 MW was available from two projects. Elkutna and Cooper

'Lakes. Steam turbines comprised 14.5 MW of capacity and diesel generation.
mostly in standby service. accounted for the remaining 13.5 MW.

The Fairbanks-Tanana Valley area utilities had a total installed
capacity of 127.7 MW in 1974. Steam turbines provided the largest
block of power in the area with an installed capacity of 53.5 MW.
Gas turbine generation (oil-fi~ed) provided 42.1 MW of power. and diesel
generators contributed 32.1 MW to the ,area.

, The energy needs of the'Southcentral Railbelt area are estimated
by the Alaska Power Administration to more than double by 1985 from
the present 2 billion kilowatt~hours to 5.5 billion kilowatt-hours.
By the year 2000. the energy requirement is estimated to reach 15 billion
kilowatt-hours. The following sectiOn is a discussion of these energy
need projections as well as of the energy use and development assumptions
upon which they are based.
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PROJECTED ENERGY NEEDS

In its marketability analysis, Alaska Power Administration prepared
Rai1be1t area load projections for 1980, 1990, and 2000 under three
different growth scenarios .. These projections are based on the 1974
Alaska Power Survey, adjusted to account for more recent data, curr~t

. regional and sectional trends in energy and power use, and to eliminate
loads which would be too remote to be served from a Rai1belt trans
mission system.

The use·of a range of projections is necessitated by the wide
variation possible in future population and economic growth in Alaska
due to uncertainty regarding the controlling factors of cost, conser
vation technologies, available energy sources, types of Alaskan develop
ment, and national energy policy. All projections assume saturation
levels for many energy uses will be rea~hed and that rates of increase
for most individual uses will decline during the period of study. This
reflects assumed effects of major efforts to increase efficiencies and
conserve energy for all uses.

. In .accordance with APA's recommendations, the projections based on
the mid-range growth scenario were adopted for this study. The mid
range projection is based on utility system growth rates of 12.4 percent
for 1974-1980, 7 percent for 1980-1990, and 6 percent for 1990-2000.
National defense requirements are based on a 1-percent growth rate and
industrial requirements presume a gradual expansion of facilities.

The following table summarizes the mid-range load projections for
the Rai1be1t area.
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ESTIMATED RAILBELT ~REA POWER REQUIREMENTS - MID-RANGE GROWTH RATE

1974 Actual 1980 1990 2000
Peak Annual Peak Annual Peak Annual Peak Annual

Demand Engr9Y Demand Engrgy Demand Energy Demand . Engrgy
1000 kW 10 kWh 1000 kW 10 kWh 1000 kW 1'06 kWh 1000 kW 10 kWh

Util ities

Anchorage 284 1305 590 2580 1190 5210 2510 9420
Fa i rbanks 83 330 150 660 290 1270 510 .2230

Total 367 1635 740 3240 1480 6480 2660 11 ,650

National Defense

Anchorage 33 155 35 170 40 190 ' 45 220
.I>- Fa·irbanks 41 197 45 220 50 240 55 260
'"

Total 74 352 80 390 90 430 100 480

Industrial

Anchorage 10 45 50 350 100 710 410 2870
Fairbanks 1J

Total 10 45 50 350 100 710 410 2870 .

Total

Anchorage 327 . 1505 .675 3100 1330 6110 2605 12 ;51 0
Fairbanks 124 527 195 880 340 1510 565 2,490

Total 451 2032 870 3980 1670 7620 3170 15,000

1J Rounds to less than 10 MW for all years.



APA POWER REQUIREMENT PROJECTION METHODOLOGY

Several basic assumptions underlie Alaska Power Administration's
analysis. It'is assumed that boom conditions will give way to orderly
expansion in the 1980's and 1990's, with an annual growth rate for
electrical energy after 1980 similar to that experienced over the last
decade in the rest of the country--between 6 and 7 percent. The pre
sumption is also made that, barring major changes in technology that
,favor other forms of energy use, electrical power production will need
to anticipate and keep pace with the overall growth in population and
production.

APA's power requirement projections are a composite of three
sectors which were analyzed' separately. The first is composed of
utility system requirements, which includes residential, commercial,
light industrial, and industrial support services re'ldirements. The
second sector examined is national defense requirements, and finally
industrial requirements for resource extraction and processing, new
energy-intensive industries"and heavy manufacturing are explored.

Utility System Requirements: Utility system load estimates were com
piled for existing individual systems for the years 1980 and 1990; these
were then extended through 1990 to the year 2000. The mid-range extends
the growth rate to 1980 at about 12 percent, somewhat less than the past
decade's historical rate of 14 percent for the Railbelt area. Higher
and lower range utility load estimates for 1980 assume about 20 percent
more and less growth than the mid-range estimate. It is then assumed
that somewhat lower growth rates would prevail in subsequent decades.
Growth rates of 9 percent in the 1980's and 8 percent in the 1990's are
considered to represent fairly rapid development of th ,Alaska economy"
in those two decades. The lower range estimates are cl':'lsidered to '
represent fairly modest growth.

ASSUMED ANNUAL UTILITY GROWTH RATES IN PERCENT

ESTIMATE:

Higher Range
Likely Mid-range
Lower Range

1974-1980

14
12
11

1980-1990

9
7
6

1990-2000

8
6
4

National Defense Requirements: Future power requirements for national
defense facilities were premised on the 1974 power use for the major
bases and an assumed future growth of approximately one percent per
year. These estimates are lower than presented in the 1974 Alaska Power
Survey, which assumed a growth rate of 1.7 percent.
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If. Industrial Re uirements: Industrial use (as defined by APA for purposes
~•. 0 t 1S ana ysis accounts for about 2 percent of the Railbelt area's
I; 1974 total power requirement .and is expected to grow to 19 percent in
f 2000. according to the mid-range projection; This remains well below.·
f the industrial share nationwide. The industrial requirement is the most

speculative aspect.ofthe projection because it, is very difficult: to
foresee the timing of new facilities. •.

The analysis assumes a high probabil ity of major new minera,l
production and processing. Also expected are significant further
developments in timber processing" and it is assumed that Alaska energy
and the availability of other resources such as water, industrial
sites, and port sites will attract energy-intensive industries. .The
primary data source for the industrial sector projections was a 1973
study by the Alaska Department of Economic Development. That,study
included review and estimates of power requirements for Alaska ',s fishery,
forest products, petroleum', natural gas, coal, and other mineral i'ndus- .
tries, all premised onsignfficant.identified resource PQtentials and on
power needs for similar developments elsewhere. Several qual ifying
assumptions were made by·APAtoadapt this study for use in the marketa-
bil ity analysis. . .

1. POI'!~r r,equire"1ents for fish processingindustries.and.support
services for industria,l development are not included, having already
been addressed in the liutll ity requirement" portion of the analysis. .

2. Estimated mineral industry ·loads (except for petroleum and
related industry) for the year 2000 were adopted as APA's "higher
range" estimate, with estimates for 1980 and 1990, reflecting antici
pated minimum lead times for developing the resources involved. The
mid-range estimate assumes a 10-year deferral of the Department of
Economic Development's projected growth scenario, and the lower range
estimate a 20-year deferral.

3. Power requirements assumed for Alaska petroleum and petro
chemical industries are smaller than estimates in the reference study,
based on expectations that most Alaska oil and gas production would be
exported during the period of the survey. For example, the mid-range
estimate assumes 7 percent of petroleum industry loads estimated in the
reference study.

4. A somewhat slower pace of development was assumed for forest
products industries.

All of the above qualifying assumptions, with the exception of No.
1 which had a neutral effect, were downward adjustments, decreasing the
estimates of the basic study. Specific industrial development assumed
for the study is presented in Section G, Appendix 1. Only planned
expansions to existing facilities and realistically identifiable new·
industry closely tied to proven resource capabilities were assumed.
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SUMMARY

When combined,. the composite annual growth rates for the projected
power requirements are as indicated in the following table.

COMPOSITE ANNUAL GROWTH RATES FOR ELECTRIC POWER
{Percent} .

ESTIMATE:

Higher Range
Li ke1y Mid-range
Lower Range

1974-1980

12~ 4
9.6
7.5

1980-1990

20.2 Jl
6.7
5.8

1990-2000

3.0
7.0
4.0

1/ 'This high rate is caused by the assumed introduction of a 2500MW
- nuclear fuel enrichment plant as an example of a possible large

industrial load. Without this load, the 1980-1990 growth rate
would be 9.3 percent and the following decade's would be 6.6 per
cent. No such load is assumed for the mid and lower range
projections.

,.

The three growth projections are displayed in the following graph
and compared to the last decade's historical growth rate of 14 percent
projected to the year 2000. . .

Revised 1 Jun 1976
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The graph below depicts the relative shares through time of the
three demand sectors analyzed by APA. Utility system requirements
include residential, commercial, light industrial, and industrial
support services needs. Industrial requirements are comprised of
resource extraction and processing, new energy-intensive industries,
and heavy manufacturing.

COMPOSITION OF ENERGY REQUIREMENTS THROUGH TIME
(MID-RANGE ESTIMATES)
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This graph clearly indicates that the prime determinants of future
energy needs are expected to conti~ue to be residential, commercial, and
light industrial uses of energy. The energy use in these sectors is
primarily determined by energy use habits, population, and economic
activi ty.

Energy Use Assumptions: APA has assumed substantial savings in energy
consumption due to increased efficiency and conservation in energy use.
Both of these effects are expected to .resu1t from imminent and probable
future increases in Alaska energy costs.

Population Assumptions: APA's population assumptions, based on a wide
range of State and Federal agency, as well as financial and academic
institution projections, tend to be somewhat ,conservative when compared
to the most recent projections which more adequately incorporate existing
economic realities. For instance, the Institute of Social, Economic,
and Government Research of the-University of Alaska, employing a recently
formulated econometric model (the MAP model) and the most likely develop
ment scenario, predicts an annual population growth rate of about 5
percent for the Railbelt area through 1990. Current MAP model as well
as National Bank of Alaska (NBA) population estimates both exceed those
earlier projections that were· cited in the 1974 Alaska Power Survey.
The following table compares population projections based on a continu
ation of 1960-1970 annual growth of 3 percent with f1AP and OBERS esti
mates. OBERS projections are prepared ·by the U.S. Departments of Commerce
and Agriculture for the U.S. Water Resources Council.

STATE POPULATION ESTIMATES (1000's)

1960 1970 1975 1980 1990 2000
~ - - -- -

Actua1 226 302 386 (est.)
3 percent Growth (Alaska Power Survey) 410 550 740
MAP 471 738
NBA 500
OBERS (Series E) 333 391 438

OBERS projections are inappropriate for use in this study as a basis of
population estimation in Alaska as evidenced by the fact. that the actual
197? Alaskan population almost equals the 1990 OBERS projection.

EconomicAc 'Ivit,>' Assumptions: With regard to economic activity, the
M mo e -rees with A~A'S assumption of steady economic growth following
the present boom period. To 1980, gross product is projected by the ~1AP

model to increase at an annual rate of 7.0 percent in the Anchorage
Fairbanks area, followed in the next decade by an annual growth rate of
6.0 percent. National Bank of Alaska considers this a somewhat con
servative estimate.



Not all of the subregions will share equally in this growth. The
Anchorage-Cook Inlet subregion has been the focal point for most of the
State's growth in terms of population, business, services, and industry
since World War H. Because of its central role in business, commerce,
and government, the Anchorage area is directly influenced by economic
activity elsewhere in the State. Present and proposed activities indi
cate a high probability of rapid growth in the Cook Inlet area for the
foreseeable future. Much of this activity is related to oil and natural
gas development to include expansion of refineries at Kenai, proposed
LNG exports to the continental United States, and probable additional
offshore oil and gas production. The area will continue to serve as the
transportation hub for most of Alaska and the proposed capital relocation
would provide additional impetus for growth.

Fairbanks, 'in the Tanana subregion, is Alaska's second largest
city, the trade center for much of Alaska's interior, service center for
two major military bases and site of the University of Alaska. Currently,
it is in the midst of a major boom connected with the construction of
the A1yeska pipeline. It is generally fe1 t that postpipe1 ine growth in
the Fairbanks area will be at a slower pace than that of the Cook Inlet
subregion. Major future resource deve10~ments in the interior and north
slope would have direct impact on the Fairbanks economy.

Like Fairbanks, the two major load centers of the Gulf of Alaska
subregion, Valdez and Glennallen are heavily impacted by pipeline
construction. Longer range prospects indicate a more stable economy
associated with pipeline and terminal operations and with recreation.

Institutional Considerations: Energy projections for Alaska are of
necessity more speculative than those for more developed areas in the
rest of the country. This is due to the present relatively small
population and economic base and the very substantial influence that
political decisions will have regarding development of Alaska. National
energy policy, final land disposition, and capital relocation are
examples of institutional constraints which may significantly alter
future energy requirements. It is the effect of such influences that
largely accounts for the wide range in energy projections.

CONCLUSIONS

The higher range projection provided by APA is comprised in the
year 2000 of over 50 percent industrial use. This magnitude of heavy
industrial development is deemed too speculative td serve as a basis for
energy planning at this time. The lower range projection, on the
other hand, incorporates a composite growth rate for the remainder of
the 1970's too far removed from the present actual annual rate of
increase to be a~cepted as a best estimate of future energy use. In
general, the broad population and economic trends as well as the more
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specific energy use and economic development assumptions of the mid
range estimate reflect a realistic baiancing of recent experience in
Alaskan energy consumption growth with expected.future development and
more efficient use of energy. For these reasons. the mid-range energy
requirement projection furnished by the Alaska Power Administration has
been adopted as the basis for project plan~ing.

Itis recognized that by making assumptions about future population
and economic growth and then providing energy sufficient to sustain such
growth. the initial projections may become a self-ful fill ing prophecy.
By presuming that energy needs must be met. the opportunity to use the
provision of power as a tool to direct growth toward socially desirable
goals is foregone. In the absence. however. of any such generally
accepted growth goals. it,seems highly presumptuous to do otherwise than
plan so as to satisfy the energy needs required to sustain that level of
future development deemed most likely.
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PROBLEr'1S AND NEEDS

Problems and needs of the Railbelt area which are associated with
water and related land resource development cover a broad range of
economic, environmental, and social concerns. Specific items identified
from expressions ,of governmental agencies, of industry, of special
interest organizations, and of private citizens include:

The projected need for increased supplies of electrical energy,

A need for reduction or prevention of flood damages,

A need for improved small boat and deep draft navigation conditions,

A need for increased municipal water supply,

A need for future supplies of irrigation water,

A need for reduction and prevention of air pollution in Fairbanks
and Anchorage,

The need to conserve and enhance fish and wildlife resources,

The need for additional recreational opportunities for the population,

The preservation and maintenance of the "Alaskan way-of-life",
including prevention of further population growth, prevention of addi
tional industrialization, and cessation of expansion of u~ban areas,

The national desire to achieve energy independence from foreign
sources, and

The national desire to conserve nonrenewable resources.
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PLAN FORMULATION

Plan ·formu·1ation involves a systematic process of analyzing needs
and problems, establishing study objectives, and developing and evaluating
alternative plans for resource management. Plan formulation is guided
by Corps of Engineers policy on mu1tiobjective planning, in accordance
with legislative and executive authorities provided by the National
Environmental Policy Act (NEPA), Public Law 91-190, 1 January 1970;
Section 122, River and Harbor and Flood Control Act of 1970, Public Law
91-611, 31 December 1970; Principles and Standards for Planning Water
and Related Land Resources, Water Resources Council, 38 FR 24778-24869,
10 September 1973; and various other statutes. Under these guidelines,
the basic water resource planning objectives are, co-equally, National
Economic Development (NED) and Environmental Quality (EQ), with considera
tion being given to social well-being and regional development.

STUDY OBJECTIVES

The study objectives derive from the problems and needs that are
specific to the study area and can be reasonably addressed within the
framework of the study authority and purpose. The objectives selected
for this study are:

To provide additional electrical energy to the Rai1be1t area as
directed by the authorizing resolution;

To control flooding and reduce flood damages in the Rai1belt area;

To reduce or prevent air pollution in the Rai1be1t area;

To preserve, conserve, or enhance fish and wildlife in the Rai1be1t
area;

To provide increased recreational opportunities within the Rai1belt
area;

To conserve nonrenewable resources of the nation; and

To contribute toward national energy independence.

Navigation improvements are not compatible with any solution aimed
at the other needs.

The needs for municipal water supply can be more economically
solved by means that are independent of the majority of the other
water resource development needs.
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The need for irrigation water presumes a level of agricultural
development which is not now planned or foreseeable.

To preserve the Alaskan lifestyle by halting growth of all forms at
the present level is beyond the authority of the Corps of Engineers and
is thus not a study objective.

POSSIBLE SOLUTIONS

The following alternative methods of'satisfying the primary study
objective, the provision of electric power for the Railbelt area, were
considered as possible solutions:

Alternative Sources of Power

Coal
Natural gas and oil
Nucl ear
Geothermal
Solar
Wind and tide
Wood
Intertie with sources elsewhere
Solid waste
Hydroelectric

Yukon River--Rampart Dam
Copper River--Wood Canyon Dam
Chakachatna River--Chakachamna Dam
Bradley River--Bradley Lake Dam
Susitna River

Single Dams

Devi 1 Canyon
Devil Canyon High (Susitna I)
Watana

Two-Dam Systems

Devil Canyon-Denali
Devil Canyon-Watana

Three-Dam System

Devil Canyon-Watana-Vee

Four-Dam Systems

USBR: Devil Canyon-Watana-Vee-Denali
Kaiser: Susitna I, II, III-Denali
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These alternatives were screened on the basis of preliminary estimates
of response to the basic water resource planning objectives of 'NED·
(economic viability) and EQ (contributions to environmental quality).
Within the, NED considerations, in addition to the purely economic
factors, such items as technical feasibility (can it be done with
existing technology?) and scale (does it do too little or too much?)
were considered important. Within the EQ considerations, in addition
to positive contributions to environmental factors, a lack of adverse
effects was considered significant. The intent and effect of this
brief screening was to rule out impracticable and marginal alternatives
leaving a small number of the better possible solutions to be studied
and evaluated in detail. The following discussions summarize the
preliminary evaluation.

Coal: Coal is the most abundant fossil fuel in the nation. South
central Alaska has two extensive deposits. The Beluga River area
northwest of Cook Inlet contains coal reserves of at least 2.3 billion
tons or, energy-wise~ an equival~nt of almost 7 billion barrels of
oil. Development of Beluga coals would enhance possibilities for.
coal-fired power generation at reasonable cost. Coal resources in
the Nenana fields in the Southcentral Railbelt, south of Fairbanks
near Healy, Alaska, are even more extensive than the Beluga River
reserves, totaling at least 7 billion tons.

In many cases, the major obstacle to increased coal usage is the
problem of removing the high sulfur content in order to meet air
quality standards when the coal is burned. Other problems include
strip mining, with associated environmental impacts, such as surface
disturbance, waste material disposal, and chemically active water
discharge. post-mining restoration. and transportation of the coal. The
Beluga coals have low amounts of sulfur, but have high ash and water
content. Considerable refining would be needed for use in power generation.

The coal alternative could be available on about the same time-
, frame as other major new power sources, such as hydropower and, possibly,

nuclear power. Baseload thermal plants could probably be utilized
in the Railbelt area by the 1980's. Coal-fired plants should also
be given consideration in remote areas which could'· be supplied by
water transportation.

In the absence of major hydro development or the discovery of
additional gas reserves, the Railbelt power system would probably
shift from~il and gas-fired power units to coal as their prin~ipal

energy source. The coal plants would either be conventional steam
or steam and gas turbine units located near the Beluga and Nenana
coal fields. It is concluded that coal is a technically feasible and
economically viable alternative with certain probable adverse environ
mental effects. Further study and evaluation of this alternative is
justified.
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Natural Gas and Oil: Alaska power systems now depend on oil and gas
for about 60 percent of total energy production, and by 1980 about
90 percent of the State's electric energy will come from ,these fuels.
Estimated 1972 fuel use for Alaska's power systems included 1.4 million
barrels of oil and 16 billion cubic feet of natural gas. The use
would increase to about 26 million barrels of oil and 134 billion
cubic feet of natural gas (if available) annually by the year 2000
in meeting the mid-rang~ consumption level estimates.

Cook Inlet natural gas has provided low cost power benefits for
the surrounding area in the recent past, and with substantial reserves
under contract, should handle area power requirements for several
more years. However, even if additional reserves are found to meet
future demands, it appears reasonable to assume that there will be
substantial increases in costs for oil and gas supplied as U.S.
domestic reserves decline, worldwide demand increases, and foreign
oil prices remain high. There is no longer any reason to anticipate
that Alaskan oil and gas will provide an abundant, cheap energy source
for the long term. These fuels will be expensive, if for no other
reason than pressures to export. the resources to areas where higher.
prices can be obtained for their use in petrochemical industries. '

Cook Inlet natural gas is a clean fuel. Few serious air pollution
problems exist for gas-fired units; however,. the amount of gas reserves
is not known.at this time. Gas turbine exhaust is noisy, although
modern noise suppression equipment can reduce this impact at a price.
Energy conservation aspects of gas-fired units may become significant
because existing gas turbines have low efficiencies and emit visible
water vapor emissions during the colder winter months. Also, nitrogen
emiss·ions could be of significant concern for the very large gas-fired
plants which would be needed.

It is concluded that natural gas and oil as a power source is
feasible for the near future. However, there is serious doubt as to
the continued availability of the base resource and as to the continu
ation of economic advantage it now enjoys. There appears to be some
environmental advantages to the continued use of natural gas and/or
oil, but not of an apparent magnitude to be overriding to the supply
price considerations. Further study of this alternative is not deemed
justified for this report.

Nuclear Power: The use of nuclear power asa commercial electrical
energy source for the nation is expected to increase considerably
by the year 1985. Adverse environmental impacts are associated with
surface and subsurface mining of uranium, changes in land use, disposal
of waste heat, risk of accidents, and safe disposal of highly radio
active wastes. In spite of these factors, more than 50 percent of the
electrical power of the nation is expected to be generated by nuclear
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power by the year 2000. By that time, breeder plants, which produce
additional fuel while they produce power, will hopefully be available
to take over a larger share of the production of electricity. Possibly
at some time in the next century, nuclear fission plants and proposed
nuclear breeder plants will be replaced by nuclear fusion reactors
and by central generating stations running on solar power.

Nuclear power should be considered a likely. long-range source of
baseload power for the Railbelt area, but is generally considered a
distant option because of size of power markets, co~t, and environ
mental factors. Further study of this alternative is not deemed
justified for this report.

Geothermal: Geothermal resources may eventually provide significant
power generation in Alaska; the Southcentral Railbelt area has sub
stantial geothermal potential. Some of the possible problems associated
with the generation of electrical power from geothermal resources
include siting of facilities, brine disposal" and corrosion. This
resource could also provide usable side products such as heat, water,
and chemicals. This source of energy is not considered a reasonable
short-term alternative to other more proven types of power generation
because of the relatively primitive level of .present technological
development and high costs .. Further study of this alternative is not
deemed justified for this report.

Solar: The radiant heat of the sun is another renewable source of
energy that has considerable potential for generating power in the
nation and the world. Use of solar energy to produce electrical power
on a large scale is not presently feasible for the lack of the techno
logy to generate and to store large amounts of electricity produced
by the sun's radiation. A major disadvantage wherever such a develop
ment is pursued will be the large land area required for reflector
installation to provide usable amounts of power and thus the large
environmental disturbances inherent in such a change in land use.
Another disadvantage, especially in Alaska, will be that during the
winter, when aemand for electrical power is greatest, the sun is
either absent -from or at best a brief visitor to local skies. Further
study of this alternative is not deemed justified for this report.

Wind and Tidal: Research and development proposals for wind generators
should improve future capabilities of wind-powered electrical generating
systems. With increased diesel fuel costs, wind-generated electrical
power is a possible alternative power source for remote areas with
small loads. The alternative is not considered feasible for provision
of large amounts of energy at this time.

The Cook Inlet region of Alaska experiences one of the larger
tidal ranges of the world, giving it a potential for the generation
of electrical energy from a low head reversible hydro plant. However,
such an installation would require a low dam spanning the full width
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of the Inlet, a massive cost item in itself, as well as a deep-draft
lock system to allow commercial vessel access to the Anchorage port.
The dam would change the entire flow regime of Cook Inlet with a
significant potential for extensive adverse efforts on major eco- .
systems. Additional major effects would include intensified ice
pack conditions in the upstream pool with potential for significant
adverse impacts on the Anchorage waterfront. Further study of either
of these alternatives is not deemed justified for this report.

Wood: In parts of southeastern Alaska, wood is used to fire steam
generating powerplants. Alaska does have vast forest reserves that
could be used; however, these same trees have far higher and better
alternative uses in wood, paper, and other industries. In addition,
the esthetic, ecological, and environmental impacts of the large
harvests necessary to allow production of large amounts of energy
appear to be massive. Further study of this alternative is not deemed
justified for the report.

Intertie: Instead of producing the required power in Alaska, excess
power from Canada and/or the "Lower 48" could be imported by a trans
mission system interconnecting with the sources. However, there is
no evident excess of power available to make such a development feasible.
Further study of this alternative is not deemed justified for this
report.

Solid Waste: The use of solid wastes was proposed by the Alaska
Center for the Environment as an alternative source of energy at the
intermediate public meeting held in Anchorage on 29 May 1975. The
supply of solid wastes in the Anchorage area is projected to reach
500,000 tons annually by the year 2000. Even if all of the waste
was combustible and had a heat value equivalent to coal, neither of
which is factual, the power produced would be less than 10 percent
of the projected need. Further study of this alternative is not
deemed justified yor this report.

Hydropower: The reconnaissance report on potential development in
the State of Alaska made in 1948 by the U.S. Bureau of Reclamation,
included hundreds of potential power development sites located through
out the five study regions of the State: Southeast; Southcentral;
Yukon-Kuskokwim; Seward Peninsula; and Arctic. The two largest
market areas for power are located in the southcentral region, parti
cularly the Anchorage-Cook Inlet area, and the Fairbanks-Tanana Valley
area. The large amount of the available renewable water resource
which could produce electric power has excellent potential to answer
the energy needs of the Southcentral Railbelt area.
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Yukon River-Ram~art Canyon: The proposed site for the Rampart
Canyon Dam is on the Yukon River, approximately 140 miles northwest
of Fairbanks, Alaska. The project has one of the la,rgest hydroelectric
potentials in North America. The plan would include a reservoir with
a water 'surface area of approximately 10,600 square miles. a maximum
length of 280 miles, and a maximum width of about 80 miles. The
project would provide firm annual energy of 34.2 billion kilowatt
hciurs (the energy equivalent of over 58 million barrell of oil per
year). However, the projected adverse environmental impacts on fish
and wildlife in the Yukon Flats are of such magnitude as to rule out
project .uthorization up to this time. This alternative far exceeds
the 'c projected power needs of the Ra i 1beIt area for several decades.
Because of the excess scale and the probable magnitude of the environ
mental impacts, further study of this alternative is not deemed
justified for this report.

, Copper River-Wood Canyon Dam: The proposed site for the Wood
CanyonDam is about 85 miles above the mouth of the Copper River in
the Ghugach Mountains of southcentral Alaska. A "highdam" proposal
woulddevelop firm annual energy of 21.9 billion kilowatt-hours. A
1I1 ow dam ll plan would provide 10.3 billion kilowatt-hours of firm
annua1 energy. '

The construction of either dam at Wood Canyon would force relo
cation of two communities and would create serious environmental
problems affecting both fish and wildlife values, especially to the
large salmon runs on the Copper River. Unless the problem posed to
migrating salmon could be solved satisfactorily, the project would
have severe adverse effect on the major commercial fishing industry
in a wide area of the Gulf of Alaska. Further study of this alter
native is not deemed justified fo~ this report.

Chakachatna River-Chakachamna Dam: The site for the proposed
Chakachamna Dam is locatea on the Chakachatna River which drains into
the west side of Cook Inlet approximately 65 miles west of Anchorage.
The facility would generate 1.6 billion kilowatt-hours of firm annual
energy. The project would require the erection of additional trans
mission facilities over difficult terrain to tie into a Southcentral

, Railbelt transmission system and the construction of a costly ll-mile
tunnel for power generation~ The adverse environmental impact would
be ~ubstantially less than from m~ny proposed Alaskan hydroelectric
projects. This alternative provides only a small portion of the
projected energy needs. Although development at a later date to
supplement other energy sources might be warranted, further study of
this alternative is not deemed justified for this report.

Bradle,y River-Bradley Lake Dam: The site for this proposed
hydroelectric projec"t is at Bradley, Lake on the Kenai Peninsula at
the head of Kachemak Bay. The facility proposed would generate
0.4 billion kilowatt-hours of firm annual energy and could serve as
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a southern peaking installation for a Southcentra1 Rai1be1t power
system. There would be a minimum of adverse environmental impacts
associated with this proposed project.

This alternative provides only a small portion of the projected
energy needs. Although development at a later date to supplement other
energy sources might be warranted, further study of this alternative is
not deemed justified for this report.

Susitna River: Surveys for potential hydropower development in
the Susitna River basin were reported by the Corps of Engineers in 1950
and by the U.S. Bureau of Reclamation in 1948,1952,1961, and 1974.
The 1952 USBR report indicated 12 potential hydropower sites in the'
basin; of these,. the 5 damsites studied in the upper Susitna basin
showed the highest potential. These studies showed the environmental
impact from projects in the Upper Susitna River Basin would not be as
severe as those from other basins, and the firm energy potential could
contribute substal'ltially to satisfying the needs of the Southcentra1
Railbelt area. 'Eight hydroelectric plans for hydroelectric development
of the SusitnaRjver basin were studied for this report. These include
three single dams, two two-dam systems, a three-day system, and two

I, four-dam systems,as follows:
f\

S,1 n,9.1 e Dams:

Devil Can~: The possibility of a single dam deve1op- ,
ment of the upper Susitna basin located at the Devil Canyon damsite was
investigated. The proposed thin-arch dam would have a water surface
area of about 7,550 acres at the normal maximum pool elevation of 1,450
feet, m.s.l. The project would produce 0.9 billion kilowatt-hours of
firm annual energy from dependable capacity of 205 megawatts. Because
of the very limited storage capacity, the project, by itself. has a low
firm energy capability and is not economically viable. Further study of
this alternative is not deemed justified for this report. ..

Devil Canyon High (Susitna I): In September 1974, Henry
J. Kaiser Company prepared a reassessment r~port proposing an alternative'
hydroelectric development project on the upper Susitna River. The
report states that an initial project proposing an 810-foot high, con
crete faced, rockfi11 dam located about five miles upstream from the
proposed Devil Canyon site 'would provide 3.2 billion kilowatts of average
annual energy. For comparison with the other proposals. this converts .
to about 2.6 billion kilowatt-hours of firm annual energy. The project'
is not economically feasible. Further study of this alternative is not
deemed justified for this report.
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Watana: The proposed single dam development of the upper
Susitna basin located at the Watana site would be anearthfi11 dam with
structural height of about 810 feet. The reservoir would have a normal
maximum pool elevation of 2,200 feet, would have a surface area of
approximately 43,000 acres, and would extend about 54 river miles up
stream to a point between the Oshetna and Tyone Rivers. The annual firm
electrical production of Watana would be 3.1 billion kilowatt-hours from
a dependable capacity of 706 megawatts. Such a project would be economi
cally feasible; however, it would develop only about one-half of the
basin potential while having adverse environmental effects of nearly the
same magnitude as plans having both economic feasibility and twice as
much power output. Further study of this alternative is not deemed
justified for this report. - -

Two-Dam Systems:

Devil Canyon-Denali: This alternative system would
include the thin-arch concrete dam at Devil Canyon and a 260-foot-high
earthfi11 dam in'the vicinity of Denali. The Denali Dam would provide
storage only and would have no powerhouse. This system would generate
2.5 billion kilowatt-hours of firm annual energy from a dependable
capacity of 571 megawatts at Devil Canyon Dam. The surface acres
flooded would total about 62,000 acres (Devil Canyon, 7,550; Denali,
54,000). Project energy output is less than half of the basin potential
and economic feasibility is lacking. Further study of this alternative
is not deemed justified for this report.

Devil Canyon~Watana: This alternative two-dam system
would include the concrete dam at Devil Canyon p1u~ the earthfill dam
at Watana. The firm annual production of electrical power with these
two dams would be 6.1 billion kilowatt-hours from a dependable capacity
of 1,568 megawatts. The reservoirs would flood approximately 51,000
acres (Devil Canyon, 7,550; Watana, 43,000), and extend to a point
between the Oshetna and Tyone Rivers. This, project is economically
feasible and develops nearly 96 percent of the basin potential. Further
study and evaluation of this alternative is justified.

Three-Dam System:

Devil·Canyon-Watana-Dena1i: This system would add the
54,OOO-acre Denali storage reservoir to the previous plan. The combined
electrical production of the three dams would provide 6.8 billion
kilowatt-hours of firm energy. annually from ,a -dependable capacity of
1,578 megawatts. The surface area flooded would be approximately
105,000 acres (Devil Canyon, 7,550; Watana, 43,000; Denali, 54,000).
This alternative would develop nearly the full basin potential. Even
though probable environmental effects would be considerably greater than
the preceding two-dam system, further study and evaluation of this
alternative is justified.
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Four-Dam Systems:

Devil Canyon-Watana-Vee-Dena1i: This is the system
proposed by the Bureau of Reclamation in its 1952 report on hydropower
resources of the Upper Susitna River Basin. USBR recommended initial
development of Devil Canyon Dam plus the upstream storage reservoir at
Denali; further development would include earthfill dams at theWatana
and Vee Canyon sites between the two initial dams. In this system~ the
height of· the Watana Dam would drop from 810 feet to 515 feet. The
height of the Vee Dam would be 455 feet. This system would generate
6.1 billion kilowatt-hours of firm annual electrical energy from a
dependable capacity of 1,570 megawatts. The surface area flooded by
these four dams would total approximately 85,000 acres (Devil Canyon,
7,550; Watana, 14,000; Vee, 9,400; Denali, 54,000). This alternative
would also develop about 95 percent of the full basin potential. Even
though probable environmental effects would be as great or greater than
the preceding three-dam system, further study and evaluation of this
alternative is justified.

Hi h Devil Can on Susitna I -Olson Susitna II -Vee
(Susitna III)-Dena i: T e September 19 4, Henry J. Kalser ompany s
report also proposed a four-dam ultimate development plan for the Upper
Susitna River Basin. The Kaiser plan was not detailed except as to the
Devil Canyon High Dam (Susitna I), but in effect proposed a low dam
(Susitna II) at a site which is equivalent to the Olso~ damsite of USBR,
a higher dam (Susitna III) at the upstream limit of the Susitna I reservoir,
and a storage dam at Denal i. For comparison purposes, the Susitna II
and Susitna III dam concepts have been equated to USBR's Olson Dam and
Vee Dam. On this basis, the firm annual energy would be 5.9 billion
kilowatt-hours and the surface acres flooded would total about 88,000
acres (High Devil Canyon, 24,000; Olson, 850; Vee, 9,400; and Denali,
54,000). The system not only develops less of the basin potential than
several other alternatives but is not economically justified. Further
study of this alternative is not deemed justified for this report.

ALTERNATIVES SELECTED FOR FURTHER STUDY

The preliminary screening disclosed four alternatives with economic
justification, adequate scale, technical feasibility, and no adverse
environmental effects of such obvious magnitude as to preclude plan
implementation. These include one plan which depicts the most probable
future if no Federal action is taken to meet the projected power needs
of the Railbelt and three diverse hydroelectric plans for utilization of
the power potential of the upper Susitna River. The four selected
alternatives are:
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Coal
Devil Canyon-Watana Dams
Devil Canyon-Watana-Denali Dams
Devil Canyon-Watana-Vee-Denali Dams.

EVALUATION OF ALTERNATIVES

Selection of the best plan from among the alternatives involves
evaluation of their comparative performance in meeting the study
objectives as measured against a set of evaluation criteria.

These criteria derive from law, regulations, and policies governing
water resource planning and development. The following criteria were
adopted for evaluating the alternatives.

Technical Criteria;

The growth in electrical power demand will be as
projected by the Alaska Power Administration.

That power generatiQn development, from any source
or sources, will proceed to satisfy the projected needs.

A plan to be considered for initial deve10pment must
be technically feasible.

National Economic Development Crite~iB:

Tangible benefits must exceed project economic costs.

Each separable unit of work or purpose must provide
benefits at least equal to its cost.

The scope of the work is such as to provide the
maximum net benefits.

The benefits and costs are expressed in comparable
quantitative economic terms to the fullest extent possible.
Annual costs are based on a lOO-year amortization period,
an interest rate of 6-1/8 percent, and January 1975 price
levels. The annual charges include interest; amortization;
and operation, maintenance, and replacement costs.

Power benefits are based on the costs of providing the
energy output of any plan by conventional coal-fired thermal
generation.
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Environmental Quality Criteria:

Conservation of esthetics, natural values, and other
desirable environmental effects or features.

"The use of a systematic approach to insure integratlon
of the natural and social sciences and environmental
design arts in planning and utilization.

The application of overall system assessment of
operational effects as well as consideration of the
local. project area.

The study and dev~lopment of recommended alternative
courses·of action to any proposal which involved conflicts
concerning uses of available resources.

Evaluation of the environmental impacts of any
proposed action, including effects which cannot be
avoided. alternatives to proposed actions, the relation
ship of local short-term uses and of long-term producti
vity, and a determination of any irreversible and
irretrievable resource commitment. "

Avoidance of detrimental environmental effects,
but where these are unavoidable, the inclusion of
practicable mitigating features.

Social Well-Being and Regional Development Considerations:

In addition to the basic planning criteria, con
sideration was given to:

The possibility of enhancing or creating recrea
tional values for the public;

The effects, both locally and regionally, on such
items as income, employment, population, and business;

The effects on educational and cultural opportunities;

The conservation of nonrenewable resources.
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Coal: This alternative is, effectively, the "without" condition, the
probable future that would develop if no Federal action were taken to
provide electrical power through a hydroelectric generation development.
It is the economic standard against which each of the hydropower plans
is tested. That is, the power benefits of a given hydro system represent
the cost of producing the same amount of power by con.structing and
operating a conventional, state-of-the-art, generation system using coal
as fuel. Included in all cases are the costs of the necessary trans
mission.systems to bring the power to the same load distribution centers

._ in the Anchorage and Fairbanks areas. Thus, a benefit.":to-cost ratio of
- greater than one (1.0) indicates that a hydro system is more economical

than its coal competitor, while a ratio of less than unity indicates
that it is economically inferior. For any given alternative coal
system, the sum of the energy and capacity benefits is identical to the
costs giving a benefit-to-cost (B/C) ratio of 1.0 and no net benefits.

The coal-fired develop~ent most directly comparable to the hydro
power alternatives would be a single large complex located near Healy,
with a transmission system essentially identical to the Anchorage
Fairbanks intertie provided by the hydro plants. However, such a massive
capital investment by private interests is less likely than continued
separate expansi.on of the existing local generation-distribution systems.
For this reason, the coal alternative considered hereafter will consist
of two mine-mouth plants, one at Beluga serving the Anchorage-Kenai
Peninsula load center, and one at Healy serving the Fairbanks load
center. No transmission intertie would be provided.

The two powerplants would have the following projected characteristics:

Load Center Fairbanks Anchorage-Kenai Total
Plant Location Healy vicinity Beluga vicinity
Size and No. of Units

Initial (c. 1980) 2-75 mw 3-150 mw
Final. (c. 1995) 4-75 mw 8-150 mw

Tota1 Capacity-Fi na1 300 mw 1,200 mw 1,500 mw
Land Required (Acres)

Buildings and Grounds 10 30 40
30-day Stockpile 20 70 90

Stripmining (Acres)
Per Year 44 140 184
100-year Total 4,400 14,000 18,400

Coal Consumption (million T)
Per Year 1.44 4.41 5.85
100-year Total 155 441 585

Waste Disposal (Acres)
Per Year. 4.4 14 18.4
100-year Total 440 1,400 1,840

Mill Rate to Distributor 31.4 26.4
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The Healy Creek district has estimated reserves of 537.5 million
tc)ns of coal in seams over five feet thick and under less than 1,000
teet of overburden. The Beluga River and adjacent Capps Glacier districts
have estimated reserves of 242.7 million tons and 405.8 million tons,
respectively, of coal in similar formations.1/ Thus, among the three
districts, there appears to be sufficient stripab1e coal to sustain both
plants for required century.

To estimate the probable impacts from strip mining, an idealized
mining operation was projected, which resulted in each acre of mine pro
ducing 209,733 cubic yards of material composed of 29;040 cubic yards of
recovered coal and 180,693 cubic yards of mine wastes. The annual coal
requirement would mean that a total of 183 to 184 acres of land annually
would have to be mined, or 18,300 to 18,400 acres in 100 years. It
should be emphasized that the disturbed acreage is based on a relatively
favorable formation of coal seams and on a 90-percent rate of recovery
which both tend to minimize the land requirements.

The Healy Creek Valley is covered by upland spruce-hardwood forest
below 2,500 feet, m.s.1. The higher lands are generally alpine tundra.
As a result, the majority of the area is classified as fall and winter
moose concentration area.' Da11 sheep range extends on both sides of the
valley and a10-ng the southern rim of the westward area. The valley
upstream of the 2,500-foot elevation is winter range for caribou. -The
valley of the Nenana River running north-south at tt~ western end of
Healy Creek is listed as a nesting-moulting area for waterfowl and a
major migration route (flyway). The Nenana River supports both resident
and anadromous fish.

Vegetation at the Beluga River-Capps Glacier area occurs as three
bands parallel to Cook Inlet. Adjacent to the water is a 3-5-mi1e-wide
band of wet tundra. Next, there is a 10-12-mi1e-wide band of upland
spruce-hardwood forest. Finally, there is a wide area of lowland
spruce-hardwood with spots of muskeg, bog, and high brush. Waterfowl,
especially during spring and fall migrations, make heavy use of the
area, with the result that it is classified as extremely important for
resting. Ducks~predominate although small numbers of geese and swans
also pass through. Moose occur throughout the entire region with
significant fall concentrations to the north of Beluga River and spring
and winter concentrations in the tundra band astride the mouth of the
river. Black and brown-grizzly bear range the entire region with sus
pected brown bear denning areas between Capps Glacier and Beluga Lake.
Beluga River and other streams are salmon spawning areas, while Beluga
Lake supports resident populations of several species.~

TT())il-Resources of Alaska, Geological Survey Bulletin 1242-B, 1967.
gj ~laska's Wildlife and Habitat, Alaska Department of Fish and Game, 1973.
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·., Thus, at· either locale, thedestructiori of the vegetati've cover and·
l~nd disturbance wbuld be, acre for acre, destruction of important
wildlife habitat. Natural revegetation would be possible, but very slow.
Artificial revegetation could restore habitat much more quickly, but,
at an increased price of power. In addition to the effects on wildrife
habitat, the coal alternative would have a range of other environmental
impacts. The mining and hauling of the coal could be expected to put
considerable amounts of dust into the air around the projects. Since
the operations would, in general, be following natural water courses,
there is a strong probability that sediments could not be prevented from

. reaching the streams and being carried into the major rivers where the
increases in turbidity could be expected to have adverse effects on fish
populations. Further, although the coal is low in sulfur content,
ground water and runoff waters in contact with the beds and the uncovered
coal residues could well experience chemical changes which in turn could
have adverse effects on the rivers, their fish, and other aquatic biota.

The operation of the generating plants would have environmental
impacts also. Even with pollution control devices to restrict and/or
remove harmful substances, there would be some degradation of air
quality from water vapor, carbon particles, sulfur compounds, and
unburned gases to the limits permitted by air quality regulations. The
characteristic odor of burning coal would be pervasive over wide areas,
including Tyonek and perhaps Anchorage. Water, either from groundwater
sources, or more likely, from the major rivers would be required to
provide cooling for the steam condensers of the plants. This water
would need to be returned to the rivers in exchange for cold waters to
continue the function of system. This could effect a sharp change in
the thermal regime of the rivers with possible adverse effects on their
ecosystems. Alternatively, cooling towers or other artificial means
could be installed to avoid thermal pollution. but at a substantial
increase in the costs of1Pthe project. Other possible environmental
impacts from the plant lie in the need for disposal of the solid com
bustion wastes. These could be added to· the mine wastes, thus increasing
the bulk of these spoil ridges or could be disposed on other lands.
Either method would involve probable adverse effects in that the ash
cinders would tend to hinder efforts at revegetation of the mine wastes
while dumping elsewhere would remove additional acreage from wildlife
habitat or other beneficial use. Again, leaching of chemicals by
surface waters could well cause water quality problems in the streams of
the disposal area.

I The Healy Creek vicinity has a long history of mining and mineral
exploration which increases the probability that historic sites would be
of above average occurrence within the area of project effects. The
State Division of Parks considers the area to be extremely rich in
archaeological potential. The west shore of Cook Inlet and the Beluga
Lake area also have a long history of habitation or use by indigenous
peoples of the region. As such, it also should be rich in potential for
the discovery of historic and/or prehistoric sites. Strip mining would
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tend to have adverse effects on preservation of historic sites while it l;.·.
could both encourage discovery and recovery of prehistoric artifacts and
destroy sites for continued archaeological study.

The coal alternative would make no contribution to either flood
control or recreation in the Railbelt area. In fact, the destruction of
habitat and the widespread presence of human activities could be expected
to reduce the recreational potential for hunting and fishing.

It is estimated that construction of the coal facilities would
impact on the regional economy in much the same way and magnitude as the
alternative hydropower plans. The year-by-year effects would be more
evenly spread over a longer total period since construction would be in
several stages as the power demand grew and would not be completed (to
the output level of the hydropower alternatives) until about 1995.
Permanent jobs arising from operation of the facilities are estimated to
be 67 in the mining-hauling of the coal, and 35 in actual powerplant
operation and maintenance.

Response to Study Objectives: The response of the coal alternative to
the study objectives is summarized as follows:

Power: Provides power equivalent to any other alternative
(6.88 to 6.91 billion kilowatt-hours annually). Meets
the projected demand until the mid-1990's.

Flood Control~ Nonresponsive.

Air Pollution: Adverse response.

Fish and Wildlife: Direct loss of 18,000-20,000 acres of
important moose, caribou habitat, bear, and waterfowl.
Probable adverse effects on anadromous fish. No positive
contributions.

Recreation: Nonresponsive.

Conservation of Nonrenewable Resources: Adverse response-
expend 5.83-5.85 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.5-112.9
billion cubic feet of natural gas annually, or
15.1-15.2 million barrels of oil.

Devil Canyon-Watana: This alternative would consist of a concrete thin
arch dam 635 feet high with a four-unit powerhouse and a switchyard at
river mile 134 of the Susitna River, an earthfill dam 810 feet high with
a three-unit powerhouse and a switchyard at river mile 165, an access
road 64 miles long from the vicinity of Chulitna Station on the Alaska
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The benefit-to-cost (B/C) ratio is 1.3 to 1.
"Net annual benefits are $33,856,000.

Railroad and tte Parks High~y, and 364 miles of transmission lines.
Included in the permanent facilities would be living quarters for
operating personnel, visitor centers at each dam, boat launching ramps,
and a limited system of recreational facilities including camping spots
and hiking trails. The first cost of the project is estimated as
$1.52 billion. Annual costs are estimated as $104,020,000, including
$2,500,000 for operation, maintenance, and replacements. Average annual
project benefits accrue as follows:

$128,153,000
300,000
50,000

9,373,000
$137,876,000

Power
Recreation
Flood Control
Area Redevelopment

Total

The system would have an average annual energy output of 6.91
bill ion kilowatt-hours and a firm energy output of 6.10 bill ion kilo
watt~hours from an i nsta 11 ed capac"i ty of 1,394 MW. The projected
en!rgy cost to the distributors would be 21.1 mills per kilowatt-hour.

Known and suspected project impacts for the proposed Devil Canyon
Watana hydroelectric project are discussed below.

River Flows: The natural average daily flows at Devil Canyon from
the latter part of May through the latter part of August fluctuate in

. the range of 13,000 to 27,000 cubi c feet per second' (cfs) . For ~ovember
through April, the average daily flows range between 1,000 and 2,300 cfs.
The river also carries a heavier load of glacial sediment during high
runoff periods. During winter when low temperatures reduce water
flows, the streams run practically silt free.

With a project, significant reductions of the late spring and early
summer flows would occur and substantial increases of the winter flows.
The average regulated downstream flows for this plan computed on a
monthly basis are estimated between about 7,600 cfs in October to -about
15,000 cfs in August. In extreme years, the monthly averages would .
range from about 6,500 cfs to over 28,000 cfs. The following table
compares natural and regulated flows.



The high flows of the surrvner and fall plus unregulated flood flows
of much higher magnitude presently require an average annual expenditure
of $50,000 by the Alaska Railroad to prevent erosion of the roadbed.
The regulated flows would make such protection unnecessary. The resulting
savings is the source of the flood control benefit.

Water Quality: The heavier sediment material now carried by the
river between Devil Canyon and the junction of the Chulitna and Talkeetna
Rivers with the Susitna River during high runoff periods would be
substantially reduced, and a year-round, somewhat milky-textured "g1ac ial
flour" (suspended glacial sediment) would be introduced into the con
trolled water releases below the dams. Preliminary studies indicate
that the suspended materials in the releases below the dams would be in
the range of 15 to 35 parts per million.

On occasions after the development of upstream storage, when
spilling over Devil Canyon Dam would be necessary. during periods of
high flows, nitrogen supersaturation could be introduced into the river
below the dam and would cause an adverse impact on fish for some dis
tance downstream from the dam depending on the level and duration of the·
supersaturated condition. Fish exposed to this environment suffer gas
bubble disease (like bends to a deep-sea diver) which is often fatal,
particularly to juvenile salmon.

With the use of appropriate operational procedures, spilling
would occur about every second year with an average annual duration of
14 days. Nitrogen supersaturation introduced by the spilling should be
substantially reduced in the turbulent river section just downstream of
the dam. The proposed spillway at the Watana Dam is not conducive to
nitrogen supersaturation. Because of the flood storage capacity of
this fluctuating impoundment and the large release capabilities of the
outlet works and powerhouse, use of the spillway should be required
only about once in 50 years.

;~I·1

Regulated Unregulated
Month cfs cfs

January 9,896 1,354
February 9,424 1,137
March 9,020 1,031

'Ii Apri 1 8,261 1,254
l.;t May 8,192 12,627

June 8,324 26,763
July 9,618 23,047
August 15,066 21,189
September 10,802 13,015
October 7,556 5,347
November 8,367 2,331
December 8,964 1,656
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Compared to natural conditions, temperature of the controlled
releases of water from Devil Canyon Dam would tend to be cooler in the
summer and war.mer in the winter. Cooler summer water temperatures and
warmer winter water temperatures could have both benefici~l and adverse
effects on migrating salmon, juvenile salmon, and resident fish popu- ~

lation~, and will be investigated further in post-authorization studies.

Variations in water releases at Devil Canyon Dam would cause less
. than a one-foot daily fluctuation of downstream water levels in the

river during the May through October period unless the reservoir were
to be used for peaking purposes. The regulated daily fluctuations
during the winter months could range up to two feet under normal peaking
conditions. According to u.s. Geological Survey studies, the natural
normal daily fluctuations in the Susitna River below Devil Canyon range
up to about one foot.

Stratification conditions within the reservoirs could cause some
temperature and dissolved oxygen problems in the river for some distance
downstream from the Devil Canyon Dam and within the reservoirs themselves.
This could have an adverse impact on the downstream fishery and to fish
within the reservoirs.

The multilevel intake structures at both dams provide for selective
withdrawal of waters from varying depths within the reservoirs. This
feature allows for considerable control of both downstream water tempera
ture and dissolved oxygen content of the release waters. Because the
lowest intake levels are well above the dead storage areas of the
reservoirs, there should be no increase in passage of sediments even
when the deepest intake levels are used.

General channel degradation caused by a river's attempt to replace
the missing sediment load with material picked up from the riverbed is
not expected to be a significant concern along the gravel bed reaches of
the Susitna River between Talkeetna and Devil Canyon. There will
undoubtedly be some degradation where bed conditions are favorable. It
is expected that the river will channelize into a single deep watercourse
during the winter months. However, because of the generally coarse
nature of the surface materials of the riverbanks, no significant bank
erosion is predicted.

Upstream from the dams the major environmental impacts would be
caused by the reservoir impoundments. The reservoir behind the Devil
Canyon Dam would remain essentially full throughout the year, while
Watana reservoir would fluctuate between 95 and 120 feet below full
pool during the average year.

Devil Canyon reservoir would cover about 7,550 acres in -a steep
walled canyon with few known areas of big-game habitat and a minimal
amount of resident fish habitat at the mouths of some of the tributaries
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that enter the Susitna River in the 2a-mile section above the proposed
damsite. The reservoir would, however, flood 9 of the 11 miles of the
whitewater section known as Devil Canyon. These rapids are highly
regarded by whitewater enthusiasts for their extreme violence and for

. their rarity, being rated as Class VI--cannot be attempted without risk
of life to the most expert boatman. This very violence has, to date,
limited recreational boating use of this section of the river to only a
few highly expert individuals and/or parties. No significant future use
by the general public, either for active boating or esthetic appreciation,
seems likely considering the difficulty of access and the extreme danger
of the waters. Construction of this alternative project would provide
access to the canyon area and the remaining two miles of rapids below
Devil Canyon Dam.

Watana reservoir would flood about 43,000 acres in a 54-mile
section of the Susitna River that would reach upstream to the Oshetna
River. Except in a few areas near the mouths of tributary creeks and
most of the Watana Creek valley, the Watana reservoir would be contained
within a fairly narrow canyon for much of its length.

Watana reservoir would flood areas used by migrating caribou in
crossing the Susitna River and would also flood moose winter range in
the river bottom. The reservoir would cover existing resident fish
habitat at the mouths of some of the tributaries and possibly would
create other fish habitat at higher elevations on these tributaries.

Fish: How some of the downstream river conditions caused by the
proposed hydropower project would affect the anadromous and resident
fish populations below the dams has not yet been fully determined, but
past, ongoing, and future studies by State and Federal agencies coordi
nated by the U.S. Fish and Wildlife Service should provide the answers
needed to further define adverse and beneficial impacts of the proposed
project on fish and wildlife.

In a 1974 study by the Alaska Department of Fish and Game on
surveys conducted to locate potential salmon rearing and spawning
sloughs on the 50-mile section of the Susitna River between Portage
Creek and the Chulitna River, 21 sloughs were found during the 23 July
through 11 September study period. Salmon fry were observed in at least
15 of these 21 backwater areas. Adult salmon were present in 9 of the
21 sloughs. In 5 of the sloughs, the adult salmon were found in low
numbers (6 to 7 average). In 4 other sloughs, large numbers were present
(350 average) .

. During December 1974 and January and February 1975, the Alaska
Department of Fish and Game investigated 16 of the 21 sloughs previously,
surveyed during the summer of 1974. Of the 16 sloughs, 5 indicated
presence of coho salmon fry. Many of the 16 sloughs surveyed were
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appreciably dewatered from the summer/fall state. Also, a number of
coho fry w~recaptured in the Susitna River near Gold Creek, indicating
that some coho salmon fry do overwinter in the main river.

It is reasonable to assume on the basis of existing data that there
will be some changes in the relationship between the regulated river and
access to existing salmon rearing and spawning sloughs and tributaries
downstream from Devil Canyon Dam. It appears feasible to develop a
program to improve fish access to and from some of the sloughs and
tributaries in the Susitna River,if such is determined to be needed as
a consequence of the project's stabilizing effect on summer flows. Such
a program would be a project consideration.

Periodic flood conditions that presently destroy salmon eggs in
this stretch of the river would be almost completely eliminated by
regulation of the upper Susitna River flows.

Reduction in flows, turbidity, and water temperatures below Devil
Canyon Dam might cause some disorientation of salmon migrating into the
section of the Susitna River between Portage Creek and the Chulitna
River during an initial period after construction of the dams.

According to a study discussed in the Journal of Fisheries Research
Board of Canada--Volume 32, No.1, January 1975, Ecological Consequences
of the Proposeo Moran Dam on the Fraser River, some of the beneficial
downstream impacts of the dam could include the following:

The higher regulated winter flows might enhance the survival of
salmon eggs in the river downstream from the dam. The increased flows
could insure better coverage and better percolation through the gravel
and presumably enhance egg and alevin survival.

An additional consequence of reduced turbidity below the dam might
be a gradual reduction in the percentage of fine materials in the salmon
spawning areas. This could also- lead to improved percolation through
the gravel i~ the streambed and possibly improve survival of eggs.

Reduced siltation during the summer months could prove beneficial
for both anadromous and resident fish species in the 50-mile section of
the Susitna River between the proposed Devil Canyon Dam and Talkeetna.
With the almost total elimination of the heavier glacial sediment loads
of the river, it is likely that the potential for recreational sport
fishing would be improved in this section of the Susitna.

Upstream from the dams, the major impact on the resident fish
populations would be caused by the reservoir impoundments. Devil
Canyon reservoir would fluctuate very little. The steep-walled canyon
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of this reservoir might prove less than desirable to develop a resident
fish population; however, some species of fish might adapt to this
reservoir and provide sport fishing benefits.

Watana Dam would have a widely fluctuating reservoir and thus be
generally detrimental to the development of resident fish populations.
Suspended glacial sediment could be a factor in both of the reservoirs
after the heavier glacial sediments have settled out; however, many
natural lakes in Alaska such as Tustumena and Tazlina, with silt-laden
inflows sustain fish populations under similar conditions.

Most resident fish populations, especially grayling, utilize the
clearwater tributaries of the Susitna River or areas near the mouths of
these streams as they enter the glacially turbid main river during
periods of high runoff. All of these tributaries, approximately 10 in
number, would be flooded in their lower reaches by the proposed reser
voir impoundments. Resident fish populations would be affected by. the
increased water levels in the proposed reservoirs. In about half of the
areas, access to the less precipitous slopes of the upper tributaries
would be improved by increased water elevations and could benefit
resident fish populations.

Fish would experience extremely high mortality rates if they
attempted to migrate downstream through turbines or outlet works at the
proposed dams.

It appears highly unlikely that anadromous fish such as salmon
could be introduced into the Upper Susitna River Basin. The related
problems and costs of passing migrating fish over and through high dams
appear infeasible. However, the introduction of a resident land-locked
salmon species, such as sockeye (kokanee), to some waters of the upper
Susitna basin might prove feasible.

Wildlife: Reservoir impoundments behind the proposed dams would
have varying degrees of environmental impact on wildlife.

The Devil Canyon reservoir would be located within the confines of
a narrow, steep-walled canyon with few areas of big-game habitat and no
major migration routes for big-game animals. Based on observations of
terrain slopes, and vegetation, it is estimated that about 100 acres of
this reservoir might be favorable moose habitat. The reservoir would
create about 65 miles of lake shoreline. Because the pool level would
vary little, it is assumed that a fringe of water~oriented vegetation
such as willow or alder would develop along the shore. Such a fringe
zone could provide favorable habitat for a variety of small mammals
and birds, and might provide replacement habitat for moose. A continuous
fringing zone only 50 feet in width around the lake would represent
300-400 acres.
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The proposed Watana Dam would be generally contained within a
fa i rly deep and narrow river canyon. Watana reserv'oir woul d 1ie across
one of the intermittent caribou migration routes between the north side
of the Susitna River and the main calving area of the Nelchina caribou
herd, located south of the river in the northeast foothills of the
Ta 1keetna Mountai ns. Calvi ng genera lly takes place duri ng a month-long
period starting in the middle of May. Ice-shelving conditions along the
shoreline caused by winter drawdown-on Watana reservoir or ice breakup
conditions on the reservoir could cause problems for caribou migrating
to the calving grounds. This reservoir would have a high water shoreline
about 145 miles long. Development of a fringe habitat would be consider
ably less likely than for Devil Canyon because of the highly variable
water level of the lake. Creation of beneficial habitat is doubtful.

As caribou are strong swimmers, they should have fewer problems
crossing the narrow reservoir during July after calving than they would

·crossing the swollen glacial river during natural periods of high
runoff. Caribou could migrate around the reservoir. Caribou migration
patterns for the Nelchina herd are continually changing, as stated in
Alaska Department of Fish and Game study reports. Under adverse ice
conditions, the reservoirs could cause increased mortality in some
segments of the herd, and some permanent changes in traditional herd
movements.

A moose survey conducted in early June 1974 by the Alaska Depart
ment of Fish and Game indicated that, although spring counting condi
tions were less than ideal, a total of 356 moose were seen along the
upper Susitna River and in the lower drainage areas of the major tribu
taries. A 1973 fall count in the same general area sighted a total of
1,796 moose. Of the 356 moose counted in the June 1974 survey, 13 were
seen in the area of the proposed Watana reservoir. None were sighted
within the proposed Devil Canyon reservoir impoundment. Based on
visual observations and map studies of vegetation and terrain slopes, it
is estimated that 2,000 to 3,000 acres, mostly in the lower reaches of
Watana Creek, could be favorable moose habitat. Wildlife management
agencies state that such habitat for moose should be considered as
critical, especially as winter habitat. Further studies to delineate
both the extent and value of the habitat would be reqUired to determine
the need and/or extent of mitigation.

The loss of habitat for bears, wolves, wolverines, Dall sheep, and
other animals appears to be minimal. Other birds, including raptors,
songbirds, shorebirds, and game birds; do not appear to be significantly
affected by the reduction of habitat in the area of the proposed dams
and reservoirs, although some habitat will be lost for all species of
wildlife.
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Road access to the two damsites could have a significant impact on.
fish and wildlife resources in areas opened to vehicle encroachment.
Specific areas such as Stephan Lake, Fog Lakes, lower Deadman Creek, and
the northern slopes of the Talkeetna Mountains could be greatly impacted
by hunters, fishermen, and other recreationists as a result of the
access road to Watana Dam. However, such an impact is properly a func
tion of the establishment and enforcement of proper regulations by
management authorities, not of the project.

The proposed reservoirs at Devil Canyon and Watana are located
along a major flyway for waterfowl. Very few waterfowl appear to nest
on the sections of the river that would be flooded by these reservoir
proposals. On the other hand, the reservoirs would provide suitable
resting areas for waterfowl migrating through the basin.

Migrating birds would possibly suffer some mortality from colli
sions with towers or 1ines,but such losses should be negligible.' The
line would generally parallel normal north-south migration routes. The
cables would be large enough to have a high degree of visibility and
would be widely enough spaced to be ineffective snares. Electrocution
of birds is also unlikely, since the distance between lines and between
lines and ground would be great enough to make shorting out by birds
almost impossible.

A transmission line per se will not have many impacts upon wild
life; most of the impacts will be as a result of construction and
maintenance. Direct destruction will affect the less mobile animals
such as the small manma1s, whose terri tori es may be small enough to be
encompassed by the construction area. The significance of this impact
to these animals is small in relation to their population in surrounding
areas.

Recreation: Much of the Upper Susitna River Basin, except near the
Denali Highway and Lake Louise vicinity, has little recreational acti
vity at the present time. A combination of poor road access, rough
terrain, and great 'distances limits the use of the 5,800-square-mi1e
basin, especially the lands directly impacted by this alternative, to a
few hunters, fishermen, and campers who utilize these lands for recrea
tional purposes.

The construction of the proposed hydroelectric project would have
an impact on a number of present and projected recreational activities
both in the immediate dam and reservoir areas and downstream from the
dams.
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At the present time, the ·Susitna River upstream from Portage Creek
to the Denali Highway bridge is a free-flowing river ~ith few signs of
man's activities. The construction of dams on the river would change
sections of the river into a series 'of manmade lakes. The violent,
whitewater section of the river through the area known as Devil Canyon
would be substantially inundated by a dam at the Devil Canyon site.
Other areas of the river would also be changed from river-oriented
recreational opportunities to lake-oriented recreational activities.

Improved road access into some areas of the upper Susitna basin
would substantially increase pressures on all the resources impacted by
outdoor recreational activities within these areas.

The construction of project-oriented recreational facilities woulq
substantially" increase the recreational use of the areas around the ('
proposed dams and reservoirs. These recreational facilities could
include visitor facilities at the dams, boat launching facilities on the
reservoirs, campgrounds, picnic areas, trail systems, and other related
recreational facilities. Recreational facilities at Devil Canyon and
Watanacould also be developed to complement the 282,OOO-acre Denali
State Park complex, which is located on the Parks Highway just west of
the settlement of Gold Creek.

Few people reside within a laO-mile radius of the project area at
the present time and day-use of the project by local residents would be
minimal.

A project related recreational development program'would involve
cooperation between the Bureau of Land Management and the operating
agency for maintenance of the developed recreational facilities. The
projected recreational program would provide for an estimated 77,000
use days of recreati~n, mostly fishing, camping, hiking, and sightseeing.
This is the source of the recreational benefit.

Historic and Archaeological Sites: The current National Register .
of Historic Places has been consulted, and no National Register pro
perties will be affected by the project. A recently completed study for
the Corps of Engineers, made by the Alaska Division of Parks, indicated
11 historic sites within' the study portion of the upper Susitna basin,
all of which are related to the discovery of gold. One known site
(cabin) is in the proposed reservoir impoundment areas.

Only one archaeological site has been examined within the study
area of. the upper Susitna basin, and it has never been excavated. This
is the Ratekinsite, several miles east of the Susitna River near the
Denali Highway. The Division of Parks survey projects a total of 40
zones of possible archaeological interest within the Devil Canyon and
Watana impoundments.
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Mining: The Susitna River basin in the proposed reservoir impound
ment areas 15 generally favorable for various types of mineral deposits,
but the area has never been mapped geologically. An extensive mineral
examination program is expected to be necessary in the areas of proposed
hydroelectric development, and this program would probably be funded to
assess mineral resource potential.

Transmission System: Most of the power generated by hydroelectric
development on the upper Susitna River would be utilized in the Fairbanks
Tanana Valley and Anchorage-Cook Inletareas. For this study, a trans
mission system, consisting of two 230-kv single circuits from tlie project
area to Fairbanks, and two single circuit 345-kv lines to the Anchorage
area, is planned. All lines would generally parallel the Alaska Railroad,
and would be connected to generation facilities at both Devil Canyon and
Watana.

Most direct impacts of the transmission line upon vegetation would
be relatively small with respect to the magnitude of surrounding unaffected
land. Up to 6,100 of the approximately 8,200 acres of right-of-way
would have to be cleared. The cleared right-of-way would have a major
impact on scenic quality. Regrowth beyond a limited height would have
to be prevented by maintenance so that cuts through forested areas would
be permanently visible. In more open areas at higher elevations, such

~ as Broad Pass, this effect would be as significant. However, in such
~ areas the line itself would be visible.

Disposal of slash and debris has potentially adverse effects on
remaining vegetation and other resources. Regardless of the method of
disposal chosen, some impacts could be expected.

Roads: Permanent roads would be built to provide access from the
Parks Highway to the Devil Canyon and Watana damsites. Permanent roads
would also provide access to proposed recreational facilities within the 
project area. Temporary roads for project construction and reservoir
clearing operations would also be constructed.

Resource values impacted by proposed roads include fish, wildlife,
vegetation, recreation, scenery, water, and soils. Air and noise
pollution related to road construction and dust generated by vehicle
travel on unpaved roads could also be significant though temporary
adverse environmental impacts.

Design, location, construction, rehabilitation, and maintenance of
a project road system should give prime consideration to the utilization
of good landscape management practices.
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Construction Activities: Project related construction activities
would include the bu;ldingof the dams and related facilities; the
clearing of reservoir areas; the construction of roads, electrical
distribution systems, and recreational facilities; and the building of
facilities for workers. The construction of the Devil Canyon and
Watana project is estimated to take 10 years to complete, with an
estimated 5 to 6 years required for construction at each of the two
sites. The activities will overlap as simultaneous construction will
occur in the final 1-2 years of the Watana project.

The activities themselves would cause varying degrees of physical
pollution to the air, land, and water within the project area and to

. some areas outside the development area. Fish, wildlife, vegetation,
visual resources, soils, and other resource values could be severely
impacted by construction activities.

Roads and other facilities would b,e needed in order to obtain
materials from borrow sources and quarry sites for the construction
of the dams. Areas would also be needed to dispose of some materials
and debris. All construction activities could be controlled to minimize
or to eliminate adverse environmental impacts; environmental enhancement
could be considered where feasible.

Workers' Facilities: No communities within commuting distance of
the proposed project area could absorb the number of workers required
for the construction of the dams and related facilities. Temporary
construction camps with the necessary facilities would need to be pro
vided during the construction periods .. Permanent facilities would have
be built for maintenance and operational personnel after completion of
the construction phase. .

The construction and operations of the workers' camps would have to
meet State and Federal pollution control laws and standards, and all
activities could be controlled to minimize the adverse environmental
impacts presented by the camps.

Esthetics: The project would be located in areas that have prac
tically no permanent signs of man's presence. The land between Portage
Creek and the Denali Highway is an undisturbed scenic area.

The construction of a hydroelectric project would have a substan
tial impact on the existing natural scenic resource values within the
project area. Any dam construction on the upper Susitna would change a
free-flowing river into a series of manmade lakes. Devil Canyon reser
voir would fluctuate up to 5 feet, while Watana reservoir could fluctuate
up to 120 feet below full pool under normal operating conditions. The
seasonal fluctuation of the Watana impoundment would not have a substan
tial scenic impact, inasmuch as the major drawdown would occur in the
winter when public access was not possible, and the pool would be
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essentially refilled by the time access was restored. The whitewater
section of the Susitna River through Devil Canyon would be substantially
inundated by a dam at Devil Canyon. Roads and transmission lines would
also impact the natural scenic resource values of the area.

After dam construction, many visitors could view the manmade
'structures and their reservoirs. It can be expected that a considerable
number of tourists and State residents would visit the dams.

If consideration were given to minimizing the adverse impacts of
construction activities, a great deal could be accomplished to maximize
scenic resource values within the project area. Good landscape manage
ment practices would add substantially to the recreational experience of
the project visitor.

Air Pollution: Most of the existing electrical power in the
Southcentral Railbelt area is produced by gas, coal, and oil-fired
generating units which cause varying degrees of air pollution.

Cook Inlet gas is a clean fuel that causes few serious air pollu
tion problems at the present time. The existing gas turbines have very
low efficiencies and give off visible water vapor emissions during the
colder winter months. Also, nitrogen emissions could be of significant
concern for any proposed larger gas-fired plants.

Hydroelectric energy could replace the burning of fossil fuels for
electric power generation in much of the Fairbanks area and could help
to alleviate winter ice fog and smoke problems, which are caused in part
by coal-fired electrical plants in that area.

Hydroelectric projects provide a very clean source of power with
practically no direct air pollution-related problems. This type of
electrical power generation could reduce a substantial amount of future
air pollution problems associated with the burning of gas, oil, and
coal.

An ice-fr,ee stretch of warmer, open water below Devil Canyon Dam
could cause ice-fog conditions in that area during periods of extreme
cold weather ..

Social:

Population: Substantial increases in population are expected
within the Southcentra1 Rai1be1t area through the year 2000, and with
the possible relocation of Alaska's State capital from Juneau to the
Railbe1t, an additional population impact can be expected in this area.

The population of the area will increase with or without the
development. of hydroelectric projects proposed for the Susitna River;
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construction of, the project is not expected to have any significant
effect on overall population growth.

, Economi cs: The proposed two-dam Devi 1 Canyon.:Watana hydro-
electric development would have a minimal to moderate overall effect
depending on various factors involved in the construction program
itself. If the construction unit is brought in from putside Alaska to
develop the project, the social and economic 'impact on the local system
would be minimized, but if the project were construGted using substan
tial labor and material from the Anchorage-Fairbanks area. it would have

'a more moderate effect on local conditions duririg construction of the
project and would .help to stabilize economtc~~aitionsduring tha~
development period. It is projected that about 80 percent (878 out of
1,097 workers) of the labor force would be local and that half (439
workers) of that is labor that would otherwise be un- or underemployed.
The resulting benefit to such labor is the source of Area Redevelopment
benefit.

Various community. borough, State. ~nd private facilities and
agencies would be impacted to varying degrees by the workers involved in
the construction of the proposed project. Workers' camps would be built
in the vicinity of some of the various construction activities, but
additional impacts would be created by the families of the construction
workers living in various nearby communities. who would require addi
tional facilities and services. ','

After the construction of the project, an estimated 45 permanent
personnel would be required to operate and maintain the project and
project-related facilities--these people would not create a significant
overall socioeconomic impact on the Railbelt area.

Other Effects: The lands within the reservoir areas have sporadic
occurrences of permafrost. The lakes would thaw such material to a
considerable depth and increase the probability of earthslides and
erosion of the material. However, the overburden depth to rock is
quite shallow throughout most of the sharply incized canyon terrain
of the two reservoirs and the quantities of materials which would be
involved in'such slides and/or erosion are thus not considered signifi
cant either in terms of reservoir sedimentation or in the creation of
large waves of danger to the dams. It is estimated that of the 210
miles of combined shoreline, 40 miles could experience significant
erosion, while the remaining 170 miles would be subject to only minor
effects. The effects of even the severe erosion would be expected to
last only a few years until the thawed and saturated slopes had attained
equilibrium. .
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Response to Study Objectives: The response of the Devil Canyon
Watana hydropower alternative to the study objectives is summarized
as follows:

Power: Provides 6.91 billion kilowatt-hours average annual
energy. Meets the projected demand until the mid-1990's.

Flood Control: Provides minor flood control benefits.

Air Pollution: Provides partial air pollution abatement by
displacing and or delaying increased use of coal in
Ra i 1beIt area.

Fish and Wildlife: Direct loss of 50,550 acres of land
including 2,100-3.100 acresLof critical winter moose
habitat. Possible adverse effect on caribou migration
and anadronous fish. Probable creation of 300-400
acres of replacement moose habitat. Possible contri
bution to establishment of non-migration fish population.
Provides 50,550 acres of possible waterfowl resting area.

Recreation: Provides light use recreational facilities
equivalent to 77,000 visitor days. Adverse effect on
9 miles of whitewater boating potential.

Conservation of Nonrenewable Resources: Conserves equivalent
of 5.85 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.9 billion
cubic feet of natural gas, or 15.2 million barrels of
oil annually.

Devil Canyon-Watana-Denali: This alternative would be identical to the
previous two-dam system except for the addition of a 260-foot-high
earthfil1 dam at river mile 248 near Denali. This dam would provide an
additional storage area of 54,000 acres, and would have nQ powerhouse.
The first cost of the three-dam system is estimated as $1.89 billion.
Annual costs are estimated as $115,566,000, including $2.'600,000 for
operation, maintenance, and replacements. Average annual project
benefits accrue as follows:

Power
Recreation
Flood Control
Area Redevelopment

Total

The BIC ratio is 1.3 to 1.
Net annual benefits are $29,611,000.
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· The .system wou1 dhave an average annual energy output of 6.91
billion kilowatt-hours and a firm energy output of 6.80 billion kilo
watt-hours from anins~a11ed capacity of 1,552 MW. The project cost of
energy to the distributors would be 21.0 mills per kilowatt-hour. '

Project effects would be essentially identical to the two-dam
project, except as follows:

River Flows: Average regulated downstream flows at Devil Canyon
would.range from about 8,900 cfs in October ~o 11,000 cfs in February.
In extreme years, the flows would range from 7,800 cfs to 16,000 cfs.
Overall, the effect would be to provide better river regulation. Flood
control would remain essentially unchanged with flood control benefits
identical.

Water Quality: Devil Canyon reservoir would remain unchanged.
Watana reservoir would receive less heavy sediment, approximately 3.5
million tons per year rather than 7.1 million tons per year. Denali
reservoir would have a high pool surface area of 54,000 acres and would

.fluctuate an average of 30 to 40 feet annually to a low surface·area of
35,000 acres. The reservoir would be 34 miles long and 6 miles wide at
high pool. The pool would force relocation of 19 miles of the Denali
Highway.

Fish: Resident fish would be severely impacted by the fluctuating I

pool.--sQme might survive in the tributary streams at low pool~ but many
would be trapped in temporary pools and die during drawdown. Downstream
effects on anadromous fish would be identical to the preceding plan..
Adverse effects to resident fish in Watana reservoir could be. increased
marginally since the fluctuation of that reservoir would be increased
from 95-120 feet annually to 110-140 feet, providing a less favorable
environment. Stocking of Denali reservoir would probably be nonbene
ficia1 in that the pool fluctuations would hav~ the same adverse effects
on these fish as on fish now resident to the t~ibutary streams.

Wildlife: The impacts on wildlife would be increased greatly. Of
the 54,000 acres inundated by Denali reservoir, an estimated 52,000
acres are moist tundra and pothole lakes which provide moderate habitat
to moose and are highly significant as caribou habitat. In addition~
the lakes, estimated to number about 400, provide significant resting
and nesting for waterfowl. Effects at the two downstream dams would not
be significantly changed. Human access, via the reservoir at full pool,
would be improved to the headwater areas of the Susitna River. The
major ecosystem in these areas, alpine tundra, is quite fragile and
could be adversely impacted if access were not carefully regulated.
The Denali reservoir would have a high water shoreline about 100 miles
long. However, because of the frequent and rapid pool fluctuations,
little beneficial habitat could be expected to develop.
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Recreation: The Denali reservoir could have significant adverse
impacts on present recreational uses made of the area. Moose and
caribou hunting in this area now accessible by the Denali Highway
provides a large part of the present recreational activity in the Upper
Susitna River Basin. Establishment of the reservoir, by removing much
of the suitable habitat of the game animals, would greatly reduce the
hunting opportunities. Because of the fluctuations in the reservoir
level and the resulting unfavorable conditions for fish, little if any
replacement recreational opportunity would be provided to offset this
loss. No recreational facilities would be provided at the reservoir in
view of the unfavorable conditions.

Historic and Archaeological Sites: In addition to the single site
of historic interest and 40 zones of archaeological interest contained
in the two-dam system, the Denali reservoir would emcompass 20 archaeo
logical zones of interest and 3 potential historical sites.

Mining: The area adjacent to the Denali reservoir has a long and
continuing history of gold mining. Although no active mines would be
inundated by the reservoir, further exploration and/or development
within the confines of the impoundment would be hampered or precluded.

Transmission System: Because Denali Dam would have no generation
capacity, no additional transmission lines or effects would result.

Roads: In addition to the effects of the two-dam system, there
would be a required relocation of about 19 miles of the Denali Highway.
The temporary construction access roads would, for the most part, be
merged into the permanent road. The most significant effects of the
relocation would be loss of about 200 additional acres of wildlife
habitat and better access to the damsite vici.nity, which could impose
added pressures on wildlife.

Construction Activities: The general effects would be those
listed for the two-dam system with the addition of an estimated three to
four years of such activity at the Denali site.

Workers' Facilities: Construction of a Denali Dam would require a
temporary camp for about 600 workers since the only nearby settlements,
Denali and Paxson, do not have facilities which could absorb the work
force. The impacts and controls required would be the same as listed
for the two-dam system.

Esthetics: The Denali Dam and reservoir, with the Denali Highway
crossing the aam structure itself, would be highly visible to all motor
traffic. The reservoir at less than full pool would have a definite
adverse impact on the scenic values of the area. Because of the gener
ally flat terrain within the reservoir,'even a few feet of fluctuation
in the pool level would create a wide "bathtub ring" of defoliated
shore. At large drawdowns, the ring could be a mile or more in width.
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No means of preventing or significantly lessening the impact of this
feature is compatible with the power production objective which requires
the drawdown.

Air Pollution: Except for the short-term effects of construction
activities at Denali Dam, the effects of the three-dam system would be
identical to the two-dam system.

Social: The effects would be the same as for the two-dam system
except that additional employment would be provided. The increased
Area Redevelopment benefits reflect the additional use of un- or under
employed labor in the construction of the additional dam and facilities.
As previously stated, the addition of the Denali Dam would result in an
increase of 4. from 45 to .49, in permanent jobs created in operation and
maintenance of the dam system. The construction of permanent living
quarters at the damsite might be foregone in favor of locating the
personnel at Paxson. .

Other Effects: The Denali reservoir area is underlain by perma
frost. Inundation would cause a significant thawing of this material.
Because of the very flat terrain, earths1ides should not be of conse
quences. However, the material s are generally very fine-grained and
when thawed and saturated could have poor structural integrity "When
subjected to earthquakes. As such, the materials pose a difficult
technical problem in the design of a Denali Dam. The cost of adequate
remedial foundation treatment for the structure is a significant factor
in the overall cost of what would otherwise be a relatively sina11 dam.
Erosion of the thawed shoreline would not contribute significantly
to sedimentation of the reservoir. It is estimated that all of the
100-mi1e shoreline could be subject to severe erosion until equilibrium
was restored and vegetation reestablished.

Response to Study Objectives: The response of the Devil Canyon-Watana
Dena1; hydropower alternative to the study objectives is summari zed
as follows:

Power: Provides 6.91 billion kilowatt-hours average annual
. energy. Meets the projected demand until the mid-1990's.

Flood Control: Provides minor flood oontrol benefit.

Air Pollution: Provides partial air pollution abatement by
displacing and/or delaying increased use of coal in
'Rai 1bel t area.

Fish and Wildlife: Direct loss of 104,550 acres of land,
including 2,100-3,100 acres of critical winter moose
habitat, and 52,000 acres of important caribou habitat
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and waterfowl nesting area. Possible adverse effects
on caribou migration and anadromous fish~ Probable
creation of 300-400 acres of replacement moose habitat.
Possible contribution to establishment of nonmigratory
fish population•. Provides 104,550 acres of possible
waterfowl resting area.

Recreation: Provides light use recreational facilities
equivalent to 77,000 visitor days. Adverse effect
on 9 miles of whitewater boating potential. Probable
adverse effect on recreational hunting and fishing
in 54,OOO-~creDena1i reservoir.

Conservation of Nonrenewable Resources: Conserves
equivalent of 5.85 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.9 billion
cubic feet of natural gas, or 15.2 million barrels of .
oil annually.

Devil Canyon-Watana-Vee-Dena1i: This alternative would consist of the
previously described dams at Devil Canyon and Denali with a lower (51~
feet vs 810 feet) earthfi11 Watana Dam and a 455-foot-high earthfi11 dam
in Vee Canyon at the extreme head of Watana reservoir at river mile 208.
The three downstream dams would have powerhouses and switchyards.An
additional 40 miles of access road would connect Vee Dam to Watana Dam.
An additional 40 miles of transmission line would also be required to
connect Vee Dam to the downstream system. The dam would have a visitor
center, a boat ramp, and limited recreational facilities. The project
first cost is estimated as $1.95 billion. Annual costs are estimated as
$102,491,000, including $3,200,000 for operation, maintenance, and
replacements. Average annual project benefits accrue as follows:

Power
Recreation
Flood Control
Area 'Redevelopment

Total

The BIC ratio is 1.2 to 1.
Net annual benefits are $16,795,000.

$107,865,000
400,000
50,000

10,971 ,000
$119,286,000

The system would have an average annual energy output of 6.88
billion kilowatt-hours and a firm energy output of 6.15 billion
kilowatt-hours from an installed capacity of 1,404 MW. The projected
energy cost to the distributors would be 24.3 mills per kilowatt-hour.
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Project impacts of the Devil Canyon, Watana, and Denali Dams would
be essentially as described previously, except that Watana reservoir
would have an area of only 14,000 acres. Because the most favorable
wildlife habitat is in the vicinity of the stream-river confluences,
there would be essentially the sgme losses of critical winter moose

. habitat as with the higher dam and larger reservoir. Vee reservoir,
about 9,400 acres in extent, would impose the following additional
impacts. '

River Flows: Average regulated downstream flows at Devil Canyon
would range from about 7,900 cfs in October to about 12,200 cfs in
August. In extreme years, the flows would range from 5,800 cfs in
October to 23,000 cfs in August. River regulation would be somewhat
better than that of the two-dam system and not as good as that of the
three-dam system. Flood control benefits would be identical in origin
and value to the other plans ..

Water guality-: Sediment entrapment at Watana reservoir would
decrease·further to 2.0 million tons per year from the 3.5 million tons
p~r year of the three-dam system, the difference bei ng the entrapment of -',
Vee reservoir. All. other downstream water quality effects would remain (
essentially unchanged.

Fish: The lower Watana reservoir level would offer less opportunity
for allowing resident fish to get to the upper tributaries above the
steep sections of these tributaries which now bar use of this possible
habitat. In addition, Ve~ reservoir would flood the mouth of Tyone

'. River with a f1'uctuating and turbid pool and would, in all likelihood,
severely decrease the present resident fish population of this, the main
clearwater tributary of the upper Susitna River. Fluctuations in Watana
reservoir would be decreased to an average of 80-95 feet, which might
offer potential for establishment of a lake-oriented fish populace by
stocking. Simultaneously, fluctuation of Denali reservoir would increase
to an average of 40-60,feet. No change would occur in effects on fish
below the system of dams.

Wildlife: The addition of Vee reservoir to the system would have
, a significant impact on wildlife. About 7,000 acres of the 9,400-acre

reservoir are lowland spruce-hardwood, which is prime moose habitat and
favorable for smaller mammals because of its diverse vegetation. The
inundated lands are much less precipitous than those of the Devil Canyon
and Watana reservoirs and are not only more favorable for, but are much
more heavily used by wildlife, especially by moose. In addition, if the
reservoir systems should prove to bea,barrier to traditional caribou
migratlon routes, forcing the'caribou to go around them, Vee reservoir
would increase the detour mileage from 25 to 45 miles from the Kosina
Creek-Jay Creek vicinity. The Vee 'reservoir would have a high-water
shoreline about 100 miles long. Because of the large and frequent
pool fluctuations, little beneficial habitat could be expected to develop.
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Recreation: Vee reservoir would increase the recreational poten
tial of Watana reservoir by reducing the fluctuation level of that
impoundment. The Vee impoundment and the additional access provided by
the necessary roads would provide added recreational opportunity in
themselves, although the Vee reservoir would have an average drawdown of

.90-100 feet. As with the two downstream reservoirs, low density fishing,
boating, hiking, and camping use would be most in keeping with the land
and location. An increase in use days to about 100,000 (from 77,000)
would give recreational benefits' estimated at $400,000 annually.,

Improved access would also tend to increase hunting pressures in
the area extending from Watana Dam to Vee reservoir. As a result, added
pressures would also be placed on responsible agencies to insure proper
resource management.

Historic and Archaeolorica1 Si tes: . The area at and around the
mouth of Tyone River has aong history of occupation and use by man.
Vee reservoir would affect 25 zones of potential archaeological interest,
by far the most of any single reservoir studied. Representatives of the
native people of the region have indicated that the Tyone River con
fluence with the Susitna River is a long-used and valued area which they
would not care to see disturbed. Construction of the reservoir would
benefit archaeological knowledge in that it would spur exploration of
that area; however, it would adversely affect both the interests of the
native peoples and future possible archaeological explorations.

Mining: The Vee reservoir would, in itself, have little probable
effect on mining potential beyond that of the other impoundments of the
system, especially Denali reservoir.

Transmission System: An additional 40 miles of transmission line
to connect Vee Dam and powerhouse to the system downstream would be
required. This would involve additional clearing and disturbance pf
approximately 900 acres. The effects of this would be the same as for
the rest of the transmission route in type, but would be increased in
proportion to the added line length.

Roads: An additional 40 miles of access road would also be required
for the Vee Dam. This would require approximately 500 additional acres
of habitat loss and disturbance of wildlife. This particular section of
road would intersect the general caribou migration routes in the Kosina
Jay Creeks vicinity. Although the road should pose no bar to migration,
there would be possible interference between the animals and humans
inasmuch as the road would be open to vehicles during the summer when
the northward movement of the herd could be expected.

Construction Activities: The type of effects would be the same as .
for Devil Canyon and Watana Dams. Vee Dam would prolong the period of
effects by about five more years.
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Workers' Facilities: As with the preceding systems. no existing
cOl11l1unities£ould absorb the project workforce. Commutin~ distance from
the nearest 'established camp facility. Watana Dam. would De too great
for economical use of these facilities. Thus. a temporary camp would be
required in the vicinity of the damsite. The effects would be identical
and additive to those previously described for the two-and three-dam
systems.

Esthetics: The previously discussed adverse visual impacts would
be increased. The Jlbathtub ring Jl at Denali reservoir would be increased
by the added drawdown. The Vee reservoir area. not so much the steep
canyon sections downstream of Oshetna River. but the more gently sloped.
rolling terrain in the Tyone River and upstream area, would acquire a
similar ring of defoliated barren land which would decrease the 'scenic
value drastically. T~ese would be additions to the downstream effects
descri bed for the-Q.ttLer systems. .

Air Pollution: Except for the short-term effects during construc
tion of Vee Dam. the effects of the four-dam system would be identical
to the three-dam system.

Social: The effects would be the same as for the two- and three
dam systems except that additional employment would be provided. The
Area Redevelopment benefits from this plan reflect the increase in use
of un- or underemployed labor over the other plans. Facilities would
have to be provided at the dam for permanent operating. personnel. It is
estimated that 10 additional pennanent jobs would be created by con
stru~tion 'of Vee Dam, raising the system total to 59.

Other Effects: The effects of the reservoir on underlying perma
'frost would be a combination of the effects at the downstream reser
voirs and the Denali impoundment since the Vee reservoir would lie
in part in steep canyons with shallow frozen overburden and in part
in flatter terrain similar to the Denali area. No significant reser
voir sedimentation or sl~de-caused waves would be expected. Signifi
cant shoreline erosion would be expected to affect 'about 35 miles of
the shoreline' for a few years until an equilibrium condition was
reached.

Response to Study Ob~ectives: The response of the Devil· Canyon
Watana-Vee-Denali hy ropower alternative to the study objectives is

. summarized as follows:

Power: Provides 6.88 billion kilowatt-hours average
annual energy. ~1eets the projected demandunti 1
the mid-1990's.

Flood Control: Provides minor flood control benefits.
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Air Pollution: Provides partial air pollution abatement by
displacing and/or delaying increased use o~ coal in
Ra i1beIt area.

Fish and Wildlife: Direct loss of 84,950 acres of land
including 9,lOO~10,lOO acres of critical winter moose
habitat. and 52.000 acres of important caribou habitat
and waterfowl nesting area. Possible adverse effects
on caribou migration and anadromous fish. Probable
creation of 300-400 acres of replacement moose habitat.
Possible contribution to establishment of non-migratory
fish population. Provides 84.950 acres of possible
waterfowl resting area.

Recreation: Provides light use recreational facilities
equivalent to 100,000 visitor days. Adverse effect
on 9 miles of whitewater boating potential. Probable
adverse effect on present hunting-fishing use of Tyone
River confluence.

Conservation of Nonrenewable Resources: Conserves
equivalent of 5.83 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.2
billion cubic feet of natural gas, or 15.1 million
barrels of oil annually.

NED PLAN

From the preceding evaluations. it is concluded that the system
comprised of dams at the Devil Canyon and Watana sites best accomplishes
the objective of maximizing National Economic Development. The two-dam
system has the highest B/C ratio at 1.3 and the maximum net benefits at
$33,856,000 annually while producing electrical energy equal to any of
the other plans.

EQ PLAN

From the preceding evaluations, it is evident that no means of
producing a meaningful output of electrical energy was found to be free
of significant adverse environmental effects. , The plan which minimizes
the unavoidable adverse impacts on fish and wildlife values while
providing beneficial contributions to air and water quality and social
well-being is considered to contribute most to the Environmental Quality
objectives. On this basis, the system of two dams at Devil Canyon and
Watana is also the EQ plan.
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THE SELECTED PLAN

The two-dam Devil Canyon-Watana system is selected as the plan
providing the best overall response to the study objectives. The
following table displays a summary comparison of the significant
facts and factors which guided formulati'on of the selected plan.
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THE SELECTED PLAN

The selected plan, shown on Plate l,cons;sts ofatwo-dam
development on the upper Susitna River." The Devil Canyon damstte
is located at river mile 134, about 14.5 miles upstream from Gold
Creek, the closest point on the Alaska Railroad. The Watana damsite
is located at river, mile 165, approximately 2 river miles upstream
from the upper limit of the Devil Canyon reservoir. Watana Dam will
be constructed first.

WATANA DAM FEATURES

The main dam, shown on Plate 2, consists of an earthfill structure
810 feet high with a crest length of 3,200 feet. The upstream side
slope is 1 on 2.5 and a downstream side slope of 1 on 2, and the crest
elevation is 2,,210 feet. msl. The dam was designed for earthquakes
using a Maximum Credible Earthquake (MCE) of magnitude 8.5 on the
Richter Scale. originating at the Denali Fault 40 miles to the north.

,Consideration was given to the effects of a lesser magnitude (6.0)
, earthquake originating at the short Susitna Fault 2-1/2 miles east of
the damsite.

The saddle spillway is 210 feet wide with a low ogee crest at
elevation 2162 feet. ms1. The spillway is controlled with three 59-foot
x .42-foot tainter gates. Routing of the design flood through the
spillway resulted in a maximum discharge of 193.000 cfs at a reservoir
pool ~levation of 2205 feet. ms1.

The intake structure is approximately 370 feet high and is located
on the left bank about 700 feet upstream from the dam. It has multi
level intake portals sized to pass a discharge of 24,500 cfs.

The diversion plan at the damsite consists of two intake strijctures
in the right abutment, 'one at elevation 1925 and the other at elevation
1725. which join the two 30-foot horseshoe diversion tunnels near the
dam axis. Each of the tunnels is about 4.000 feet long. The facilities
wi 11 p'rovide protection of the construction site for a 20-year frequency·
flood estimated to be 72.000 cfs and allow reservoir drawdown under
emergency conditions.

The Watana powerp1ant is located in an underground chamber in the
left· abutment and will house three 236-MW generating units and three
324,OOO-horsepower Francis turbines. The powerhouse chamber will also
contain transformers, two GOO-ton cranes, machine shop, and other
necessary equipment. Vehicle access to the powerp1ant is provided by a
service road 1.9 miles long, including a 2,100-foot tunnel.
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SUMMARY COMPARISON OF ALTERNATIVE PLANS

Q

A. PLAN OESCRIPTION

1• Dam Hei ghts

2. Dependab] e Capaci ty

B. SIGNIFICANT IMPACTS

C. PLAN EVALUATION

1. Contribution ~o Planning Objective
a. Fi rm Annua1 Energy
b. Average Annual Energy
c. Percent of Basin Potential
d. System Dependability

PLAN A

WITilOIlT CO~1lITION

Conventional Coal Thermal Plant

Non-Federal financing of a 300-mw coal
fired generating plant at Healy and a
l,200-mw coal-fired plant at Beluga.
The plants would have 35-year service
lives. Project would include costs for'
coal mining and separate Healy-to
Fairbanks and Beluga-to-Anchorage trans
mission systems.

No Dams

1.500,000 kilowatts

(Included in Relationship to Four
Accounts)

6,BOO,OOO,OOO .kilowatt-hours
6.910,000.000 kilowatt-hpurs
Not Applicable

No grid iniertie of major load centers.
Reduced dependabi 1i.ty.

PLAN II

NATIONAL ECONOMIC DEVELOPMENT (NED)
ENVIRONMENTAL QUALIlY (EQ) P~5

Devil canyon~atana Dams

Federal financing of the total system
to include a thin-arch dam and under
ground powerplant at the Oevil Canyon
site, and' an earthfill dam and under
ground powerplant at the Watana site.
Both projects would provide at-site
power generation. Watana would prOVide
the seasonal storage for the system.
Plan would also include transmission
system between' projects and to the
Anchorage and Fa i rbanks load centers.

1. Devi 1 Canyon - 635 feet
2. Watana - 810 feet

1.394.000 kilowatts

(Included in Relationship to Four
Accounts)

6.100,000.000 kilowatt-hours
6;910.000,000 kilowatt-hours

96%
Provides 9rid intertie of major load
centers.

PLAN C

MAXIMUM POWER DEVELOPMENT PLAN

l

Devil C&nyon--Watana-Denall Dams

This plan is basically the same as the
Plan B. but with the addition of the
Oenali Project would have no at-site
power generation and would be used only
for low flow aU9mentation of the two
dQwnstream projects.

,J. Devil Canyon - 635 feet
2. Watana - 810 feet
3. Denali - 260 feet

1.552.000 kilowattS'

(Included in Relationship to Four
Accounts)

6,800,000,000 kilowatt-hours
6,910.000,000 kilowatt-hours

96%
Provides grid intertie of major load
centers.

PLAN D

PREVIOUSLY .RECOMMENDED PLAN

USBR Four-Dam 5y8 tern

Thi sis the system proposed by the
Bureau. of Reclamation in its 1952 report
on hydropower resources of the Upper
Susitna River Basin. Federal financing
of the total system to include a
thin~arch dam and powerplant at the
Devil Canyon site. a low head earth-
fill dam and powerplant at the Watana
site, an earthfill dam and powerplant
at the Vee site, and a flow augmenta
tion reservoir at the Denali site.
Plan would also include transmission
system between projects. and to the
two load centers.

...r.. Devi) . Canyun - 635 feet
IL. Watana - 515 feet
3. Vee - 455 feet
4. Denali - 260 feet

1,404.000 kilowatts

(Included in Relationship to Four
Accounts) , .

6,150.000,000 kilowatt-hours
6,880.000,000 kilowatt-hours' ,

95%
Provides 9rid intertie of major load
centers. .

$29,611,000 $16.795,000
1.3 1.2

104.550 84.950
45,000 45,000

116 138
9 9

4,000 10.000
52.000 52,000

400 400

60 85

2. Relationship to Four Accounts
a. National Economic Development (NED)

NEil NED BENEFITS
BENEFIT-TO-COST RATIO

b. Environmental Quality (EQ)
Acreage Inundated or Oestroyed
Drawdown Zone Acreage
Stream Mileage. Inundated or De9raded
Whitewater Mileage Inundated
Major Ecosystems, Acreage Inundated

or Destroyed
Important Moose Habitat
Important Caribou Habi tat
Important Waterfowl Habi tat
(number of pothole 1akes)

Archaeological Zones Precluded
from Post-Construction Studies

Prehistoric Sites Inundated or
Oestroyed

Historic Sites Inundated or
Destroyed

c. Social Well-Being (SWB)
Ener9Y Resources Conserved in

Tons per Year
d. Regional Development (RD)

Cost of Power in Mill s/Kwhr

3. Plan Response to Associated Evaluation
Criteria

a. Acceptability

o
1.0

20,000
o

110-120
o

lB.OOO
2,000
2,000 acres

Unquantified area has v.ery hi9h
potential

26.4 - 31.4

This plan is the worst from the stand
point of conservation of nonrenewable
resources. It has large adverse EQ
effects in that it requires strip
mining of 20.000 acres of important
wildlife habitat, it degrades water
quality by chemical inputs and suspended
sediments, and it degrades air quality
by inputs of particulates and chemical
pollutants. Its NED performance is
acceptable. It provides no flood
control or recreational opportunity.

$33.856,000
1.3

50,550
13,000

82
9

4.000
o
o

40

5.850.000

21.1

Maximum beneficial impacts of options
studied in NED and EQ accounts.
Supported by consensus of mos t pub1i cs.
PI an has drawn some concern because of
possibil ity for induced population
growth a~sociated with initial power on
line, as'well as the adverse impact on
fish and wildlife values. Would pro
vide flood control and recreation
potential.

5,850.000

21.0

~
reater adverse EQ effects than in
ecommended plan. Ranks second· to
he recommended plan in the NED account.
ould provide maximum firm power of
ydro development plans. Would provide

'''' "."" ... '""",,,. "",,,.1.

5,830.000

24.3

Beneficial impacts in NED. SWB, and
RD accounts. Has good potential for
stage development of hydro projects
and is plan favored by Alaska Power
Administration. Ranks low in the EQ
account in comparison to other alter
natives. Would provide flood control
and recreation potential.
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SUMMARY CQMl'ARISON OF ALTERNATIVE PLAN (continued)

PLAN A

WITHOUT CONDITIOll

Conventional Coal ,Thennal Plant

C. PLAN EVALUATION (Cont.)

3. Plan Response to Associated Evaluation
Criteria' (Cont.)

PLAN B

NATIONAL ECONOMIC DEVELOPMENT (NED)
ENVIRONMENTAL QUALITY (EQ) PLANS

Devil .canyon-Wa tana Dams

PLAN C

MAXIMUM POWER DEVELOPMENT PLAN

Devil Canyon-Watana-Denali Dams

PLAN D

PREVIOUSLY RECOMMENDED PLAN

USDR Four-Dam System

b. Certainty This appears to .be an implementahle pIa
which could be pursued to meet energy
needs for the near and long range
future. It is the most flexible plan
in terms of incremental development and
operation ,potentials.

Foundation conditions appear adequate
for construction of both projects.
Transmi,ssion system is within the ~ans

of present technolo'gy. Least flexible
of alternatives to changes in projected
power demand.

Same evalua tion as for Plan B except for'
storage control project at Denali site.
Additional explorational required before
this structure could be recommended.
More fleXible than Plan B.

Same evaluation as for Plan C except
for the power project at the Vee site.
Additional exploration of abutment
material required before this dam
could be recommended for the s truc tura
height stated above. Most flexible
of hydro alternatives.

c. Completeness Could rna tch the energy output of any
plans evaluated herein as long as fuel
source is availab.le.

Provides adequate power to satisfy
projected demand growth until mid ..1990's
Little potential for expansion. Demand
beyond .the project capability will have
to be met by other development.

Provides a1iequate power to satisfy IProvides adequate power to satisfy
projected demand growth until mid-1990's projected de-mand growth until mid-l9?O's.
Little po ten tia! for expansion. Demand Little potential for expansion. Demand
beyond the project capability will have beyond the project capability will have
to be met by other development. to be met by other development.

d. 'Effectivensess

D. IMPLEMENTATION RESPONSIBILITY

Could be expanded i.ndefinitely to
limits of fuel.

Would develop 96 percent of basin
gevelopment potential.

Develops greatest firm power - equal
to' Plan B in average annual pcwer.

Would develop 95 percent of basin
development potential.

o
~

1. Financial Respons'ibility

2. Recreation Sponsor'ship

Private 8nd/or semi-public entities
coordinated with Federal and State
regulatory agencies.

None

Federal Governnent with power marketed I Federal Govermnent with power marketed I Federal Government with power
through the Alaska Power Administration. through the Alaska Power Administration. marketed through the Alaska Power

Adminis tration.

State of ·Alaska I State of Alaska I State of Alaska



A cost comparison between an above ground versus an underground
powerp1ant at the Watana damsite showed that the underground plant was
less expensive. This and other factors, such as severe winter weather
conditions, short construction season. higher maintenance costs, and
scarcity of a good above-ground powerp1ant site location. led to the
selection of the underground powerhouse.

, ,

The Watana switchyard is placed on the left bank of the Susitna\
River just downstream of the dam. The switchyard is approximately 700
feet by 500 feet. and at elevation 2100 feet. msl.

A large portion of the lands within the Watana reservoir area was
withdrawn for power' purposes in February 1958 by Powersite Classifi
cation No. 443. The powersite withdrawal for Watanainc1udes all lands
below the 1910-foot contour. However, access roads. transmission
corridors. and some other project features. as well as additional lands
required for the larger reservoir. were not included in the withdrawal.
There are no existing roads. railroads. or other improvements affected
by the reservoir impoundment. The additional lands required are esti
mated at 35.000 acres.

Watana reservoir would have a surface area of 43,000 acres at
normal full pool elevation of 2.200 feet. The normal minimum power pool
level would be at elevation 1950. while the maximum elevation produced
by the design flood would be 2.205 feet. The reservoir will extend
about 54 miles upstream to above the confluence of the Oshetna River.

A 24-foot-wide access road, designed t9- AASHO standards. will
connect the damsites to the Parks Highway near Chulitna. A 650-foot
long bridge will be required to cross the Susitna River downstream of
Devil Canyon. Devil Canyon damsite will be near mil~ 27 of the 64-mi1e
road to Watana.

A.subsidiary purpose in the construction of the electric trans
mission line will be the interconnection of the two largest electrical
power distribution grids in the State of Alaska. which will result in
increased reliability of service and lower cost of power generation.

Most of the power, generated. would be used in the Fairbanks-Tanana
Valley and the Anchorage-Kenai Peninsula areas. The transmission system
proposed would consist of two 198-mile, 230 kv single circuit lines from
Devil Canyon switchyard to Fairbanks (called the Nenana corridor), and
two 136-mi1e. 345kv single circuit lines from the switchyard to the
Anchorage area (called the Susitna corridor). Power would be carried
from Watana to Devil Canyon by two 30-mile. 230 kv transmission lines.
Total length of the lines would be 364 miles. Transmission line corri
dors would require a right-of-way totaling about 8,200 acres. The
cleared portion would be 186-210 feet wide and total about 6,100 acres.
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Towers would be either steel or aluminum, and of free-standing or guyed
type, depending upon final design and local conditions.

Tentative sites have been selected for the temporary trai1er
modular dormitory construction camp as well as for permanent facilities.
Operation and maintenance faci1ities.at the damsite include a 50-foot by
100-foot warehouse, a vehicle storage building, and permanent living
quarters.

DEVIL CANYON DAM FEATURES

The main dam, shown on Plate 3, consists of three integral sec
tions: (1) a 635-foot-high concrete, .doub1e curvature, thin-arch
section with crest length ~f 1.370 feet; (2) a 110-foot-high concrete
thrust block section with crest. length of 155 feet; and (3) a 200-foot
high fill section in the left abutment with a 950-foot crest length. An
earthquake stability analysis was made based on the same 8.5 MCE as for
Watana.

The intake structures will be integral with the arch dam. They
will be gated to provide selective withdrawal at intervals between
elevations 1.100 and 1,400. The chute spillway is placed in the left
abutment between th.ethrust block and fill sections of the dam.· The
spillway design flood is 222.000 cfs. The spillway will have. an ogee
crest at elevation 1395 with two 64-foot by 60-foot gates. The chute
will terminate in a superelevated flip bucket at elevation 1110, which
will discharge parallel to the river. This spillway design should
minimize nitrogen supersaturation as well as riverbed erosion.

The outlet works consist of four ll-foot by 7-1/2-foot gated
sluiceways at elevation 1075, which will have a minimum discharge
capacity of 21,000 cubic feet per second at a 75-foot head. Each
sluiceway ends in a flip lip to project water away from the dam toe.
The outlet works are adequate to meet emergency drawdown requirements.

\

The Susitna River will be diverted through a 1.150-foot-long, 26
foot concrete-lined horseshoe tunnel located in the left abutment.
Cellular cofferdams will be constructed upstream and downstream of the
dam to provide protection of the construction site against the Watana
Dam power flows of 20.000 cubic feet per second.

The Devil Canyon powerhouse is located in an underground chamber in
the right abutment. Initially. four 171-MW generating units are to be
installed with four 234,OOO-horsepower Francis turbines. The powerhouse
will also contain two 425-ton cranes, service areas. and a machine shop
for equipment maintenance and repair. A separate upstream underground
chamber will house transformers and circuit breakers. .
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Vehicle access to the powerp1ant is provided by a service road
across the top of the dam and an ~11-weather road on the right side of
the river. The road will be 2.3 miles long including a 2,lOO-foot
tunnel. .

The Devil Canyon switchYard is located on the left bank of the
river immediately downstream of the rockfil1 section of the dam.

The major portion of the lands within the reservoir area were
withdrawn for power purposes in 1958. The Devil Canyon Dam powersite
withdrawal includes all lands below the l,500-foot contour elevation.
Devil Canyon reservoir would have a surface area of 7,550 acres at
normal full pool elevation of 1,450 feet. The minimum power pool level
would be at elevation 1,275, while the maximum elevation produoed by
the design flood would be 1,455 feet. The reservoir would extend about
28 miles upstream to about 2 miles below the Watana damsite. The
reservoi·r area, confined within the Susitna River canyon, is narrow.

Devil Canyon damsitewill be 27 road miles from the Parks Highway
and 37 road miles from Watana. •

Tentative sites have been selected for temporary construction camps
as well as for permanent facilities for operating personnel. The
temporary construction camps will consist of units reused from the
construction of Watana Dam.

OPERATION PLAN

For study purposes the reservoirs were operated to provide optimum
power operation during the average year. To maintain maximum powerhead,
Devil Canyon was given priority by providing storage releases from
Watana as necessary. Watana was operated to maintain the Devil Canyon
maximum pool and to provide additional capacity and energy.

During the first five years of operation, prior to the completion
of the Devil Canyon project, Watana would be operated to provide capa
city and generation as demanded to the limits of its capability. Full
pool conditions would usually occur during the summer months of July
through October (the most severe historic floods have usually occurred
during the spring snowmelt of May and June). Devil Canyon reservoir is
expected to remain full almost 100 percent of the time.

CONSTRUCTION SCHEDULE

Construction Season: The outdoor construction season at Devil Canyon
and Watana damsites is about six months and could be extended by
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careful scheduling. planning. and the use of temporary. heated enclosures
where construction situations would permit.

Preconstruction Planning for the Selected Plan: A period of about four
. years is estlmated for preconstruction planning. The work scheduled for

this period includes an economic reanalysis. detailed environmental and
archaeological surveys. topographic surveys. and explorations and
foundation investigations for the Devil Canyon and Watana damsites.

A 52-mile pioneer road from Gold Creek to the Watana damsite would
be constructed during preconstruction to allow heavy exploration equip
ment into the project area to facilitate the preconstruction investigations.

ConstrucUon Schedule for the Selected Plan:

General: The constructipn period for the selected plan is esti
mated to be 10 years. 6 years forWatana Dam and powerplant. and 5 years
for Devil Canyon Dam and powerplant. Construction period for trans
mission facilities is 3 years. Concurrent construction will be required
to meet power-on-1ine schedules. The following paragraphs describe the
sequence of construction for the selected plan's projects.

Diversion Plans: Construction of the diversion works would start
in the winter of the first year for Watana and the winter season of the
fifth year for Devil Canyon. The diversion works could each be completed
in two years.

Main Dams: Site clearing and foundation preparation would start in
the third year with material placement scheduled from the fourth into
the sixth year of construction for Watana Dam. The diversion tunnel'
would be closed in spring of the final construction year and Watana
reservoir would fill to its normal full pool elevation by fall to supply
power-on-line the following winter.

Clearing and foundation preparation for Devil Canyon would start in
the seventh year with material placement beginning in the eighth year
and continuing into the tenth year of construction. The diversion
tunnel would be closed in spring of the tenth year and the reservoir
would be filled by fall of the tenth year.

Powerhouses: Construction of underground powerhouses would be
concurrent with the main dams of both projects; and excavation and
installation of mechanical and electrical equipment would continue year
round. Four generating units would be installed in the Devil Canyon
powerp1antand three generating units in the Watana powerplant. Power
on-line (POL) for Watana lsscheduled for 1986 and Devil Canyon POL is
scheduled for 1990.
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PROJECT COSTS

ECaU,lICS (f lliE SElEcrED PIA~

$1,401,295,000
251,841,000

$1,653,136,000

$101,520,000
1,928,000
. 572,000

$104,020,060

Interest and Amortization
Operation and Maintenance
Replacement

Average Annual Cost

Project Cost (Present Worth)
Interest During Construction (PW)

Investment Cost

The estimated average annual operation and maintenance cost over
the 100-year project life of the se1ected'plan is $1,928,000. Annual
costs for replacement of mechanical equipment and other items which
normally have a useful life less than the100..;year project life are
estimated at $572,000 . .!!

The following table summarizes the average annual cost for the
selected plan:

Amortization of this amount with interest at a rate of 6-1/8
percent and a project economic life of 100 years r.esu1ts in an annual
cost of $101,520,000.

The investment cost, $1,653,136,000, is the project cost plus
interest during construction, both discounted to the 1986 power-on-1ine
date.

A detailed cost estimate for the selected plan is contained in
Section B, Appendix I.

The estimated construction cost of the selected plan is $1,520,000,000,
which includes $572,000 in non-Federal recreational cost~. Adding the
$11,800,000 value of public domain transferred without cost gives a
total project cost of $1,531,800,000.

Interest during construction is computed as simple interest on
project costs from the estimated date of expenditure, to the appropriate
power-on-1ine date. The project costs and interest during construction
for the Devil Canyon Dam are discounted to the Watana power-on-1ine
date of October 1986.

17 The O,r1&R costs other than those for recreation were provided by
Alaska Power Administration.



COST ALLOCATION·

Allocation of estimated costs according to the Alternative
Justifiable Expenditure method resulted in the following apportion
ment of joint-use costs:

,
I

PURPOSE

Power
Recreation

. Flood Control

PERCENT Of JOINT-USE COSTS

99.69%
0.22%
0.09%

The cost allocation results are tabulated below:

COST ALLOCATION ($1,000)

Flood
Power Recreation Control Total

t"l,

Construction Cost $1,516,326 $2,912 $762 $1,520,000
Public Domain Cost 11,768 23 9 11 ,800
Interest During Constructton 280,839 587 164 281,590
Operation, Maintenance, and

Replacement (Annual Cost) 2,397 102 1 2,500

PROJECT BENEFITS

Benefits accrue to the selected plan from the sale and improved
reliability of electric power provided by the project, flood damages
prevented, recreational opportunity provided, and Area Redevelopment·
from the utilization of unemployed labor.

Power: Power benefits are calculated by applying the project capacity
and energy to power values derived by the Federal Power Commission and
from increased reliability p,.rovided by the intertie of the Anchorage
Fairbanks power grids.

Summary of Power Benefits ($1,000)

Cap~ci ty

93,807

Prime Energy

30,883

Secondary Energy

2,516

Intertie

947

Total

128,153

Recreation: Recreational benefits are calculated as the use-day value
of recreational opportunity provided by the project.
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1I Rounded

Flood Control: Flood control benefits are calculated as the value of
decreased ma'intenance of erosion protection to the Alaska Railroad,
The benefit totals $50,000 annually.

Area Redevelopmen~: The Area Redevelopment benefit is calculated as
.the value of employment provided to un- or underemployed Alaskan labor
by project construction. Such employment is estimated as 4,390 man
years giving an average annual benefit of $9,373,000.

Summary of Benefits: Estimated annual benefits are summarized as follows:

Category Value ($1,000)

190 300

Total

128,153
300
50

. 9,373
137,876Total

Summary of Recreational Benefits ($1,000) 1I

Specialized

Power
Recreation
Flood Control
Area Redevelopment
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General

PROJECT JUSTIFICATION

The following table summarizes the project economic factors.

Summary of Economic Factors

Item

Average Annual Benefits
Annual Costs
BIC Ratio
Net Annual Benefits

Recreation

$300,000 .
165,000

1.8
$135,000

Non-Recreation

$137,576,000
103,855,000

1.3
$ 33,721,000

Total

$137,876,000
104,020,000

1.3
$33,856,000

The analyses show the project and the incremental recreational
development to be justified.
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DIVISION OF PLAN RESPONSIBILITIES

The pr.oject benefits accrue 93.4 percent to power. 6.3 percent
to Area Redevelopment. 0.2 percent to recreation. and 0.1 percent to
flood control. All purposes except recreation are solely the respon
sibility of the Federal Government. while recreation requires partici
pation by a sponsor. In the case of the selected plan. although title
to most of the project<lat1ds presently rests with the Bureau of land
Management. there is every indication that title will .in the near
future. pass to the State of Alaska. Thus. project sponsorship for
recreation will also rest with the State.

FEDERAL RESPONSIBILITIES

The United States will design. construct. mainta~in.and operate
the dams. powerp1ants. roads. and transmission facilities. and will
share fn the planning. design. and construction of the recreational
facilities following Congressional authorization and funding. and
after receipt of all required non-Federal contributions and assurances.

The presently estimated Federal share of the total first cost
of the project is $1.520.000.000. including an estimated cost of
$572.300 for recreation. Annual operation. maintenance. and replacement
costs. exclusive of recreation. are $2.400.000.

NON-FEDERAL RESPONSIBILITIES

Non-Federal interests must. prior to the start of construction
of recreational facilities. prOVide to the Secretary of theAriny
acceptable assurances that they wiJ 1.in accordance with the Federal
Water Project Recreation Act. Public law 89~72:

a. Adininister1and and water areas for recreation.

b. Pay. contribute:in kind. or repay (which may be through
water-use fees) with interest.· one-half of the separable costs of
the project a1.1ocated to recreation.

c. Bear all ,Costs of operation. maintenance. and replacements
of lands and 'facilities for recreation. .,
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PLAN IMPLEMENTATION

The steps necessary to follow in realizing the construction of
the proposed plan of improvement are summarized as follows:

Review of this report by higher Corps of Engineers authorities
such as North Pacific Division, the Board of Engineers for Rivers and
Harbors, and the Office of the Chief of Engineers.

The Chief of Engineers would then seek formal review and comment
by the Governor of Alaska and interested Federal agencies.

Following the above State and interagency review, the final report
of the Chi ef of Engi neers would be forwarded by the Secretary of the
Army to the Congress, subsequent to hi s seeki ng the comments of the
Office of Management and Budget regarding the relationship of the project
to the program of the President.

Congressional authorization of the hydropower project would thEm
be required. This would include appropriate review and hearings by
the Public Works Committees.

If the project is authorized, the Chief of Engineers would then'
include funds, when appropriate, in his budget requests for preconstruc
tion planning of the project.

When Congress appropriates the necessary funds, advanced engineering
. and design studies will be initiated, project formulation reviewed,

and the plan reaffirmed or modifi.ed to 'meet the then current conditions.
At this time, assurances of local cooperation will be required from
non-Federal interests as appropriate.

Surveys, materials investigations, and preparation of design
criteria, plans, specifications, and an engineering estimate of cost
would then be accomplished by the District Engfneer. At this time, a
formal contractual agr~ement for provision of the necessary local
cooperation would be required. The District Engineer would then
invitebldsand award a contract. .

Following completion of certain sections of the project, local
interests would be responsible for t~eir operation and maintenance.

It is not possible to accurately estimate a schedule for the above
steps because of the variables in the reviewing and funding processes.
Once the project is authorized anq initially funded, it would be
possible to complete design and construction within a l4-year period
if adequate funds are available.
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VIEWS OF NON-FEDERAL INTERESTS

An active public participation program was maintained throughout
the study through public meetings, workshops, informal coordination
meetings, and correspondence.

PUBLIC MEETINGS

Preliminary public meetings were held in Fairbanks on 6 May 1974
and Anchorage on 8 May 1974. The meetings were to inform the public
of the existence and intent of the study, to assess public views as
to their needs and concerns, and to request their input whether it be
information, comment, or question. Several environmental groups
stated that they would reserve judgment of the project until the
Draft Environmental Statement was available for review. Concerns
expressed by these ~roups (the Alaska Center for the Environment
and the Sierra Club) included impacts upon the future quality of life
in Alaska, which would be caused by hydroelectric development. They.
also questioned the Alaska Power Administration's projection of power
needs, the examination of alternatives, and the shipping of Alaska's
fossil fuels elsewhere. They stressed the need for coordination with
the Alaska Land Use Planning Commission, and suggested public hearings
on the Final Environmental Impact Statement.

Intermediate public meetings were held at Anchorage on 27 May 1975
and at Fairbanks on 29 May 1975. A public brochure outlining the study
progress; alternatives developed; and preliminary data on the dimensions,
outputs, an~.environmenta1 effects of the alternatives, was distributed.
The meeting resulted in general expression of the preferability of
hydropower to fossil fuel alternatives. Environmental groups represented
included the Alaska Conservation Society, the Sierra Club, and the
Alaska Center for the Environment. Comments of these groups included
the opinion that the project would spur more growth, but that nuclear
energy was bel i eved not to be an acceptable energy source at this time.
They further recommended the alternative of burning solid wastes to
produce power. They were troubled by the location of transmission lines,
and stated that we may have a greater need for hydroelectric power in
50-75 years. They questioned hydroelectric power as being a renewable
resource. Other concerns included land status of the affected areas,
siltation, costs of power, and the need for considering alternative
sources of power. Assurances were given that such effects and many
others were under study and would be given careful consideration in
design and construction of any recommended project.
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Late stage public meetings were held at Anchorage on 7 October 1975
and at Fairbanks on 8 October 1975 to present the study findings and
the District Engineer's tentative conclusions and recommendations.
A number of environmental groups were represented at one or both of
these meetings. They included: the Isaac Walton League. the Mountaineering
Club of Alaska, the Alaska Conservation Society. Knik Kanoers and
Kayakers, and Fairbanks Environmental Center. Comments included the
need for Corps funding for fish and wildlife studies and data processing
of environmental information. Expressed concerns included the inundation
of a scenic, whitewater river. location of the project area too close
to a proposed Talkeetna State Park, too much human use in the area.
impacts on moose habitat and downstream salmon runs. differences reflected
in the 1960 and 1975 cost estimates. the low interest rate used in
computing project benefits. who would operate the dams and sell the
power, reservoir siltation. turbidity. fluctuations in streamflows.
impacts on permafrost, the possibility of earthquakes, the formation
of frazil ice, the geology of the area, benefits claimed for flood
control. the location of transmission corridors and construction of
transmission lines. land status, impacts upon population growth.
recreational development. the production of secondary energy. and

. others. Most of these groups voiced either strong opposition to the
project or reserved judgment pending further studies and specific
project recommendations.

Many organizations, groups, and individuals expressed support of
the selected plan. An informal poll of people attending the late
stage public meetings indicated about five persons favoring to each
person opposing the project.

WORKSHOPS

Workshop meetings were arranged and held with the following
interested groups:

30 April 1974 with environmental organizations

29 October 1974 with Federal and State agencies

13 March 1975 with the Cook Inlet and AHTNA regional native
corpora ti ons .

INFORMAL MEETINGS

Informal meetings at the field level were held throughout the
study with participating and interested Federal and State agencies on
topics including but not limited to technical. environmental. archaeo
logical and historical, economic. and recreational aspects of the study.
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CORRESPONDENCE

Appendix 2 contains a representative display of correspondence
from non-Federal agencies, groups, and individuals. Included specifically
isa letter from the State of Alaska, Division of Parks', 'expressing
willingnes~ to participate in the cooperative planning and development
of recreation for the project.

The concurring comments of the State of Alaska, Department of
Fish and Game, are included in report of the United States, Fish and
Wildlife Service project report which is reproduced in Appendix 2.
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REVIEW BY OTHER FEDERAL AGENCIES .

The study of the Upper Susitna River Basin project has been
reviewed by the following Federal agencies having responsibilities
related to water resource development:

U.s. FISH AND WILDLIFE SERVICE

In accordance with the Fish and Wildlife Coordination Act,
48 Stat. 401, as amended: 16 U.S.C. 661 et. seq., and the National
Environmental Policy Act of 1969 (P.L. 90-190; 83 Stat. 652-856), the
U.S. Fish and Wildlife Service has reviewed the project propo~al and has
prepared a report recommending:

1. The project be designed, constructed, and operated in. such a
manner as to provide water releases or a flow regime belowWatana and
Devil Canyon Dams of suitable temperature and water quality, to preserve
existing downstream fish resources. Sufficient detailed. hydraulic and
biological information is not available at this time to determine the
above requirements. Should the flow requirements and water quality
needed to preserve the existing downstream fish resources not be obtain
able or that the fish resources are lost asaresult of the project
construction or operation, artificial propagation facilities will be
required at project cost. In the event that adequate natural repro
duction fails to occur in the tributary streams to the reservoir areas,
a stocking program will be required at project expense. Costs of
appropriate studies, design, construction, operation, and maintenance of
the facilities should be authorized as a project cost. The design and
location of the artificial propagation facilities should be developed
cooperatively with the Fish and Wildlife Service, Alaska Department of
Fish and Game, National Marine Fisheries Service, and the Corps of
Engineers. The facility would be operated by the Alaska Department of
Fi sh and Game.

2. If fluctuations of discharge flows below Watana and Devil
Canyon Dams create a public.hazard or are detrimental to the maintenance
of downstream fish resources, a regulating dam and reservoir will be
required.

3. Provide safe and convenient access for fishermen to project
facilities for recreational purposes.

4. The report of the District Engineer include the preservation,
propagation, and management of fishandwildl ife resources among the
purposes for which the project will be authorized.
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5. Project lands be acquired in accordance with Joint Army
Interior Land Acquisition Policy for Water Resource Projects.

6. Leases of Federal land in the project areas reserve the right
of free public access for hunting and fishing.

7. All project lands and waters at the Devil Canyon and Watan~

reservoirs which are not designated for recreation, safety, and efficient
operation be dedicated to use for fish and wildlife management, in
accordance with the provisions of a General Plan prepared pursuant to
Section 3 of the Fish and Wildlife Coordination Act. These lands and
waters should be made available to the Alaska Department of Fish and
Game for management.

8. Detailed biological studies of fish and wildlife resources
affected by the project be conducted jointly during pre- and post
authorization periods by the U.S. Fish and Wildlife Service, Alaska
Department of Fish and Game, National Marine-Fisheries Service, and the
Corps of Engineers. These studies shall be allocated as a joint cost
among project purposes.

9. The U.S. Fish and Wildlife Service and the Alaska Department of
Fish and Game investigate porti9ns of the Upper Susitna River Basin and
other areas as replacement habitat for losses caused by the proposed
project. The areas delineated should be covered by a General Plan
prepared pursuant to Section 3 of the Fish and Wildlife Coordination
Act. Operation, maintenance, and replacement costs shall be authorized
as a project cost.

10. A reservoir clearing plan and a reservoir recreational zoning
plan be developed, as necessary, to insure that certain areas, or
certain periods, are available for fishing, hunting, and other fish and
wildlife purposes without conflicting uses. These plans shall be
developed cooperatively by the U.S. Fish and Wildlife Service, Alaska
Department of Fish and Game, Corps of Engineers, and Bureau of Outdoor
Recreation.

11. To produce the least potential adverse impact on raptors, the
transmission lines should be placed along the west side of the Parks
Highway.

12. Section of road right-of-ways, borrow areas, and related
construction operations be planned in cooperation with the U.S. Fish and
Wildlife Service, Alaska Department of Fish and Game, Bureau of Outdoor
Recreation, and the Corps of Engineers, so as to minimize damage to fish
and wildlife and other recreational resources.
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The foregoing recorrmendationshave been carefully considered andare conmented on by corresponding numbers as follows:
1. This reconmendation is generally in accord with Corps policyas it concerns existing fishery resources. Specific mitigation measures'cannot be addressed until post-authorization, preconstruction studieshave affirmed and defined the need, types, and extend of measures mostappropriate. Stocking of the reservoirs in the interest of promotinga new ,fishery is considered a function of the fishery managementagencies unless it is determined that this is a mitigation measurewhich should be accomplished at project cost as a consequence offishery losses caused by the project. Continued coordination withall responsible agencies is consistent with Corps policy and practice.
2. The Corps believes that all means of preventing a public hazardor conditions detrimental to the maintenance of downstream fisheryresources should be considered. A reregulating dam would be one ofthese considerations.

3. The plan of improvement includes recreation as a projectpurpose and provides facil ities to promote that end.

4. Provisions of the Fish and Wildlife Coordination Act andexisting inter-agency agreements will be closely adhered to concerningdeterminations relevant to preservation, propagation, and managementof fish and wildlife resources.
CI5. Project lands will be acquired in accordance with all applicablestatutes and policies.

6. There is no objection to recommendation 6 to the extent itis consistent with recommendation 7.

7. Recommendation 7is in accord with Corps policy and consistentwith existing Corps practice.

8. The Corps concurs in the need for pre-impoundment studiesof fish and wildlife resources. No further funding of 'project-relatedstudies is likely to be provided by the Congress prior to authorizationfor preconstruction planning. During the preconstruction planningperiod, the Corps will consider and recommend financing of studieson the basis of detailed proposals submitted by Fish and WildlifeService at that time. Such studies shall be allocated as a jointproject cost.

9. The Corps concurs with the intent of this recommendation,
bu~ feels that studies of mitigation measures should await such timeas the biological studies contained in recommendation 8 indicate theneed, type, and extent of such mitigation .
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10; The:,development of clearing and zoning plans are standard
Corps practice. Every effort will be made to coordinate such planning
with all interested agencies.

11. Careful consideration will be gi'ven to avoidance of adverse
effects onraptorsas one of the factors affecting siting of the
transmission facilities.

12. This recommendation is in accord with Corps policy and practice.

NATIONAL MARINE FISHERIES SERVICE

National Marine Fisheries Service concurs in the recommendations
of the Fish and Wildlife Service report by indorsement contained therein.

BUREAU OF LAND MANAGEMENT

Bureau Land Management found that predicting possible project
. effects on BLM land was not possible inasmuch as the near future
ownership of those lands at the project are undergoing rapid change.
They recommended that access points to the lakes be kept in public
ownership. BLM also expressed interest in cooperative recreational
development shOuld the lands remain under their jurisdiction.

ALASKA POWER ADMINISTRATION

Coordination with APA has been close and continuous since inception
of this study. In accordance with statutes, regulations, policy, and/
or at the request of the District Engineer, APA conducted studies and
prepared analyses of power marketability and transmission systems,
including an environmental assessment of the latter. The District
Engineer has reviewed these analyses and has adopted them for inclusion
as appropriate portions of the Corps of.Engineersreport. APA has
reviewed the Corps of Engineers report, and generally concurs with it,
with the exception that they believe that the Denali unit may, in the
future, be a desirable addition to the system. APA finds the proposed
plan to be feasible from the viewpoint of power marketability.

OTHER FEDERAL AGENCIES

A number of other Federal agencies provided comments in response
to their review' of the Environmental Impact Statement. These comments
generally expressed concern fOra need of more detailed studies related
to the project and its probable impacts prior to construction.

Letters from the contributing agencies are contained in Appendix 2~
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SUMMARY

This report considers the desirability of providing power to theSouthcentral Railbelt area of Alaska by the development of the hydroelectric power potential of the Susitna River'. Previous studies by-boththe Corps of Engineers and the United States Bureau of Reclamation haveshown that the Upper Susitna River Basin, above the confluence of theSusitna and Chulitna Rivers provides the great majority of the totalriver potential. Accordingly, the report concentrates on that basin.
The Southcentral Railbelt comprises the lands along and convenientto the Alaska Railroad, including the two largest cities of the State,Anchorage and Fairbanks; the major potential agricuTtural areas of theState, the ~1atanuska and Tanana Valleys; and the Kenai Peninsula. Theeconomy of the region is varied. Government, trade, services, construction,transportation, mineral extraction (especially oil and gas), and manufacturing (mostly seafood processing) are the main employers. A welldeveloped system of highways links the population centers as, to al_esser degree, does the Alaska Ra 11 road. Both Anchorage and Fa i rbanksare served by international air carriers and are centers for distributaryinterstate air service.

The Railbelt contains almost three-fourths of the population ofthe State, 245,000 out of 330,000 as of 1973. The population is expandingat the rate of three percent per year, mostly by natural increase, butwith about one-fifth by immigration. This rate is expected to continuefor many years to come. With the population increase and expansion ofeconomic activities, the growth' in power demand has been at a rate of 14percent annually for the past decade. The present demand, 2.03 billionkilowatt-hours annually, comprised of 80 percent utility, 19 percentnational defense, and 1 percent industrial, is projected to grow but ata steadily decreasing rate, being on the order of 6 percent by the year2000. The industrial share is projected to increase to 20 percent by2000, while the national defense and utility shares are projected todecrease to 3 percent and 77 percent respectively. Total demand isprojected to be 7.6 billion kilowatt-hours annually in 1990 and 15billion kilowatt-hours annually in 2000.

In the interest of. multi-objective planning, other needs (waterresource development) of the Railbelt area were examined. Needs identifiedwhich could reasonably be addressed in conjunction with the directedstudy power objective include flood control, recreation,conservation,and enhancement of fish and wildlife resources, air quality, conservationof nonrenewable resources, and national energy indep~ndence. Infurtherance of the multi-objective goals, studies in' connection withthe report have been coordinated with other Federal and State agenciesconcerned with various phases of water and related land resource development.
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A broad range of alternative means of accomplishing the primary
study objective were examined for technical, economic, and environmental
feasibility. Included were both conventional power producing systems
based on coal, oil, gas, nuclear energy, and hydroelectric energy, and
less conventional systems based on wind, tides, solar energy, solid
wastes, wood, and geothermal energy. Coal and hydroelectric energy were
found to be both feasible. An in-depth evaluation of these alternatives
was then made giving equal consideration to economic and environmental
aspects of their performance.

Each alternative was found to have satisfactory economic performance
and each was found to have a range of unavoidable adverse effects on the
environment, mainly on fish and wildlife, and esthetic values.

A plan of improvement selected as the most feasible for water and
related land resource development consists of two dams with reservoirs,
powerplants, and operating facilities located on the upper Susitna River
at the Devil Canyon and Watana damsites, and of a transmission system
from the development sites to Anchorage and Fairbanks. This selected
plan is considered the most favorable with the maximum of net benefits,
the least unavoidable adverse environmental impacts, and the greatest
response to the multiple study objectives.
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STATEMENT OF FINDINGS

The District Engineer reviewed and evaluated. in light of the
overall public interest. the documents concerning the proposed action.
as well as the stated views .of other interested agencies and the con
cerned public. The review and evaluation of alternatives have been in
accordance with a resolution of the Committee on Public Works of the
U.S. Senate. adopted on 18 January 1972. directing that a study be made
II ••• with particular reference to the Susitna River hydroelectric power
development system. including the Devil Canyon Project and any competi
tive alternatives thereto. for the provision of power to the Southcentral
Railbelt Area of Alaska. 1I

The possible consequences of these alternatives have been studied
for environmental. social well-being. and economic effects, and for
engineering feasibility. The alternatives were assessed and evaluated
in light of national objectives related to regional and national economic
development. and preservation and enhancement of environmental quality,
in accordance with the Water Resources Council's Principles and Standards
for water and related land resources planning.

In evaluation of the selected plan and other alternatives. the
following points were considered pertinent:

PLAN SELECTION CRITERIA

A basic premise utilized in the assessment and evaluation of alter
native electrical generating facilities is that growth in electrical
power demand will be as projected by the Alaska Power Administration.
Their projected growth rates after 1980 are substantially below existing
trends and they also reflect an assumed substantial savings through
increased efficiency in use of energy and implementation of electrical
energy conservation programs; thus, they are judged to be conservative.
Another assumption is that required electrical power generation develop
ment from. whatever source or sources will proceed to satisfy the pro
jected needs. Also considered in the weighing of alternatives is that
a plan must be technically feasible at the present time to be considered
for initial development. After considering numerous alternative sources
of power. those adjudged to be most competitive to hydropower were coal
and gas, or oil thermal generating facilities. The choice of the
selected plan is based on the identification and evaluation of signifi
cant environmental. social. and economic ~ffects associated with these
and other alternatives, including that of no Corps action. These factors,
plus engineering feasibility. were considered in arriving at the selected
plan in preference to other alternatives. A final consideration in the
choice.of the selected plan is Public Law 93-577. passed by Congress on
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?l December 1914, wnich establishes as national policy the conservation
of nonrenewable resources through the utilization of renewable resources,
where possible,

ENVIRONMENTAL CONSIDERATIONS

All viable alternatives (those having existing technical feasibility,
which provide a ;ong-term source of power, and which would provide
amounts of electr~ical energy approximately equivalent to the selected
plan) would have some adverse impacts on the total human environment.
Although adverse impacts related to coal would be of a different nature
than those caused by hydropower. they would be significant. and in some
respects. would be less amenable to amelioration or mitigative efforts.
However. the selection of a hydropower alternative does not preclude the
possibil ity. or ikelihood. that coal will be mined and utilized for
exportation or a~ a supplemental source of power within the Railbelt
area itself. Gas or oil would have less overall adverse environmental
impact than coal and hydropower. However, long-range outlooks for
availability and costs of oil and gas, and the possibility that higher
and better future uses can and probably will be made of these resources,
makes them econorrically and socially less desirable than coal or hydro
power. The oil and gas alternative was rejected largely on the basis of
the national effcrts to develop energy sources that limit the use of oil
and gas for power generation. Significant impacts directly related to
the selected plar include inundation of some 50.550 acres of land and
82 miles of natural stream (including 9 miles of a unique ll-mile reach
of whitewater rapids) and associated wildlife and fishery habitat,
creation of reservoirs perpendicular to caribou migration routes which
lead between calving grounds and winter ranges. and changes in down
stream flow regime and water quality characteristics. The selected plan
is determined to De environmentally acceptable in that it provides. from
all the viable alternatives. the most favorable balance in the trade-
offs between rescJrcesirretrievably lost and long-term benefits derived.

SOCIAL WELL-BEING CONSIDERATIONS

A major consideration was the fulfillment of projected energy needs
of a moderately growing population in the Southcentral Railbelt area.
Reliability and lJng-term benefits were considered to be essential to
any plan of deve10pment. These conditions are more assured with coal
and hydropower than they are with gas and oil. Without an intertie, a
coal alternative would be less reliable. Conservation of nonrenewable
resources was als,) viewed as a grow·ing social concern. No other alter
native considered would likely have less direct impact on existing
mann~de resources or developments than the selected plan. The remote,
essentially uninhabitated project site and the lack of developed private
property precludes the social disruption associated with displacement of
people's homes. b'Jsinesses. and institutions. Adverse social effects
resulting from the plan include drastic modification of the existing
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natural visual quality of the area, physical disturbance of an essentially
wilderness setting, changes in traditional recreational usage of the
project area and surrounding lands, and influx of temporary construction
workers on small communities near the construction sites.

ECONOMIC CONSIDERATIONS

From an economic standpoint, the selected plan is estimated to
provide the greatest net addition to national economic development of
all alternatives studied. Additionally, the regional economy will be
benefited through the employment of a significant number of otherwise
unemployed individuals. '

ENGINEERING CONSIDERATIONS

All major alternatives considered are technically feasible, involving
only existing technology, methods, and equipment to construct and
operate. Of the hydroelectric alternatives, the selected plan utilizes
the two damsites with the most favorable foundation conditions. Both
dams are large, the Watana structure exceeding the height of the highest
present earthfill structure in the Western Hemisphere. Major considerations
in the design of' the structures include the possible effects of high
intensity earthquakes because the project site is in a zone of high
seismic activity. outlet works to allow rapid and safe draining of the
impoundments if, in spite of all design efforts, one or both of the
structures is severely damaged to the point of imminent failure, and
multiple-level intake works providing for selective withdrawal of
waters to allow control of downstream water quality in the interest of
conserving or enhancing downstream fishery values.

OTHER PUBLIC INTEREST CONSIDERATIONS

Close coordination has been maintained with other agencies, groups,
and the general public throughout the study period. Results of a
series of public meetings indicate general public support for the
selected plan. However, vocal opposition in response to public review
of the Draft Environmental Impact Statement has been expressed by some
environmental groups and individuals. Notable among these are the
Sierra Club, the Upper Cook Inlet and College Chapters of the Alaska
Conservation Society, Knik Kanoers and Kayakers. Inc., and individual
whitewater boating enthusiasts. Several Federal agencies, particularly
the Bureau of Land Management, the U.S. Geological Survey, and the U.S.
Fish and Wildlife Service have expressed views concerning the need for
detailed environmental and geological studies prior to final determi
nations regarding project construction.

The action proposed, as developed in this report. and in accordance
with the Principles and Standards established by the Water Resource
Council, is based on a thorough analysis and evaluation of various
practicable alternatives which would achieve the stated objectives.
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Wherever adverse effects are found to be involved which cannot be avoided
by following reasonable alternative courses of action to achieve. the
congressionally specified purpose, they can either be amel iorated or
are substantially outweighed by other considerations of national policy.
The recommended action is consonant with national policy, statutes, and
administrative directives. It is concluded that, on balance, the total
public interest should best be served by implementation of" the recom
mendations of this report.
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DISCUSSION

LOAD GROWTH PROJECTIONS

Load growth projections as provided by Alaska Power Administration
for the period 1974 through the year 2000 covered a range of power
requirements, high, mid-range and low. Feasibility report utilized the
mid-range projection which has been endorsed by both Alaska Power
Administration and Federal Power Commission. Substantial amounts of
new generating capacity will be needed to meet future power requirements
of the Southcentral Railbelt area. Recent studies of the Southcentral
and Yukon region (which includes the Southcentral Railbelt as its main
component), as defined in the 1974 Alaska Power Survey Report of the
Executive Advisory Committee, indicate that rapid rates of increase in

. power requirements will continue at least for the balance of the 1970's,
reflecting economic activity associated with North Slope oil deve10p~

ment and expansion of commercial and public services. Estimates beyond
1980 reflect a range of assumptions as to the extent of future resources
use and industrial and population growth. All indications are that
accelerated growth will continue through the year 2000, with economic
activity generated by North Slope oil and natural gas development being
a major factor - but only one of several important factors. It is
generally considered that the Southcentra1-Yukon regional population
will continue to grow at a faster rate than the national and State
averages, that future additional energy systems and other potential
mineral developments will have a major effect, and that there will be
notable expansion in transportation systems. Significant economic
advances for all of Alaska and especially for the Alaska native people
should be anticipated as a result of the Alaska Native Claims Settle
ment Act. Other i nf1 uenci ng factors coul d be cited, but the general
outlook is for further rapid expansion of energy and power requirements
in the Southcentral-Yukon area. A range of estimates for future power
requirements of the Southcentra1 and Yukon regions i~ presented in the
1974 Report of the Alaska Power Survey Technical Advisory Committee on
Economic Analysis and Load Projections. The range of estimates attempts
to balance a myriad of controlling factors including costs, conservation
technologies, available energy sources and types of Alaskan development.
The higher growth range anticipates significant new energy and mineral
developments from among those that appear more promising. The lower
growth range generally assumes an unqualified slackening of the pace
of development following completion of the Alyeska pipeline and is not
considered realistic. The mid-range growth rate appears to be a
reasonable estimate which we adopt as most representative based on .
recent manifestations and assessment of future conditions. It should
be noted that there are several responsible advisory committee members
who feel that recent acceleration of mineral raw mate~ia1shortages of·
all kinds indicates a possibility that even the high range estimates .
could be exceeded.
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ALTERNATIVE ENERGY SOURCES

Alternative energy sources for electric power generation include
fossil fuels, oil, natural gas and coal and nuclear power. Alaska has
large known and potential reserves of fossil fuels. Alaska power
systems now depend on oil and gas for about 60 percent of total energy
production. The predominant energy source for Anchorage is presently
natural gas and for Fairbanks service area, coal and oil.

The Federal Power Commission has provided at-market power values
for the Anchorage and Fairbanks market areas at 1975 price levels. The
at-market power values for the Fairbanks area are based on estimated
costs of power from an alternative coal-fired generating plant with
150 MW total capacity consisting of two 75 MW units; heat rate,
12,000 btu/kwh; capital cost, $640 per kilowatt; service life, 35 years;
and coal cost of 60¢ per million btu. For the Anchorage area, the at
market power values are based on estimated costs of power from two
alternative sources, coal fired and combined cycle.. The combined cycle
power values are based on a plant with 450 MW total capacity and natural
gas operating cost of 70¢ per million btu. The coal fired power values
are based on a plant with 450 MW total capacity and coal cost of50¢
per million btu.

Due to the uncertainty of the future availability of natural gas
after 1985 for new generating capacity, the unforeseen possibility of
its restrictive use if available, and its sensitivity to worldwide
economi c pressures, coa1 is cons idered to be the mos t 1i ke1y al terna ti ve
fuel for thermal-electric plants to be constructed in the Anchorage
service area after 1985.

The present day price of 70¢ per million btu paid for natural gas
used by the Anchorage utilities is not a realistic basis for selecting
the most likely source of fuel for'future thermal electrical generation
after 1985. The current price does not reflect true economic value
because of the existence of regulated markets. Also, the source of gas
presently supplying Anchorage needs will, because of limited reserves,
increasing local needs·, and national and international competition for
supplies, not be available in the post 1986 time frame. If gas is to
continue to be utilized for power generation in the Anchorage area,
Prudhoe Bay or equally costly sources will have to be tapped. Thevalue
of North Slope gas in Anchorage .underreasonable assumptio~s regarding
transportation systems is approximately $1.46 per mi 11 ion btu. This
value of gas would result ina comparable cost for the combined cycle
and coal-fired alternatives. .

The.extensive coal deposits hear Cook Inlet are attractive future
alternative sources of energy for this region and could lead to options
to convert from oil and natural gas to coal as the major power source
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during the 1980's. Coal reserves in the Beluga River area north and
west of Anchorage contain an estimated 2.3 billion tons, or the
equivalent of almost 6 billion barrels of oil. Coal resources in the
Nenana field south of Fairbanks near Healy contain an estimated 7
billion tons.

Insurrmary, coal is the least costly alternative to hydroelectric
power in the Fairbanks area and in the mid-1980 time frame, natural gas
and coal in the Anchorage area are comparable as the most economical
alternative. Recognizing the uncertainty of the future availability of
natural gas and oil after 1985 for new generating capacity, the possi
bility of its restrictive use if available and its sensitivity to world
wide demand and economic pressures, coal is considered the most likely
alternative fuel for thermal-electric plants to be constructed in the
mid-1980's and beyond for the Anchorage area.

FORMULATION

A number of alternative plans were studied in the process of
developing the most feasible project for developing the hydroelectric
potential of the upper Susitna River Basin. The most favorable of all
the plans investigated is a combination of two dams, Devil Canyon,
located at river mile 134 with normal pool elevation of 1450, and
Watana, located at river mile 165, 31 miles upstream of the Devil
Canyon site, with a normal pool elevation of 2200. The selected two
dam system would provide 6.1 billion kilowatt-hours of firm electrical
power annually from a dependable capacity of 1394 megawatts, or nearly
96 percent of the basin potential.

The two dams were analyzed separately and together as a coordinated
system for maximum development of the hydroelectric potential of the
basin. As a single unit, Watana could develop 3.1 billion ki10watt
hours of firm power annually and Devil Canyon, as an independent unit,
0.9 billion kilowatt-hours of firm annual energy. As a system, the
two dams would provide 6.1 billion kilowatt-hours of firm power annually
because of the value of Watana storage in providing flow releases to
increase Devil Canyon power production. An analysis was also made to
identify the best sequence of construction. It was found that Watana, .
first added, that is Watana constructed first with power on line date
of 1986 and Devil Canyon 1as tadded wi th power on 1i ne date of 1990,
was the best sequence. Benefit-to-cost ratio for Watana, first added,
is 1.28 while Devil Canyon, first added, results in a benefit-to-cost
ratio of 0.80. The combination of the two dams, with either Watana or
Devil Canyon constructed first, would not materially change the benefit
to-cost ratio of 1.3 for the total project.

The multiple-purpose projects, whi.1e providing for the projected
power needs for the Rai1be1t Area, would also provide flood damage
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reduction downstream of Devil Canyon and for recreational opportunities
associated with the two reservoirs. Construction of the project would
also provide employment opportunities for better utilization of under
util i zed and unemp1oyed 1abor.

The selected combination of Watana-Devil Canyon provides the most
efficient national economic development (NED) plan with a maximum of net
benefits exceeding $33.8 million annually. The selected plan also makes
a positive contribution toward the environmental quality (EQ) of the
study area. Development of the hydroelectric potential of the Susitna
River Basin would conserve over 5.8 million tons of coal annually or
15 million barrels of oil annually. Positive contributions to improve
ments in air and water quality would result from reduction in coal-fired
plants and reduction in the mining of coal.

A transmission intertie between the major load centers of Anchorage
and Fairbanks would provide an increased reliability and would allow
transfer of energy between the load centers with greater flexibility of
operation. The transmission system would consist of two single circuit
345 KV lines a distance of 136 miles to Anchorage and two single circuit
230 KV lines a distance of 198 miles to Fairbanks. Value of the trans
mission intertie has been estimated and included in the economic feasi
bility analysis for the project.

The Watana and Devil Canyon dam sites are located some 50 miles
from existing roads and the only access presently is by helicopter.
Early construction of an access road would facilitate preconstruction
planning activities for mapping and foundation explorations, with a
reduction in total project costs as compared to access by helicopter.
In scheduling the construction activities to meet the expedited power
on-line date of 1986, it was also found that early construction of the
access road was essential to mobilize the men, equipment and supplies
necessary for construction of a project of this magnitUde. For these
reasons, the access road should be constructed during the initial phase
of preconstruction planning rather than incur a delay of at least on~

year in meeting initial power-on-line date of 1986. In addition to the
savings that would be incurred in mobilizing men and equipment during
the early phases of the operation, early construction of the access road
would provide an additional year of power revenue estimated at approxi
rnate1y $115 million. Construction of the access road at an estimated
cost of $22.3 million is well justified.
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FEASIBILITY OF ADDITIONAL UNITS

Studies have indicated the need and feasibility of providing hydro
power from the Susitna River projects to meet the railbelt area's future
load growth from a projected power-on-line date of 1986 through 1996
when the projects full power capability would be utilized. After 1996,
the system would require additional generating capacity; hydropower,
fossil fuel, or nuclear thermal generation.

Past studies by a number of agencies have indicated substantial
hydropower potential available for development to meet load requirements
well beyond the year 2000. The State of Alaska has a hydropower poten
tial of over 27 million kilowatts. Generally, as the availability of
fossil fuels becomes increasingly scarce and more valuable over time, the
alternative renewable hydropower resource will continue to provide the
most economical means for meeting the railbelt area's power needs beyond
the year 2000.- The feasibility of adding units at Watana and Devil
Canyon for system peaking requirements in conjunction with thermal base
energy was analyzed, in the event more expensive thermal base energy was
added to the sys tern in the pos t 2000 peri od • For th isanalys isit was
assumed that the baseload thermal plants would operate at 50 percent
plant factor the first year and 65 percent thereafter; also, the pre
Susitna thermal generation facilities would be retired after their 30
year economic life, with the last units retiring in year 2015. A load
resource analysis determined that the additional units would be needed
as follows:

Watana #4
Watana #5
Devil Canyon #5
Devil Canyon #6

2003
2005
2008
2010

Costs were estimated for construction of skeleton bays 'during
initial powerhouse construction,including penstocks and tailrace
excavation. Incremental costs at.Watana for two skeleton bays are
estimated at $67,560,000 (1984-85) and $45 million per unit in years
2002 and 2004, for a total of $157,560,000. Incremental costs at Devil
Canyon for two skeleton bays are estimated at $32,240,000 (1990-91) and
$40 million per unit in years 2007 and 2009, for a total of $112,240,000.
Total costs for the four added units are estimated at $270 million.
These costs do not include a reregulating dam downstream of Devil Canyon
with an estimated cost in excess of $100 million. The reregu1ating dam
would probably be required if additional units were added at Devil
Canyon.
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Estimated average annual costs and benefits are as follows:

($1000)

Annua1 cOs ts
Annual benefits
BCR
Comparability ratio

Watana

6950
7470
1.07
0.98

Devil Canyon

3750
4110
1.10
1.0

As can be seen, even under the most optimistic of assumptions, added
units at Watana cannot pass the comparabil i ty test; units at Devi 1
Canyon are marginal; however, with 'the added costs of a reregu1ating dam,
added units at Devil Canyon would also not be justified.

ENVIRONMENTAL CONSIDERATIONS

The Susitna Hi ver ,wi th an overall drainage area of about 19,400
square miles, is the largest stream discharging into Cook Inlet and is
an important access route to upper river and tributary spawning and rear
ing areas for the five species of Pacific Salmon found as adults in the·
inlet. Portage Creek, three miles below the Devil Canyon damsite, i.s
the uppermost tributary. on the .Susitna River.where significant numbers
of spawning salmon have been noted. Investigations conducted by the
Fish and Wildlife Service intermittently from 1952 to 1975 failed to
reveal the presence of adult or juvenile sa1JOOn in theSusitna River
above the proposed Devil Canyon damsite. No actual waterfalls or physical
barriers have been observed in or abpve the Devil Canyon area which would
preclude salmon from utilizing the Susitna River drainage area above the
damsite. The JOOst logical reason for the absence of salmon is the

,presence of a hydraulic block resulting from high water velocities for
several river miles within Devil Canyon.

Twenty-seven spring fed slough areas adjacent to the main, stream
Sus itna River between the Devil Canyon dams ite and downstream to the
confluence with the Chulitna and Talkeetna Rivers, a distance of approxi
mately60 miles, have recently been identified as being important for
fish rearing. Adult spawning salmon have been recorded in 9 of the 27
sloughs. Rearing salmon fry have been observed in l7.of the sloughs.
Additional slough areas are probably present in the same reach or·
further downstream. However, those slough areas downstream of Devil
Canyon would not be appreciably influenced by flow releases with normal
daily f1 uctuati on of less than one foot or under rare ,extremeconditions
of up to three feet at Gold Creek,15 miles .be10w Devil Canyon. In
addition, any change in turbidity as a result of the project would not
be evident below the confluence of the Chulitna and Talkeetna Rivers.
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Regul ated flow vs. natural flow data shoul d be obtai ned in the important
slough areas to determine whether remedial measures would be necessary to
prevent dewatering of the .sloughs during spawning and incubation time.s.
Reduction in flows and turbidi ty in the summer months may have a minor
impact on adult fish orientation .. However, these impacts should be
negl igibleafter the first five years after construction as juveniles
that have been exposed to the changed flow and turbidity regimen would
be returni ng as adul ts. Reduced turbi di ti es. in the sunvner months coul d
be beneficial for fish production and for sport fishery. Increased
turbidities are forecasted to occur during the winter months; however,
the amount expected to occur would be below a level that would adversely
impact fish. Selective withdrawal structures will be incorporated 'in
the proposed project to permit the release of water that has been mixed
to approach natural temperature conditions. Dissolved gas supersaturation
that mightoccurwhenspilllngwould be substantially reduced in the
turbulent river section that would be present just downstream of the
Devi 1. CanyonDam. Upstream from the dams, the maJor i mpacton the resi
dent fish populations would be caused by the reservoir impoundments.
Under the proposed plan, Devil Canyon Reservoir woiJldfluctuilte very
little. Even though the steep-walled canyon of this' reservoir might
prove less' thap desirable fora program to develop a resident fish popu
lation, some species of fish might be able to adapt to this reservoir'
and provide some future sport fishing benefits.

Watana Dam would have a· wide range of drawdown in the'reservoir which
although not impacting the fishery resource would make access more
difficult, resulting in lower fishing pressure. Suspended glacial sedi
ment could be a factor in both of the reservoirs after the heavier
glacial sediments have settled out; however, many natural lakes in
Alaska such as Tustumena and Tazlina, with heavy inflows of glacial
debris sustain fish populations under similar conditions, so to develop
populations of fish under related conditions should prove feasible.
Most resident fish populations, especially grayling, utilize some of the
clearwater tributaries of the Susitna River or areas near the mouths of
these streams as they enter the glacially turbid main river channel
during periods of high runoff. Many of these tributaries would be flood
ed in their lower reaches by the proposed reservoir impoundments. The
resident fish populations would be affected by the increased water levels
in the proposed reservoirs; but in some areas, access to tributaries for
resident fish may be improved by increased water elevations.

Impacts on wildlife would occur primarilY,in the Watana Reservoir
portion of the Susitna River. The area downstream of the Watana Dam
is a narrow steep-walled canyon with few areas of big game habitat and
is not crossed by any major migration route for big game. The upper
section of the Watana Reservoir would lie across one the Netchina caribou
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useasantntermittentseasona1 migration route between their main
calv{ngareaand their summer range .. Th~ re~ervoir co~ld con~eivab1y
alter historical herd movement and dlstrlbutl0n and prl0r to.lce break-up
IOOrtalities could occur because of ice-shelving. tIoose habitat-would be
lost upstream of Watana Dam. Data on the number of acres of good habitat
impacted and the number of animals using the areas are preliminary.
Additional data are needed on both the moose and caribou herds before a
determination can be made for the need for compensation measures.

Transmission corridors required to distribute the electric power that
would be generated by the proposed project would total about 364 miles.
The corrfdor to Fairbanks is identified as the Nenana Corridor and the
one to Anchorage the Susitna Corridor. These corridors would require
approximately 8,200 acres, of which 6,100 acres would have to be cleared.
Aquatic impacts would occur primarily during the clearing for and the
construction of the actual transmission facilities and would be of a
temporary nature. Some erosion, causing turbid condition in streams
crossed by the corridors, could occur on cleared land after construction,
but is expected to be minor. Impacts on caribou would be limited to the
136 mile segment of the Nenana Corridor north of Cantwell since there is
no significant caribou use of areas to the south. Although physical
destruction of caribou habitat will not be a. significant impact, jn
direct consequences such as man-caused fires, noise generated by trans
mission lines and increased human access could be significant. ~ose

are found throughout the length of the transmission line corridor. The
greatest impact to these animals would be the increased hunting access
provided by roads and the openness of the corridor itself. Habitat
would overall be improved. Subc1imax growth within the transmission
line corridor would increase moose browse. A transmission line, per se,
will not have many lasting impacts upon wildlife; most :>f th-e impacts
will be a result of construction and maintenance.
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CONCLUSIONS

On the basis of data and studies presented in this report, it is
concluded that:

a. Power needs in the Railbelt Area of Alaska are estimated to
more than double by 1985 from the present 2 billion kilowatt-hours to
5.5 billion kilowatt-hours and 15 billion kilowatt-hours by the year
2000. These values represent the mid-range growth projections of the
three ranges of projections prepared by Alaska Power Administration,
the Federal marketing agent for electrical energy in Alaska.

b. The formulated plan would meet the need for increased supplies
of electrical energy while conserving non~renewable fossil fuels, oil,
natural gas and coal. Coal is the least costly alternative to hydro
electric power in the Fairbanks area and in the mid-1980 time frame,
natural gas and coal are comparable as the most economical alternative
in the Anchorage area. Recognizing the uncertainty of the future availa
bility of natural gas and oil after 1985 for new generating capacity,
the possibility of its re~trictive use if available and its sensitivity
to world-wide demand and economic pressures, coal is the most likely
alternative fuel for thermal-electric plants to be constructed during
the project life for the Anchorage area.

c. Of the alternative plans analyzed, the best plan isa combina
tion of two dams, Devil Canyon, located at river mile 134 with normal
pool elevation of 1450, and Watana, located at river mile 165 with a
normal pool elevation of 2200.

d. The best sequence of construction would be Watana first added
with Devil Canyon second. The two dams acting together would provide
6.1 billion kilowatt-hours of firm!power annually. Watana reservoir's
6.5 million acre-feet of usable storage provides the required flow
releases for dependable power production at Watana and Devil Canyon.

e. Under normal load requirements, the Watana project would be
operated to meet peaking requirements with Devil Canyon operating at a
more uniform rate in the base load. Watana and Devil Canyon reservoirs
would fluctuate only slightly in response to daily load requirements
and daily fl uctuations in ri ver stage downstream of Devil Canyon wou1 d
be less than one foot. Under extremely rare adverse load conditions,
downstream river fluctuations could be as much as three feet at Gold
Creek, 15 miles below Devil Canyon. Because Devil Canyon would be
operating essentially as a reregulating dam to control the rate of
downstream flow releases, a reregulating structure downstream of Devil
Canyon is not required.
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f. The future addition of units at Watana and Devil Canyon, based
on 1975 price levels and projected power demand beyond the year 2000, is
not economically feasible at this time. However, during precQnstruction
planning for the project, the feasibility of adding units would be
reanalyzed. .

g. Reservoir storage on the Susitna River will permit multiple
use of the water resource through hydropower generation, flood control
and recreation. Total annual benefits exceed total annual costs by
$33.8 million. Thebenefit-to-cost ratio is 1.3 and the comparability
ratio for power is 1.2. Costs allocated to power would be repaid over
a 50-year period from power revenues at an average cost of 21 mills per
kil owatt-hour.

h. Positive contributions toward the environmental quality of the
study area would result fro~deve10pmentof the Upper Susitna River Basin.
Hydroelectric generation would .conserve over 5.8 million tons of coal
annually or 15 million barrels of oil annually. 'Improvements in air and
water quality would result from reduction in coal-fired plants and
reduction in the mining of coal.

i. We have not been able to identify any need for mitigation
measures at this time. However, moredeta i1 ed studi es, i nc1 uding pre
impoundment studies of. the reservoir areas and studies of fishery habitat
below Devil Canyon, are planned during pre- and post-construction periods.
Any mitigation measure found necessary and economically justified will
be provided for at that time.

j. Early construction of access road to the projects ~ou1d

facil Hate preconstruction planning activities and expedite construction
and initial power on line.

k. Construction of the two dams and transmission system would be
the responsibility of the Corps of Engineers and the operation and
maintenance of the projects and transmission system would be the respon
sibilityofthe marketing agency. One-half of the separable investment
cost allocated to reservoir recreation would be reimbursable and all
costs of operation, maintenance and replacement of lands and·faci1ities
for recreation would be paid by non-Federal interests,. all in accordance
wi th the Federal Water Project Re.creation Act, Pub1 ic Law .89-72~ All
costs ,to power would be repaid to the Federal Treasury from power
revenues.
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°RECO~~ENDATIONS

The District Engineer recommends:

a. Construction by the Corps of Engineers of the Susitna River
Project consisting of a combination of two dams and reservoirs desig
nated as the Watana and Devil Canyon on the upper Susitna River, Alaska,
and of transmission facilities and grid system for southcentra1 and
interior Alaska, for hydroelectric power, flood control, and recreation
in accordance with the selected plan described in this report, and with
such modifications as in the discretion of the Chief of Engineers may be
advisable, all at a Federal cost presently estimated at $1,520,000,000,
exclusive of the cost of preauthorization studies.

b. That operation and maintenance of the projects and appurtenant
transmission facilities be the responsibility of the marketing agency,
such costs presently estimated at $2,400,000 annually, including the

- cost associated with major replacements.

Provided that, prior to start of construction of recreational
facilities, responsible non-Federal entities provide assurances accept
able to the Secretary of the Army, they will, in accordance with the
Federal Water Project Recreation Act, Public Law 89-72:

a. Administer land and water areas for recreation.

b. Pay, contribute in kind, or repay (which may be through water
user fees) with interest, one-half of the separable cost of the project
allocated to recreation, presently estimated to be $572,300.

c. Bear all costs of operation, maintenance, and replacement of
lands and facilities for recreation, presently estimated to be $100,000
annually.

It is further recommended that authority for construction of
necessary access roads to the projects be provided for in the authori
zation for advanced engineering and design. Such roads, estimated to
cost $22,300,000, will provide necessary access for detailed precon
struction site investigations and facilitate timely construction of the
projects.



,AlhCQs1;sto"PQwer, presently estimated at $1 ~516,OOO,OOO for
!c()nstruct'iont~r'Id$2~397tOOOannua~ly for operation, maintenance, and
i;tt\~J9k;r;~~lacementst are to be repald to the Federal Treasury from power
:.revenues.

,
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NPDPL-P~

SUBJECT:

[First endorsement1

(12 Dec 75) 1st Ind
Interim Feasibility Report, Upper Susitna
River BasinrAlaska

DA, North Pacific Division, Corps of Engineers, 210 Custom House,
Portland, Oregon 97209 31 December 1975

TO: Chief of Engineers

I concur in the conclusions and recommendations of the District
Engineer.
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HYDROLOGY
GENERAL

BASIN DESCRIPTION

The Upper Susitna River Basin contains several topographic features
which provide a co'nglomerate streamflow heavily influenced by specific
meteorological events. The basin was shaped by volcanism and diastrophism,
subsfdence and uplifting, block faul ting and intrus;o(l by bathol iths,
lateral slipping, glacial erosion, and marine deposition which provided
the shells and sandstone., The basin is a fan-shaped area comprising

'about 6,160 square miles and is bordered.by the Alaska Range to the
north, the Talkeetna Mountains to the southeast, and flat, low-relief
areas to the southwest.

Most of the basin has a well-defined dendritic stream pattern with
a main channel emanating from glacial headwaters in the extreme northern
segment of the divide. Below the glaciers, the braided channel traverses
a high plateau deposited by aggraded alluvial sediment and then meanders
several miles south to t~e ~onfluence of the Oshetna River. It then

I takes a sharp turn to the west and flows through a steeply cut, degrading
Ii channel until it exits the basin at Gold Creek. The contributing glacial

'I area comprises only four percent of the entire basin, but summer glacial
!I melt provides a considerable portion of the total streamflow. By contrast,

the flat, glacially carved Lake Louise area in the southeastern portion
of the basin provides comparatively little flow from its 700-square-mile
area.

The mountains within the basin reflect the influence of the Pleisto
cene Ice Age, during which glacial advancement over the topography
planed the mountains and gave the basin surface a rounded and smoothed
appearance. The highest elevation within the basin is 13,326 feet, and
the lowest elevation is 740 feet. The hypsometric curve for the area
above Gold Creek, Graph 1, shows that the basin has reached a mature
stage of development. The basin relief implies a steep channel slope;
however, variability of the slope compared to other mountain streams is
somewhat reversed. The,aggraded channel in the upper reaches of the
basin has channel slopes in the range of only 4 to 7 feet per mile,
while the lower basin channel drops as much as 37 feet per mile.

Main tributaries to the Susitna River have an even higher range of
channel slopes, Graph 2. The deeply cut river channel below the Tyone
River contrasts with the many traditional Alaskan U-shaped valleys~

remnants of glacial advances. The absence of broad floodplains in the
lower basin results in high stages during high runoff due to confined
flow areas. The Susitna R.iver alluvium has developed into a continuous
effluent aquifer. Most of the tributary aquifers do not sustain winter
flow.
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STREAMFLOWS

The annual streamflow patterns of the upper Susitna River and most
of its tributary streams are best described as providing perennial flow.
The main tributaries of theSusitna River consist of the East and West
Fork Susitna Rivers in the northern'section of the drainage basin,the
Maclaren River whic~ originates in the northeastern portion of the
basin, and the Tyone River which emanates from the southern reaches of
the basin.

).

t

I
I
I
I

I
I
I

The flow regime of the Susitna River is seasonal, with the majority
·of the yearly streamflow occurring from May through September. Summer
streamflow consists mainly of snow and glacial melt combined with surface
runoff from rainfall. Winter flows are restricted almost entirely to
groundwater inflow. Primary water sources for the Maclaren and East and
West Fork Susitna Rivers are the numerous glaciers which rim the northern
basin divide in the Alaska Range.

The Tyone River contribution is mostly reservoir outflow from the
multitude of lakes located within its subbasin. Winter flows begin in
early November and are composed of basef10w from subsurface storage.
When breakup nears in March and April, subsurface storage is depleted to
the extent that many small tributaries cease flowing, and the Susitna
River flow shrinks to its seasonal minumum. Following breakup, f16ws
increase rapidly with the onslaught of spring snowmelt. As summer
temperatures increase, glacial flow accentuated by rainfall runoff
becomes the predominant river source. The cycle repeats itself with
winter freezeup.

/ ".'~'
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Flow Variation in Upper Susitna River Basin

Percent of Percent of
Drainage Gold Creek Gold Creek
Area (S9 Mi) Drainage Area StreamflowGaging Station

Nearly 38 percent of the Gold Creek streamflow originates from
20 percent of the area. This large percentage of streamflow is contri
buted by glaciers in the upper portion of the basin and by high precipi
tation runoff rates which result from impervious glaciers. In addition,

Maclaren River near Paxson
Susitna River near Dena]i
Susitna River near Cantwell
Susitna River at Gold Creek

The variability of streamflow within the basin is extreme. The
following table represents average annual streamflow conditions for
portions of the basin above the Gold Creek gaging station. Gaging
station locations are shown on Plate 1.

,
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it is suspected that the mountains form a geographic constraint, which
causes excessive precipitation in this area in relation to the remainder
of the basin.

By contrast, the Cantwell gaging station shows a runoff rate not
consistent with that which could be expected below the glaciers, indi
cating that a large area below the Paxson and Denali stations contributes
little annual streamflow. This large, low contributing area is believed
to be the flat, 700-square-mile Lake Louise area. Flow percentage below
the Cantwell station increases slightly to a more nearly normal area
discharge relationship for the bas.in.
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CLIMATE OF THE BASIN

GENERAL DESCRIPTION "

The climate of the upperSusitna basin is characteriZed by cold dry
winters and warm but moderately moist summers. The Year"ly precipitation
distributio!1 shows that 64 percent of precipitation occurs from June
through October. Within the Ra:ilbelt area, the "climate "is classified"
into three categories: (1) azone'dominated almost entirely by maritime
influences; (2) a zone of transition from maritime to continental
climate influences; and (3) a zone dominated by continental climatic
conditlons. The upper Susitna basin falls within the transitional zone.
Climatological and stream gaging station locations are shown on Plate 1.

A compilation of mean monthly precipitation and temperature for
locations bordering the basin is shown in Table 1. The record lengths
are different for each station, but are for a period through the year 1970.
No long-term records are available within the portion of the Susitna
basin upstream from Talkeetna. Limited summer precipitation and tempera
ture data gathered from the Gracious House station, located near the
Denali Highway bridge, indicate that the climate of this area is similar
to that of the Summit station.

The general Railbelt climate variations are presented in Table 2.
The contrast between maritime-influenced areas of the southern Kenai
Peninsula and continental conditions at Fairbanks is marked. Within the
confines of the upper Susitna basin, the lack of moderating influence of
maritime air results in greater temperature extremes than on the coast
of the Gulf of Alaska. The extreme temperatures in the winter are
caused by polar air masses which flow in from the north.

An extrapolation of these climatic conditions would imply that
relatively severe winter temperatures contrasted by warm summers would
occur within the basin. Mean annual precipitation in lower elevations
of the basin would be expected to range between 18 to 22 inches, while
precipitation in higher elevations, because of orographic effects, would
be expected to reach 80 inches per year. Mean annual snowfall would
range from 60 inches in the lowlands to as much as 400 inches in the
high mountains. Freezeup in the highest reaches of the Susitna River
starts in early October, and by the end of November, the lower regions
of the river are icebound. The river breakup begins in early t1ay, and
within two weeks of breakup, the river tributaries are free of surface
ice.

TEMPERATURE

Based on average climatological conditions reported at Gracious
House and assuming that winter basin conditions are similar to those at
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the Summit station, the average annual basin temperature would be approxi
mately 260 F. At Summit, the extreme temperatures recorded were minus
450F in January 1967, and 81 0F in July 1971. Based on the longer
period of recordar McKinley Park, the extremes could be expected to
reach minus 540 F and 89°F. During the summer months when heating takes
place over the interior, the average July temperature is about 520 F.
The growing season averages about four months. Normally, the first
freeze occurs early in September and the last freeze occurs in'mid-May.
Summertime temperature gradients follow the traditional pattern of
decreasing temperatures with increasing altitude. During periods of
extreme winter cold, however, a strong temperature inversion may exist
in the lower layers of the atmosphere as a result of radiation cooling
and cold air drainage from the surrounding mountains. Under these
conditions, the temperature gradient will be reversed.

PRECIPITATION

Precipitation over the basin varies from moderate amounts in the
low elevations to heavy in the mountains. Since the flow of moist air
i s generally from the southwest, the orographi ceffects from the Tal keetna
Mountains and the Alaska Range insure heavy precipitation in the upper
elevations of the basin and lower amounts in the lower basin. Storms
are generally light in intensity, with few convective-type storms of
cloudburst magnitude. Seasonal distribution of precipitation is similar
for all stations surrounding the basin, with maximum monthly precipitation
occurring in one of the four summer months, and minimum monthly precipita
tion occurring generally in the month of April. At Summit station,
precipitation records show that 55 percent of the total annual precipita
tion occurs from June through September, while only 24 percent of the
precipitation occurs in the 5 months of January through May.

SNOW

Absence of recorders within the basin makes it difficult to estimate
average snowfall amounts. Average annual snowfaH at Summit is approxi
mately 120 inches; however, this is believed to be slightly high for the
composite basin. The maximum annual snowfall observed at Summit was
187 i nchesin 1955. Snowfalli s generally confined to October through
April and comprises approximately 40 percent of the mean annual precipita
tion.

Snow course data for five stations within the basin are presented
in the following tabulation. Also included is snow pack information
from the Little Nelchina and Gulkana Glacier adjacent to the basin.
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Snow Course

Little Ne1china
Clearwater Lake
Fog Lakes
Lake Louise
Monahan Flat
Oshetna Lake
Gu1kana Glacier'

Upper Susitna Snow Course Data

Average Water Content Per Month (Inches)

Years of Average Date of Survey
Record Elevation 1 Feb 1 March 1 April 1 May

6 4160 3.4 4.4 4~7 5.9
9 3100 4.0 4~7 5~2 4.4
5 2250 4.6 6.0 6.7 6.8
9 2400 3.0 3.6 4.0 3.4
9 2710 4.9 6.3 6.3 7.7
9 2950 2.8 3.2 3.7 3.4
1 6360 68.5

The Hydrometeoro10gica1 Branch of the National Weather Service estimates
that the annual water equivalent of the Gulkana Glacier course, based on
available data, is 94 inches. Locations for the five snow course stations
within the basin are presented on Plate 1. Snow densities for the month
of February generally range between .13 to .23, averaging about .16.
The water content of the May snow mass provides a good index of expected
spri ng runoff.

WIND

Wind data collected at Talkeetna, Summit, and Gu1kana show that the
most severe wind conditions which have been observed close to the study
basin within the last eight years have occurred at Summit station.
Although Talkeetna station provides a longer period of wind records,
Summit station, presented below, is believed to be more representative
of basin conditions.

SUMMIT WIND DATA

Measurement Jan Feb Mar ~ ~ Jun M ~ ~ Oct Nov Dec

Average Speed (MPH) i 14.6':16.3 12.0 9.4 8.7 9.8 9.3 8.5 8.3 10.4 13.3 13.7

Prevailing direction 40 50 50 50 260 240 2.30 250 60 50 40 40
(Degrees Azimuth)
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Maximum one minute velocity recorded at Summit station was 48 mph, but
~onsiderably higher winds are beli~ved to occur. Prevailing wind direc
tion at various times within the year shows a'stark contrast between
summer and winter. During the five summer months, May through August,
mild southwestern winds carry maritime influences to the basin~ while
during winter northeast winds chill the basin and 'brin'g continental
conditions. .

WIND-DRIVEN WAVES

The orientation of the proposed dams and co~tiguous reservoirs
provide good shielding against wind-driven waves. Maximum wind velocities
observed at stations close to the basin have almost always occurred
during three months, January through March, the period when the reservoir
surfaces would be heavily laden with sheet ice. Although free surface
reservoir conditions would prevail from May through October, maximum
pool conditions at any reservoir other than Devil Canyon would occur
only during the latter portion of this perio~~l~The critical situation
for all proposed reservoirs should occur in OC;,tober, when all reservoirs
would be at full pool elevation with the prevailing wind from the
northeast. Under these conditions, however, the orientation of the
reservoirs being studied would provide very short effective fetch lengths.

If wind direction were to shift to the east, by assuming 60 mph
velocity winds sustained for two hours, the Watana reservoir, with an
effective fetch of 1.7 miles, could expect a significant wave height of
3.5 feet. Under these conditions, which would appear to be extreme
circumstances, the maximum wave would be 5.8 feet.

ICE

l

River ice conditions in the basin are expected to vary according to
channel slope and configuration. In general, depending on temperatures

, and snow cover, maximum ice thicknesses should range between two and
five feet. Periodic measurements of ice thickness for the Susitna River
at Gold Creek for the winters of 1961 through 1968 are shown below.

Susitna River at Gold Creek Ice Thicknesses

Observation Date

15 March 1961
5 April 1963
19 February 1964
13 March 1964
12 January 1965
29 January 1966
11 January 1968
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2.3
4.7
2.7
3.2
2.5
4.1
2.1



During spring breakup, ice jams~an constrict the river, causing
the water level to rise as much as 20 feet. This phenomenon replenishes
adjacent sloughs and marshy areas necessary for certain aquatic wildlife.
After creating Devil 'Canyon Dam and Watana reservoirs, the nature of
breakup, both above and below,' would be expected to change. As a result
of heat trapped in the reservoirs, surface freezing within reservoirs
would be expected to ,occur later than for surround'ing rivers; for a few
miles below Devil Canyon Dam, water would be open throughout the year.
Breakup above Watana reservoir should occur on schedule, but breakup
within the reservoirs would be late. This delay would probably create
ice jams where rivers flow into t~e reservoirs; efforts should be taken
to preclude development in these areas. No problems are anticipated
below Devil Canyon Dam.

Although flow releases would increase monthly from October through
January, previous studies conducted by the Missouri River Division,
Corps of Engineers, have found that stage increases of up to seven feet,
at a moderate rate, can be tolerated without premature ice breakup.
Stage fluctuations below Devil Canyon·Dam should be less than three feet
during winter operation~ During spring breakup~ the dams should reduce
damage from downstream flooding. Not only would the ice above the
reservoirs be prevented from jamming below the dams, but the reservoir
storage of spring runoff would reduce flood severity.
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STREAMFLOW RECORDS

AVAILABLE RECORDS

Four gaging stations in the upper Susitna basin are or have been
operated by the U.S. Geological Survey. At each station, records of
discharge, chemical constituents, water temperature, and sediment content
have been obtained. Recorded average monthly runoff for the period of
record is shown in Tables 3, 4, 5, and 6.

The station, "Sus itna River at Gold Creek," is located at the
Alaska Railroad bridge and is approximately 15 miles downstream from the
Devil Canyondamsite. At the gaging station, the drainage area is
6,160 square miles versus 5,810 square miles at the damsite. Records
began in August 1949; for the 25 water years of 1949 through 1974,
average annual runoff has been 7,037,000 acre-feet or 9,720 cubic feet
per second. On the average, 64 percent of annual runoff occurs in June,
July, and August; 22 percent in May and September; 5 percent in October;
and only 9 percent in the 6 months from November through April.

The station, "Sus itna River near Denali," is located at the Denali
Highway bridge and is approximately 15 miles upstream from the Denali
damsite. Drainage area above the station is 950 square miles versus
1,260 square miles at the damsite. Discharge records are available from
May 1957 to September 1966 and from July 1968 to September 1974; for the
15 water years, annual runoff has averaged 1,942,000 acre-feet, or
2,682 cubic feet per second. About 5 percent of annual runoff occurs
during 6 months, November through April.

The station, "Maclaren River near Paxson," began operating in
June 1958. The gage is located at the Denali Highway bridge about

, 34 miles west of Paxson. Drainage area is 280 square miles, and average
annual runoff is 705,000 acre-feet, or 974 cubic feet per second for the
16 years of streamflow records from 1958 through 1973.

The gaging station, "Sus itna River near Cantwell," was placed in
operation in May 1961 and was discontinued in September 1972. The
station is located at the Vee damsite, 9 miles below the Oshetna River,
22 miles below the Tyone River, and about 65 miles southeast of Cantwell.
Drainage area of the Susitna River at the gage is 4,140 square miles,
and average annual runoff for the recorded 11 water years is 4,560,000
acre-feet, or 6,299 cubic feet per second.

EXTENSION OF STREAMFLOW RECORDS

Extension of monthly streamflow for Denali, Cantwell, and Maclaren
gaging stations was performed by linear correlation of these stations
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with the Gold Creek station. In an attempt to observe visual relationships
between the stations, the respective monthly streamflows for the three
stations were plotted against the correlative Gold Creek monthly streamflows
Depending on the shapes of the relationships observed, the data were
split into time groups ranging from a month to several months. After
transformation, a linear regression analysis was performed for each data
group, and, based on the correlation coefficients and standard errors of
estimat~, a relationship for each group of data was adopted for streamflow
extension.

In general, good correlation was observed for the winter months of
October through April, while summer correlations were less clearly
defined. As could be expected, there was a high degree of correlation
between Gold Creek and Cantwell, while the Denali and Maclaren stations,
because of dissimilar hydrologic phenomena, showed marginal summer
correlation with Gold Creek. A zero correlation coefficient was obtained
for the J·u ly Denali -Go1d Creek ana lys is. In order to improve the
relationship, a multiple correlation ana"lysis was attempted by intro
ducing the Nenana monthly streamflow as an independent variable.
Although the correlation improved slightly, it was not adequate to
justify the more complex equation. In the case of Cantwell, a logarithmic
transformation showed better correlation than that used, but once again
the improvement was not sufficient when compared to no transformation.

The relationships derived for the three stations are as follows:

Susitna River near Cantwell

l. May through September
Qc = 0.651Qg - 39.0 R2 :- 0.93

2. October through April
Qc = 0.544Qg - 84.1 R2 = 0.92

Maclaren River near Paxson

R2 = 0.59

1.011
Qm = 0.080Qg

3. October through May
0.994

Qm = 0.064Qg

155

jf2 = 0.88

R2 = 0.87



Susitna River near Denali

1. September through May

Qd = (-1.916+.462QgO.5)2

2. June
Qd = 0.128Qg+3889.5

3. July
Qd= 0.071Qg+7574.6

4. August

Qd = 2.556QgO.802

R2 = 0.91

R2 = 0.24

R2 = 0.0

R2 = 0.50

Qg = Gold Creek monthly streamflow
Qc = Cantwell monthly streamflow
Qm = Maclaren monthly streamflow
Qd = Denali monthly streamflow

A plot of the various relationships are presented on Graphs 3 through
11.

ESTIMATED DAMSITE STREAMFLOWS

Interpolation of observed and estimated monthly streamflow records
for the four damsites was accomplished by adopting linear drainage area
relationships between stations and damsites. This approach assumes that
the drainage areas above·the various damsites are topographically and
hydrologically similar to the drainage areas above the gaging stations.
The geometric configuration of the four gaging stations within the basin
provides adequate representation of the dissimilar portions of the
overall basin for the linearity assumption to apply. The Vee damsite
streamflows were assumed to be equal to those of the Susitna River at
Cantwell gaging station, while the Watana and Devil Canyon streamflows

. were made proportional to the Gold Creek and Cantwell flows, based on
the respective drainage areas ..

Drainage area linearity for the Denali damsite could not be estab
lished. As shown in the table below, the flow contribution of the area
between Cantwell and the glacially influenced stations of Denali and
Maclaren is considerably lower than the unft flow from the remainder of
the basin.
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Localized Unit Flow

Drainage Annual Local
Area (S9 Mi) Flow (Ac Ft)

Local Flow
Measured At:

Susitna River near Denali
Maclaren River near Paxson
Susitna River near Cantwell
Susitna River at Gold Creek

Total

950
280

2910
2020

6160

1,942,000
705,000

1,913,000
2,480,000

7,037,000

Flow/Area
(Ac-Ft/S9 Mi)

2044
2517

657
1227

1126

The low local flow per unit area measured at the Cantwell station
is believed to be a ~esu1t of th~ Lake Louise area, which is not homo
geneous with .the topography between the Denali station and damsite.
Therefore, because the local Denali damsite area is similar to that
below Cantwell, the Denali damsite streamflow was related directly to
local unit flows measured at the Gold Creek and Denali gages.

The following relationships were utilized to calculate the four
damsite streamflow records:

Q1 = A] - Ac x (Qg - Qc) + Qc
Ag - Ac

Q2 = A2 - Ac x (Qg -Qc) + Qc
Ag -Ac

Q3 = Qc

Q4 = (Qg - Qc~ .x (A4 -Ad) + Qd
(Ag - At

'Q1 =Devil Canyon damsite monthly streamflow
Q2 = Watana damsite monthly streamflow
Q3 = Vee damsite monthly streamflow
Q4 = Denali damsite monthly streamflow
A1 =Drainage area above Devil Canyon damsite
Ag = Drainage area above Gold Creek gage
Ac = Drainage area above Cantwell gage
A2 = Drainage area above Watana damsite
A4 = Drainage area above Denali damsite
Ad = Drainage area above Denali gage

The calculated monthly streamf10ws for thefou.r damsites are shown in
Tables 7 through 10.
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STREAMFLOW CHARACTERISTICS

FLOW DURATION

Daily flow duration curves for the four gaging stations within the
Upper Susitna River Basin are presented on Graph 12. Curves represent
respective periods of record for the stations, as shown on the legend.
The general shapes of the curves are significant in similarity and in
implications for reservoir development necessary to sustain power
generation. The perennial nature of the streams is reflected in the
lower end of the curves. Flows occurring within the 50- to 100-percent
range are comprised of both winter subsurface flows and a summer combi
nation of glacial melt and subsurface flow. The complete absence of
zero flows implies a well developed flood plain alluvium with no apparent
geological constrictions. The sharp reduction indicated in the Denali
flow is believed to be erroneous data, as the period of record represented
is termed "poor" and "affected by ice" by the U.S. Geological Survey.
Higher flows which occur within the 10- to 40-percent range reflect
influences of summer snowmelt and glacial melt, while upper portions of
the curves illustrate the infrequency of high rainfall runoff.

The overall steep slope of the four curves indicates that to
sustain high daily flows, storage control by reservoir is needed.
Furthermore, average annual streamflow for the four stations is con
siderably higher than those flows which are exceeded 50 percent of the
time. This means that a very large volume of the average annual flow
emanates from high runoff events which occur with relatively low fre
quency. Conversely, low yield events occur with high regularity.
Therefore, to fully regulate the river for maximum firm power output,
reservoirs providing a high ratio of storage capacity to mean annual
inflow are required. In fact, the power studies presented in Section C
show that optimum reservoir development would require an active storage

'capability equal to the mean annual Devil Canyon streamflow volume.

LOW-FLOW FREQUENCY ANALYSIS

Power studies utilizing the 25 years of streamflow records
(1950-1974) indicated that the 1969 water year was an extremely
adverse water year. To demonstrate the severity of the 1969
lOW-flow year, an annual low-flow volume frequency study was
conducted. The results of this analysis are plotted on Graph 13,
which shows that for the 25 years of record, the 1969 water year
runoff volume has an exceedence interval of over 1000 years.
If the 1969 water year runoff volume is treated as an outlier and
excluded from the statistical analysis, the exceedance interval is in
excess of 10,000 years. Therefore, as suspected, the 1969 water year is
an extremely adverse flow condition and its use in the power studies results
in extremely conservative firm energy determinations. The critical period
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for the selected plan of development also includes the 1970 water year
which is the second most adverse water year recorded. The fact that the
two most adverse water years of record are in succession and within the
critical period further demonstrates the severity of the flow conditions
used to determine the firm energy generating capability of the plans of
development studied.

The critical period for the selected plan of development was found
to cover a 32 month period spanning October 1968 through May 1971, with
a total Gold Creek runoff volume of 10,940,000 Ac. ft. In order to
evaluate the exceedence frequency of the critical period, a synthetic
32-month duration low-flow frequency curve, Graph 14, was constructed
for the Gold Creek gage. Four hundred years of monthly streamflow were
generated based on the statistics of the 25 years of Gold Creek records
and in accordance with the method outlined under "HEC-4, Monthly Streamflow
Simulation." 1/ Consecutive 32-month periods were derived for the 400
years of synthetic streamflow, and a low-flow frequency curve was
developed in accordance with procedures outlined under Chow's Handbook
of Hydrology, Chapter 18. 2/ Superposition of the 32-month Gold Creek
critical runoff reveals a return period in excess of 400 years.

FLOOD CHARACTERISTICS

Historic floods within the basin have resulted from snowmelt,
rainfall runoff, or a combination. Compared to snowmelt floods, rainfall
floods have exceptionally high flows of relatively short duration.
Frozen ground conditions coupled with spring snowmelt and warm rain give
both a high peak and a large runoff volume.

Graphs 15 through 18 show the minimum, maximum, and average daily
streamflow conditions which have prevailed at the four gage sites.
Maximum annual instantaneous flows are plotted to show time distribution
of the events. Note the number of mean daily flows that were greater
'than many of the instantaneous annual peaks. Late summer peak flows
were mainly short duration high peak rainfall events superimposed on
glacial melt.

1/ "HEC-4, Monthly Streamflow Simulation," Generalized Computer Program
723-340, Hydrologic Engineering Center, U.S. Army Corps of Engineers,
Davis, California, 1971.

f/ Handbook of Applied Hydrology, Ven Te Chow, Editor in Chief, McGraw
Hill Book Company, New York, 1964.
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Average daily flows for Gold Creek station show the initial spring
time influence of the winter snow mass and the gradual recession of this
source as higher land elevations shed their wi~ter supply. Average
daily flow at Denali and Maclaren stations depicts the summer influence
of the sustained flow from mountain glaciers and snow mass. Since a
large portion of the Upper Susitna River-Basin is underlain with perma
frost or temporary ice, infiltration losses are at a minimum, which
increases flood flows from June through September. . .

PAST FLOODS

Major yearly peak flows for the two gaging stations are listed
below. The maximum yearly peak flow at the Gold Creek station measured
90,700 cfs, and was a combination rainfall-snownelt event. The primary
constituent of the 38,200 cfs.Denali streamflow event was rainfall
runoff. Volumes for the two events were 1,683,000 and 347,000 acre
feet, respectively. The Gold Creek and Denali floods of 1971 were
produced by a basinwide rainfall distribution which resulted in average
runoff amounts of 1.37 inches and 3.5 inches, respectively~ The time
distribution of the peak flows is shown on Graphs 15 through 18.

Yearly Peak Flows of Record

Gold Creek Cantwell Denali Maclaren
Date Peak CFS Date Peak CFS Date PeakCFS Date Peak CFS

8/25/59 62,300 6/23/61 30,500 8/18/63 17,000 9/13/60 8,900
6/15/62 80,600 6/15/62 47,000 6/7/64 16,000 6/14/62 6,650
6/7/64 90,700 6/7/64 50,500 9/9/65 15,800. 7/18/65 7,350
6/6/66 63,600 8/11/70 20,500 8/14/67 28,200 8/14/67 .7,600
8/15/67 80,200 8/1 0/71 60,000 7/27/68 19,000 8/10/71 9,300
8/10/71 87,400 6/22/72 45,000 8/8/71 38,200 6/17/72 7,100

FLOOD FREQUENCIES

Graphs 19 through 22 show peak flow frequency for the four gaging
stations in the basin. Graphs 23 through 26 show volume frequencies of
the four stations for the l-day, 3-day, 7-day, 10-day, and 30-day volumes.
Extension of peak flows for the Cantwell, Denali, and Maclaren stations
was made through a regression analysis with peak flows from Gold Creek.
Peak frequency curves for the three stations with short record were
computed both for the extended period of record and for the respective
periods of record for each station.
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Both methods of computing frequency curves gave similar results,
but the curves based on observed events gave slightly higher flows per
respective return interval. As a result of the small difference in the
peak frequency curves for the two methods of calculation, coupled with
similar results for the volume frequency analysis, volume frequency
curves shown represent data extended to match Gold Creek period of
record. Observed values used in all curve computations were adjusted
for skewness based on the extended Gold Creek period of record. No
attempt has been made to extrapolate these curves to the four damsites;
however, a weighted basin area approach should give adequate results.

The following tabulation shows peak discharges for the four gaging
stations for various recurrence interval:

UpperSusitna River Basin Peak Discharges

Peak Discharge--cfs

Recurrence
Interval Susitna at Sus itna near Susitna near Maclaren near
(years) Gold Creek Cantwell Denali Paxson

5 67,000 42,000 19,500 7,300
10 78,000 48,500 23,200 8,200
25 90,000 56,000 27,500 9,200
50 101,000 63,000 32,000 10,100

100 111,000 69,000 37,000 11 ,000
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SEDIMENTATION

GENERAL

The U.S. Geological Survey has collected suspended sediment samples
at the four gaging stations within the basin from 1952 to 1973. Results
of their findings are published in U.S.G.S. water supply papers. The
following table summarizes the available data and gives a range of flows
for which samples were collected:

. Suspended Sediment Data

Number of
Station Samples

Susitna at Gold Creek 59
Susitna near Cantwell 27
Susitna near Denali 22
Maclaren near Paxson 25

Max. F1 ow
Sampled (cfs)

53,000
36,900
12,000
5,300

Min. Flow
Sampled (cfs)

920
2,430

950
95

Although there are relatively few samples for low'flows, the degree
of error that would be imparted by incorrect relationships is extremely
small. On the other hand, high runoff will heavily influence the
calculation of sediment transport; hence, to collect additional data for
high flows would be desirable. The relationships ultimately derived for
sediment transport versus discharge are believed to be conservative. In
addition to discharge concentration, the majority of the samples collected
by the U.S. Geological Survey were analyzed for size distribution.

Of the sediment samples taken at the Denali gage, U.S.G.S. computed
total sediment load for ten by use of the modified Einstein procedure.
The bedload analysis was based on three bed material samples collected
by U.S.G.S. in September 1958. No bed samples have been taken for the
remaining three gaging stations.

SUSPENDED SEDIMENT

Suspended sediment rating curves were developed by a regression
analysis in which both sediment, measured in tons per day, and flow were
logarithmically transformed. Observation of the data revealed a good
relationship from this method for the medium to high range flows. The
low flow relationships were conservatively estimated. Correlation
coefficients (~2) ranged from 0.72 for Gold Creek to 0.93 for Maclaren.

I I The curves derived in this manner are shown on Graph 27.

Variability of suspended sediment transport was made a direct
function of respective flow duration curves for each station, and annual
sediment transport was calculated by the Flow-Duration, Sediment-Rating
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Curve Method. Preliminary investigations showed that 98 percent of the
annual sediment transport occurred from May through October; hence, no
further attempt was made to derive seaso~al flow-duration or rating
curves. In order to determine the volume of sediment transported, the
initial unit weight for each of seven sediment size ranges was estimated
by using the Lara and Pemberton method. Fifty- and hundred-year unit
weights were calculated by the Lane and Koelzer method as modified by
Miller. The sediment size analysis curves shown on Graph 28 weredevel
oped for the four gaging stations from the data collected bytheU.S.G.S.

Sediment transport for the four stations is shown" below:

Suspended .Sediment Transport

1
I
I
I
1

I
I
I
I

I

I
I

I
Sta ti on

Susitna at Gold Creek
Susitna near Cantwell
Susitna near Denali
Maclaren near Paxson

Sediment
Transport
(Tons/year)

8,734,000
5,129,000
5,243,000

614,000

Initial
Unit Weight
(Lb/ft3)

. 65.3
70.6
70.4
68.6

BEDLOAD

The Denali gage bedload rating curve, presented on Graph 29, was
established from the Einstein estimates provided by the Geological
Survey. By using the flow-duration rating-curve method, the Denali bed
load was found to be 1,588,000 tons per year, 30 percent of the yearly
suspended sediment load. Lack of data precluded bedload estimates for
the remaining three stations. Because of similarity between the Denali
and Maclaren sites, the Maclaren bedload was also assumed to be 30 per
cent of the suspended load. Reconnaissance of the Cantwell gage site
and the Watana and Devil Canyon damsites revealed that bed material at
these locations is composed mostly of heavy boulders and cobbles; hence,
the Cantwell and Gold Creek bedloads were estimated to be 10 percent of
the respective suspended sediment loads. The unit weight of bedload
material at the four stations was assumed to be 97 lb/ft3.

RESERVOIR SEDIMENTATION

Complex topographic and erosion characteristics within the basin
have complicated determining total reservoir deposition. Variation of
~ediment transport within the basin can be segregated into three topo~

graphic areas: (1) glacial areas; (2) well-drained topography as below
the Cantwell station; and .(3) low sediment yield areas as found in the
Lake Louise basin. The combination of these three characteristic areas
is readily apparent from the total sedi~ent load at the four gaging
stations.
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Total Sediment Inflow

Station

Ratio Glacial
Area to
Basin Area

Yearly Sediment
Average Basin Production Rate
Height (Ft.) (Tons/Sq. Miles)

0.157 1,630 2,850 . ..
0.233 1,927 7,191
0.066 1,754 1,364

. 0.045 ,2,922 1,560

Maclaren near Paxson
Susitna near Denali
Susitna near Cantwell
Susitna at Gold Creek

A strong relationship appears between the Glacial-area/Basin-area
and the Production Rate (tons/sq.mL). However, when .these values are
plotted on logarithmic paper, the Paxson, Denali, and Gold Creek stations
fallon a straight line, with Cantwell considerably out of line. The
Cantwell s,tation is biased by the Lake Louise area. The bias can be
el imina ted, however, by introducing basin height as an erosion index.
By plotting the Glacial-area/Basin-area versus Production Rate in tons
per cubic mile ofdrainage basin, the relationship becomes considerably
stronger, and a straight line can reasonably be fitted. Transformation
of the relationship shows that a direct estimate of yearly sediment,
measured in tons, can be obtained by the simple relationship of:

-0.129 1.129
S = 89,144 x H x Ab x Ag
S = Sediment in tons per year
H =Average Basin height in miles
Ab = Basin Area (sq. mi.)
Ag = Glacial ,area within the basin (sq. mi.)

By using the basin rating curve shown on Graph 30, damsite sediment
inflows for Devil Canyon and Watana reservoirs were based on the expected
sediment at the actual damsites. Denali and Vee reservoir inflows,
because·of the aggrading nature of the stream, were based on expected

, inflow at the head of the reservoir plus local inflow from the tribu
taries. Estimates of local reservoir sediment for upstream reservoirs
were computed by assuming both 100-percent entrapment at the upstream
reservoir and production of local sediment inflow by the tributary load
below the upstream reservoir. Tributary load below Vee damsite was
computed by subtracting the Cantwell load from the Gold Creek load and
dividing by the intervening area.

Tributary load estimates for the flat area between the Cantwell
gage and the Macl aren and Denali gages were considerably more difficult
to compute. The river channel is aggrading from the glacier snouts to
the area below the confluence of the Susitna and Maclaren Rivers.
Therefore, the sediment value recorded at Cantwell station, which .
represents a degrading condition, could not be subtracted from the value
recorded at Denali station. Instead, the tributary load above Cantwell
was based on inflow above the Cantwell station and below the confluence
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of the Maclaren and Susitna R verso Consequently, tributary load below
t.he Cantwell station was calc lated to be 1.125 Ac-ft./ Sq. Mi./Yr.,
while the production rate above Cantwell was estimated to be 0.31 Ac
ft./Sq.Mi.!Yr.

Distribution of sediment within the reservoir was based on water
temperature, sediment size, variation of inflow, and reserv.oir configu
ration. Fall velocities were based on data given in U.S. Inter-Agency
Report, No.7, and reservoir cross-sections were taken fromU.S.G.S.
contour maps. Although initial entrapment ratios of the res'ervoirs,
based on fun storage conditions, were found to range from 75 percent at
Devil Canyon (because of .the relatively minor amount of storage) to
100 percent at Denali, for the purpose of this study, all reservoirs
were assumed to provide 1DO-percent entrapment.

The area-capacity curves developed in this manner are shown on
Graphs 31 through 36. A summary of total volume inflow to the reservoirs
is shown in Table 11.
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EVAPOTRANSPIRATION

EVAPORATION

Pan evaporation data for stations representative of the upper
Susitna basin conditions have been collected for summer months at the
Matanuska Valley Agricultural Experiment Station near Palmer and at the
University Experiment Station near Fairbanks. The period of record for .
epch station is from 1944 to the present; however, the number of continuous
years for each month of data varies. The average monthly pan evaporations
for the two stations are as follows:

Average Monthly Pan Evaporation, Inches

Matanuska Valley
Month Agr. Exp. Stn. University Exp. Stn.

Evap. Yrs. Rcd. Evap. Yrs. Rcd.

May 4.63 15 4.46 19
- June 4.58 24 5.09 26
July 4.09 29 4.50 30
August 2.99 29 2.96 30
September 1.83 26 1.42 24

Subtotal 18. 12 18.43

More recent data collected at ~1cKinley Park station, which would be more
representative of basin losses, show that average summer pan evaporation
is only 15 inches. However, the more conservative figures should be
adequate for study purposes.

By averaging the two summer subtotals, applying a pan coefficient
of 0.7, and assuming little evaporation during the winter months, a mean
annual evaporation for the Susitna River basin of approximately 12.8 inches
is reached. In reality, the spatial .variation of surface evaporation
within the basin is influenced heavily by orographic and physiographic
variations throughout the basin; hence, the adopted average' value is
believed to be slightly high.

CONSUMPTIVE USE

Results from consumptive use experiments conducted in 1955 at
Matanuska Valley Experiment Station are given in a Progress Report
published in 1956. The report established that during the growing
season, May through September, average monthly consumptive use amounts
are as follows:
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Total

Month

May
June
July
August '
September

Average Consumptive Use

Gonsumptive Use (Inches)

2.30
3.50
3.86'
3.08
0.16

, 2. 90

Yearly consumptive use is consistent with free surface'evaporation
rates.' This one-to-one relationship is valid as long as average annual
precipitation far exceeds average annual evaporation. Consumptive use
during the summer months occurs at maximum possible rate for the basin.
If the true volume of runoff from glacial melt were known and if average
annual basin precipitation could be established, basin consumptive use
could be easily calculated.
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WATER QUALITY

Evaluation of reservoir impacts on downstream water quality and

subsequent effects on environmental cycles will require considerable

future study and data acquisition. Absence of continually recorded

water quality parameters makes it difficult to estimate post-project

chemical and biological water constituents below the dams by applying

mathematical models. Existing data include random samples collected at

the four gaging stations within the basin, pUblished by the U.S. Geologi

cal Survey,WaterResources Data for Alaska, see Table 18.

NATURAL CONDITIONS

The limnology of the Susitna River differs considerably from that

of rivers in lower latitudes. During 'the summer, the river receives

large quantities of cold, silty glacial melt and heavy runoff contribu

tions from large, saturated muskeg areas. Biological growth flourishes

both under long periods of solar radiation and from injection of high

dissolved oxygen by the turbulent river flow.

Winter conditions ,are almost completely reversed. Wintsr flows

consist almost entirely of groundwater supply; consequently, suspended

sediment concentration is extremely low. Heavy ice cover, coupled with

low solar energy and low temperatures, affect the photosynthetic and

respiration rate of the river, resulting in low dissolved oxygen rates.

Annual dissolved oxygen concentrations should approach saturation ~uring

spring breakup and fall freezeup when water temperatures are near freezing;

slightly lower concentrations will occur during warm summer months, and

minimum concentrations are expected in extreme cold periods of winter.

For these reasons, chemical and nutrient cycles are expected to differ

from those of streams in warmer regions.

RESERVOIR CONDITIONS

Chemical concentrations in the reservoirs are expected to be heavily

influenced by the thermal stratification that naturally occurs in large

bodies of water. Summer stratification will occur after ample warmth

has been added to the top 50 feet of water. Unlike reservoirs in southern

latitudes, winter stratification should result after average water

168



temperature has dropped to 40 C when lighter density, colder water is

forced to the surface. This stratification, coupled with the long
retention rate of the reservoirs, will result in a reduction of turbidity,

silica, and coliform bacteria. Reservoir peripheries should increase

algae growth. However, reduced dissolved oxygen in the lower portion of

the reservoir, excessive hydrostatic pressures, reduced sunlight, and

sediment buildup should reduce biological growth in deeper waters. Iron

and manganese concentrations will increase significantly, as will dis

solved solids and hardness.

DISSOLVED OXYGEN

A highly critical item in reservoirs of the size of those being

contemplated is the dissolved oxygen (DO) content of impounded water.

Normally, the DO content of impounded water drops with the greatest

change t~king place in deeper parts of the reservoir. Wave action and

turbulence of the water are estimated to maintain an adequate DO content

in the top 50 feet of the reservoir. Although powerhouse intake location

would be too low for downstream utilization of this oxygen-rich water,

artificial means can be employed to enhance downstream concentrations.

Although the turbulence of the river downstream of Devil Canyon

would promote reoxygenation more rapidly than would occur in a pla,id

stream, it is not possible to predict the actual flow distance required

to restore DO to an acceptable level. Concurrent with construction, a

monitoring system to determine the oxygen absorption rate in the torren

tial stretch below Devil Canyon should be established. Should natural

reoxygenation not be sufficient, consideration should be given to mechani

cal means of increasing the DO content of the river.

SUSPENDED SEDIMENT AND TURBIDITY

By comparison with other natural and manmad'e glacially fed lakes

'within Alaska, suspended sediment concentrations within the reservoirs

are expected to range between 15 and 35 mgjl. However, the distribution

of concentrations within the reservoirs could vary according to the

density of the inflowing water. Most of the sediment will be deposited

in the upper reaches of the reservoirs, but that which remains in

solution will seek an elevation compatible with the density of the

reserVoir stratification. Following-breakup, sediment inflow should mix

with all elevations of the reservoir, but as the upper portions warm

throughout the summer, the dense inflow should seek the colder water

below the anticipated thermocline.

The effect of reservoirs on downstream suspended sediment concentra

tions would be to reverse the normal annual trend, thereby increasing
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winter transport and decreasing summer movements: Natural stream trans
port measured at the Gold Creek gage amounts to roughly 10 million tons
of sediment per year, with 95 percent of the load occurring from May
through October. Summer concentrations are proportional to the volume

. of moving water; while winter rates are similarly related, the frozen
nature of the basin restricts the amount of conveyable sediment. Conse
quently, winter sediment concentrations are extremely low. Suspended
sediment concentrations measured at Gold Creek are shown in Table 12.
Data have been arranged by season to show the cyclic trend in volume and
concentration of sediment movement.

Dynamics of the reservoirs will cause an estimated 97 percent of
the suspended sediment to settle in impoundments, but the retarding
effect will allow winter releases, to be considerably more turbid than ,
those of the natural flow. Estimating sediment concentration of reservoir
releases is difficult, but streams having existing flow characteristics
analogous to those of the post-reservoir Susitna River should provide a
reference which may help to determine concentrations. Several glacially

. fed, silt-laden streams drop their heavy sediment loads ·in lakes formed
behind terminal glacial moraines. Winter releases from these large
impoundments give sediment concentrations similar to those expected on .
the Susitna River. Data collected from these river-lake systems are
presented in Tables 13 through 17.

Sediment concentrations collected above and below Long Lake near
Juneau illustrate the entrapment effect of the natural reservoir.
Although inflow concentrations were as high as 569 ppm, maximum release
concentrations were only 8 ppm. Similar conditions are expected to
prevail at the other rivers and lakes shown. It is extremely significant
that while summer concentrations of glacially fed Alaskan streams range
up to 5,000 ppm, depending on the basin production rates, winter releases
from those streams which are retarded by lakes are very low in sediment
concentrations. In fact, although' milky in color, the Eklutna reservoir
is presently being considered for municipal water use in the Anchorage
area.

The change in seasonal distribution of sediment concentrations
within the river would change the environment for fish as well, although
it is difficult to anticipate the effect th~t the sediment change would
produce. Resident fish and those anadromous species which winter in the
Susitna River would have to contend with sediment concentrations higher
than those that presently exist, but anadromous fish traveling to
spawning beds would experience great reductions in the amount of sediment;
At present, river hydraulic conditions do not permit migratory fish to
travel above Devil Canyon.
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Heavy sediment concentrations can result in death from lack of
ability to see food and from metabolic agitation which can lead to fatal
gill disease. Further problems may result from effects of heavy silta
tion on fertile eggs since oxygen depletion prior to hatching could
occur. Although tolerance, levels differ according to species, existing
1iteratur"e suggests -that the anticipated winter concentrations below
Devil Canyon are within the safe limits for fish habitation. One publi
cation that deals with the subject is Fisheries Handbook of Engineering
Requirements and Biologic Criteria, by Milo C. Bell, private consultant
to the North Pacific Division, Corps of Engineers. After considerable
research, Mr. Bell concludes that "streams with sediment loads averaging
between 80 and 400 ppm should not be considered good areas for supporting
freshwater fisheries; streams with less than 25 ppm may be expected to
support good. freshwater .fisheries. II To compare anticipated Susitna
concentrations with those of U.S. West Coast streams, average monthly
sediment concentrations for streams in Washington, Oregon, and California
are extracted from this publication and are presented in Table 18.

Obviously, the question of sedim~entimpact cannot be simply answered,
and test programs to study the problem should be implemented. A prggram
presently in progress has revedled good fish survival from the artificial
stocking of Tustumena Lake. As mentioned, sediment concentrations below
Tustumena are similar to those expected below Devil Canyon; if this
program proves successful for fish enhancement, a similar success should
be anticipated for development of the Susitna River.

DISSOLVED GAS

Of recent concern to salmon fisheries is the possibility of nitrogen
supersaturation occurring below dams. Supersaturation can occur below
dam spillways when air is drawn deep into the water, pressurized, and
taken into solution. The combined high level regulating outlets and
powerhouse capacities at the Watana Dam are adequate to accommodate
floods with recurrence intervals up to approximately 50 years so spill
will be very infrequent. At the Devil Canyon Dam the hydraulic capacity
of the initial four generating units is approximately 25,000 cfs at
normal maximum pool elevation of 1450 feet. The low level outlet works
at Devil Canyon are not designed to operate at pool elevation 1450 feet.
Plates 2 and 3 show the daily hydrograph of river discharges for the
Susitna River at Gold Creek for the period of record (water years 1950
1974). Superimposed on thehydrograph are those daily streamflows which
could have been expected to spill through the Devil Canyon spillway.
Spills were considered to occur when both Devil Canyon and Watana
reservoirs were filled in consonance with the power operation study, and
when the hydraulic capacity of the Devil Canyon penstocks were exceeded
(25,000 cfs at normal maximum pool elevation of 1450 feet). Of the 25
years of streamflow record, spills were estimated to occur in 11 of the
operation years, with the average spill lasting 14 days with an average
flow of 8,500 cfs. Spill durations will be for short periods and will
occur only during the late summer months after reservoirs have filled.
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Studies have shownthat'fish can tolerate 'high dissolved gas levels for
short periods of time. It is also anticipated that the whitewater
stretch of river below Devil Canyon will assist in the reduction of
nitrogen supersaturation. The actual at-site Devil Canyon streamflow is
roughly 7 percent less than that of Gold Creek, and hence, actual
spillage would have been slightly less than that shown on Plates 2 and
3. In addition, a real time operation will allow for pool drawdown' .
prior to flood events, and the frequency of spillage would be further
reduced. . ,

DATA COLLECTION AND ANALYSIS PROGRAM

Physical arid chemical water qual ity data has been collected at
stream gaging sites existing within the basin as ~iscussed,previously in
this section., A data collection program designed to provide the additional
information necessary to evaluate project effects on water quality and
to provide information for design and operational criteria must be
initiated immediately to permit compliance with the present design and
construction schedule. Data collection is also required to permit
design of hydraulic features such as diversion and regulating outlets
and transmission facilities. Data requirements include:

a. Installation and operation of six additional stream gaging
stations. Gages will be installed on the Tyone River near its mouth; on
the Oshetna River near its mouth; on the Susitna River at the prior
Cantwell gaging station; at the Watana damsite; the Devil Canyon damsite;
and on the Susitna River at the Highway No. 3 bridge crossing below
Talkeetna.

b. Measurement of physical and chemical water quality parameters.
The principal parameters in addition to discharge are water temperature,
dissolved oxygen, pH, BOD, alkalinity, nutrients, total sediment load,
and turbidity.

c. Water· surface profile determinations for a rang~ of discharges
at the Watana and Devil Canyon damsites. A recording gage, staff gages,
and aerial photography will be utilized to obtain the required data.

d. Reservoir heat budget and selective withdrawal studies.

e. Soil, permafrost, and vegetation type mapping of the area to be
inundated by the reservoirs. Photogrammetric techniques will be utilized
extensively.

f. Clearly defined water quality management objectives in cooperation
with appropriate Federal and State agencies.

g. Depth and duration of reservoir freeze determinations.
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h. Observation of ic~ng and breakup conditions on the Susitna
River.

i. Wind and icing data acquisition at approximately 20 locations
along the proposed transmission line location.

j. Establishment of a network of 20 precipitation and air temperat
stations in the upper Susitna basin.

k. Biological measurements including a quantitative and qualitativ
assessment of bethnic invertebrates, periphyton, and phyoplankton.

1. Ecological modeling studies of the reservoirs.

Data collection and study costs are estimated for selected time
periods in the following tabulation:
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PROGRAr4 COSTS ($1,000)
Phase -n-DMITEM DESCRIPTION FY 76 ~uarter Phase 1 GDM

a. Stream Gage Installation and Operation 100 100 40

b., Physical and Chemical Water Quality Parameters 20 20 10

c. Water Surface Profile Determinations 100 50 30

d. Reservoir Heat Budget and Selective Withdrawal Studies 20 20 20
.....
"l e. Soil, Permafrost, and Vegetation Type Maps --- 20 20,j:o,

f. Depth and Duration of Reservoir Freezing 10 10 10

g. Icing and Breakup Conditions on the Susitna River 20 50 30

h. Biological Water Quality Baseline Study --- 50 50

i. Precipitation and Air'Temperature Stations --- 60 2'0

j. Ecological Reservoir ~10de1 ing --- 20 20

-
420 550 350



PROBABLE MAXIMUM FLOOD

GENERAL·

This section describes the derivation of the Probable Maximum Flood
for various locations along the Susitna River above Gold Creek. Design
floods were used for spillway sizing and estimates of downstream impact.
for post system development. Flood hydrographs were computed by applying
Probable Maximum Precipitation (PMP), as derived by the National Weather
Service (NWS), to a mathematical computer model of the river basin. The
established design flood represents spring snowmelt augmented by rainfall
runoff.

STUDY METHODS AND CRITERIA

The mathematical model used for this study was the Streamflow
Synthesis and Reservoir Regulation (SSARR) computer program developed by
North Pacific Division, Corps of Engineers, Portland, Oregon. The model
is a deterministic program which simulates portions of the hydrologic .
cycle in an attempt to generate long periods of daily or hourly stream
flow. Comparison of synthetic streamflow with observed events was used
for model calibration. By dividing the Upper Susitna River Basin into
subbasins of similar hydrologic and physiographic characteristics,
reconstitution of historic events measured at the four gaging stations
revealed good model simulation. Composite hydrographs for each damsite
were developed by combining channel routed flows with local inflow
between the damsite and an upstream control point. The basin schematic
diagram which was used for synthesis is shown in Plate 4. The primary
data required for water budget by the model ~re precipitation and tempera
ture; hydrologic processes simulated by the program are soil moisture,
evapotranspiration, snow and glacial melt, depression storage, surface
s'torage, subsurface storage, groundwater storage, infiltration and
percolation into acquifers, and channel routing. The program is written
generally so that it may be applied to almost any type of drainage
basfn. .

The Hydrometeorological Branch of the National Weather Service
developed a range of PMP values which could be expected for the study
basin (see Appendix 2). Although a detailed study of the design storm
is being performed by the Weather Service, for the purpose of this
report, the preliminary·values provided were used.

RIVER RECONSTITUTION

The SSARR watershed model for the Susitna River basin was verified
by comparing computed and observed hydrographs for the four gaging
stations: Susitna River at Gold Creek; Susitna River near Cantwell;
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Susitna River near Denali; and Maclaren River near Paxson. Although the
SSARR program is a water budget model capable of reconstituting many
years of consecutive daily flow, lack of climatological data precluded
this type of cal ibration. Instead, because the basin acts primarily as
a precipitation catchment area for most of the year--with the only real
depletions taking place during the four summer months~-by using observed
snow data for initial conditions, calibration ~as b~sed on obserVed
precipitation, temperatures, and discharges for the period May through
August. Furthermore, because the model was to be calibrated for peak
moisture conditions, basin linearity was ignored, and the model was
verified based only on periods of high precipitation input. The following
time periods were selected for reconstitution:

Reconstitution Periods

Period
Gold Creek Average Daily Flows (cfs)
Observed Calculated

1964 20 May-8 July
1967 1 Aug-30 Aug
1971 6 May-30Aug

1972 2 May-5 July

85,900
76,000
66,300
77 ,700
70,700

80,300
73,500
53,300
78,500
60,900

BASIN MODEL CHARACTERISTICS

In developing a mathematical model of a drainage basin, the theoreti
cal procedure would enta'il development of mathematical equations that
would accurately simulate portions of the hydrologic cycle. The composite
result would then be a computed hydrograph which would very nearly equal
the observed hydrograph. In a generalized computer model, however, only
a limited set of relationships are available for process description,
and to accurately define the basin without a complex sampling system is
not possible. Therefore, assuming that the mathematical model is correct,
calibration must be accomplished either by tria1-and-error or by an
iterative process in which variables and constants are changed to reduce
error between observed and computed events. Given a logical range for
each mathematical variable, the latter technique should give superior
results; however, computer time required for complex models is too great
for practical use. Therefore, in calibrating the SSARR model to the
Upper Susitna River Basin, a tria1-and-error process based on judgment
was used. Realizing that the computed hydrographcou1d show good
simulation with the observed hydrograph, but that the computed hydrograph
could be composed of an unrealistic proportion of snowmelt, rainfall
runoff, and ground water; the total hydrograph was split into components,
and optimization was based on reconstitution of specific flow components
as well as composite flow. A brief discussion of input data and basin
variables is presented below.
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Precipitation: Data from climatological stations in or near the basin
were used as an index to moisture input. Stations ,provide marginal area
cover~ge for low elevations and almost no representation for higher
elevations. The stations were weighted, therefore, to make up for
obvious discrepancies in hydrograph volumes. Gracious House station
near Denali was found to give the best basin results, but Gulkana
Glacier station was used as an index for the Maclaren and Denali sub
basins. Weighting factors ranged from 62 to 300 percent for precipitation.

Temperature: Basin temperatures were based on data gathered from Summit
and Gracious House for low elevations and Gulkana Glacier and Trims Camp
for high elevations. Melt rates for both snow and glacial ice were
based on the average of maximum and minimum daily temperatures.

Snow: The amount of snow on the ground, measured in inches of water, at
the beginning of each reconstitution period was estimated from existing
snow course data and cl imatological data reports for stations within and
surrounding the basin. Water equivalent data for lower elevations are
good, but lack of information for higher mountains made depth-elevation
estimates difficult. Gulkana Glacier station was used as an index for
snow cover in higher basin elevations. After initial conditions were
assumed, the depth-duration of snow on the ground was estimated by the
model in accordance with snowmelt routine. Lack of sufficient data
denied the use of the energy budget snowmelt routine which is an option
of the model. Instead, the temperature index method was employed, and
good results were obtained. With this method, the area-elevation curve
of the basin is coupled with temperature for computation of volume
el~vation moisture budgeting. A lapse rate of 3.30 F per thousand feet
of elevation from the index station at 2400-foot elevation was used.

Runoff Relationship: Percentage of runoff relates directly to the
amount of moisture contained in the soil horizon. Depletion of the soil
reservoir is accomplished by evapotranspiration. The relationship of
surface runoff to soil moisture is expressed in the form of a curve
which is in turn developed into a table of values for computer adaptation.
This is a .rather flexible procedure, but the difficulty is in defining
the relationship. Curve definition was accomplished by optimization
procedures, and the results are consistent with relationships derived
for Alaskan basins with physical and hydrological characteristics si'milar
to those of the Susitna basin. .

Eva otrans iration: The soil moisture index is used not only to indicate
sur ace'runo , ut also to estimate potential evapotranspiration. As
in natural soil conditions, potential loss relates directly to the
amount of moisture between saturation point and wilting point which is
in the soil. Then, by considering average meteorological conditions,
the model abstracts soil moisture by the estimated amount.
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Base Flow: The percentage of runoff which becomes base flow depends on
the base flow infiltration index and on glacial melt. The index is .
derived using the base flow infiltration index for the previous period,
runoff generated in the current period, and a routing procedure which
delays the buildup of the index. The base flow in the reconstitution
studies ranged from 100 to 10 percent of total computed flow.

RECONSTITUTION RESULTS

Observed and computed hydrographs for the four gaging stations of
the Upper Susitna River Basin are shown on Plates 5 through 12. With
the exception of snowmelt rates, reconstitutions for all four years were
based on one set of relationships, variables, and constants. The snow
melt rates ranged from 0.10 to 0.45 inches per degree day. The synthesized
hydrographs follow general patterns and timing sufficiently well to
justify application of the method to Probable Maximum Flood derivation.
One noteworthy aspect of the reconstitutions is that the model was
calibrated to give good reproduction of peak recorded events, yet it
still gave good results for the events of more frequent occurrence.
Rainfall data plotted on all hydrographs represent the observed amounts
at climatological stations located near the basin.

PROBABLE MAXIMUM PRECIPITATION (PMP)

Preliminary PMP estimates were developed by the Hydrometeoro10gica1
Branch, National Weather Service (NWS)(see Appendix 2) for four drainage
basins areas on the Susitna River as follows:

Drainage 72-Hr 24-Hr 6-Hr
Susitna Basin Tributary to Area PMP PMP PMP

(sq mil (in) (in) nnr
Denali Site 1260 9-12 5.4-7.2 2.7-3.6

. Vee Si te 4140 7.5-10.5 4.5-6.3 2.3-3.2
Watana Site 5180 7-9 4.2-5.4 2.1-2.7
Devil Canyon Site 58.0 7-9 4.2-5.4 2.1-2.7

The estimates are for the months of August and September; the season of
greatest rainfall potential. For the snowmelt season the precipitation
estimates are less and are obtained by multiplying the above values by
0.7. Development of 6-hour increments of precipitation for the PMP
storm was assumed to be as presented in NWS publication Hydrometeoro
logical Report No. 43, Figure 6-1, Pattern c. Precipitation distribution
for the summer 72-hour amount of 9.0 inches is as follows:

178



Hour 1st Day 2nd Day 3rd Day

0-6" .25 .6 .15
6-12 .50 1.2 .30
, 2-18 1.12 2.7 .67
18-24 .38 .9 .23

TOTALS 2.25 5.40 1.35

Precipitation distribution for the spring 72-hour amount was obtained by
multiplying the above summer distribution by 0.70. Areal distribution
of the precipitation amount to the subbasins of the drainage area is
based ori the distribution of 'the mean annual precipitation map presented
in the NWS PMP derivation, Plate 14. This mean annual precipitation
distribution is similar to information published in NOAA Technical
Memorandum NWS AR-10, Mean Monthly and Annual Precipitation, Alaska. "

An antecedent storm for the summer event consisting of the maximum
72-hour recorded precipitation, totaling 2.91 inches at the Summit FAA
weather station, occurring 5 days prior to the PMP, was assumed. This
event occurred in August 1944.

SNOWMELT

Snow and glacial melt for the PMF was computed by the SSARR program
using the temperature index method. The split watershed snow cover
depletion option was employed on subbasins contained glaciers. Use of
the generalized snowmelt equation option was considered, but was deter
mined to be impractical due to lack of adequate data. Approximately 9
years of snow course data are available for 14 locations in and surrounding
the Susitna drainage. This information was util ized by the NWS to
determine water equivalents of snow pack for the PMF derivation and are
as shown on Plate 13. Average water equivalents on 1 May for subbasins
ranged from 10.0 inches for the Lake Louise area to 35.5 inches for the
Susitna River basin above the Denali Highway. Glacial areas were considered
to have unlimited snow water equivalents for spring and summer PMF
derivations.

TEMPERATURES

The National Weather Service Report (see Appendix 2) includes
temperature information for seven days including the three-day PMP event
and the preceeding four-day period. Mean daily temperatures adjusted to
the 2400"-footelevation Summit FAA Weather Station for this seven-day
period are as follows:

Date (June)
Mean Daily Temperature OF

10 11 12 13 14 15 16
57 54 52 51 49 50 48
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Several cornbinations of anteceden't temperature conditions were analyzed
to allow determination of the most critical temperature-precipitation
sequences. The maximum average daily temperatures for the Summit FAA
Weather Station for duration of 3, 7, and 61 days were determined and
areas shown on Graph 37. These curves were utilized as upper limits
for the average daily temperature durations for the, temperature sequence
for the 1 June through 9 June period. Three different temperature
sequences for this period were analyzed, as showrion Graph 36. The
lowest temperature sequence resulted in the maximum peak discharges.
The low temperature sequence resulted in a greater snowmelt runoff
contribution during the PMP event which when combined with rainfall
runoff exceeded the peak discharges from other assumed temperature
sequences. May 1971 temperatures (below aver-age) were used in all
snowmelt analyses. A lapse rate of 3.30 F per thousand feet of elevation
from the index station at 2400-foot elevation was used.

LOSSES

Losses during PMF runoff were simulated in the same manner as in
the flood reconstitution.

BASE FLOW

Base flow during PMF runoff was simulated in the same manner as in
the flood reconstitution.

PROBABLE MAXIMUM FLOOD HYDROGRAPHS

Probable Maximum Flood hydrographs are shown on Plates 15 and 16.
Initial reservoir elevations were assumed to be normal maximum pool
elevations of 1450 and 2200 feet for the Devil Canyon and Watana reservoirs,
respectively. All outflow was assumed to be through the spillway and
reservoirs were forced to surcharge when reservoir inflows exceeded

. spillway capacities at normal maximum pool elevations. Spillway dis
charge capacities areas shown on Plates B~5 and B-12 in Section B for
the Watana and Devil Canyon projects, respectively. Devil Canyon
spillway capacity was determined by routing the spring and summer
Probable Maximum Floods through the Watana and Devil Canyon reservoirs.
Maximum inflow, outflow, and water surface elevations are as follows:

Summer Probable Maximum Flood

Project

Watana
Devil Canyon with Watana

Maximum
Inflow
(cfs)

213,000
223,000

180

Maximum
Outflow

(cfs)

186,000
218,000

Maximum Reservoir
Forebay Elevation

(feet)

2204.3
1451. 9



Spring Probable Maximum Flood

Project

Watana
Devil Canyon with Watana

Maximum
Inflow
(cfs)

233,000
226,000

181

Maximum
Outflow

(cfs)

192,000
222,000

Maximum Reservoir
Forebay Elevation

(feet)

2205.0
1452.5



FLOOD CONTROL REGULATION

Flood damages to the minor amount of development on the Susitna
River flood plain below the Devil Canyon damsite are small compared to
the benefits derived from the use of storage for power generation.
Incidental flood control benefits are possible, however, and a seasonal
upper flood control rule curve was established for the Watana reservoir
as shown on Graph 38. Watana reservoir will be drafted during the
winter low flow season each year to provide flow for power generation.
By the end of April, a minimum of 2 million acre-feet of space is avail
able which is adequate to provide complete regulation of all historical
spring floods that have occurred during the 25 years of record. Optimum
seasonal regulation requires that the Watana reservoir be gradually
filled· during the summer months so that the reservoir is at its normal
maximum pool elevation of 2200 feet by 1 October. Summer flood control
space is limited to the top 5 feet of the Watana pool range 2195 to 2200
feet during the month of August. No provision has been made for flood
control space at the Devil Canyon reservoir because optimum regulation
for power generation dictates that the Devil Canyon normal maximum pool
elevation of 1450 feet be maintained.

182



CIO
(,.)

CLIMATOLOGICAL DATA

MEAN MONTHLY PRECIPITATION - INCHES

STATION JAN FEB MAR APR HAY JON JUL AUG SEP OCT NOV DEC A.:.'ffi

~atanuska.Va11ey

~gricu1ture Exp Stn .90 .73 .43 .39 .74 1.30 2.24 2.90 2.39 1.59 1.01 .92 15.54

Talkeetna 1. 76 1.72 1.46 .75 1. 34 1. 77- 3.19 5.33 4.46 2.85 1. 79 1.62 23.02

Summit .88 1.31 1.21 .73 .81. 2.24 3.15 3.27 2.90 i.72 1.37 1.3ll 20.93

Sheep Hountain .55 .68 .62 .72 .56 1.97 2.43 1.24 1.41 1.13 .71 .56 12.58 I

.fcKin1ev Pa rk .83 .69 .37 .47 .68 1.93 2.59 2;81 1.54 .98 .75 .65 14.29

Gu1kana .68 - .47 .36 .22 .60 1.40 1.92 1.58 : 1.85 .79 .60 .72 11;19

MEAN MONTHLY TEMPERATURE - OF
I I

~~tanuska Valley
Agriculture Ex? Stn 12.1 18.8 24.6 37.1 47.2 55.4 57.7 55.4 l17.7 35.6 21.9 13.2 35.6

Talkeetna 9.4 15.5 20.3 33.8 44.8 55.1 57.9 54.7 46.0 133.1 18.8 9,-6 I 33.3

Summit 2.1 7.5 11.3 23.3 36.9 48.6 52.2 48.5~ 1 9 . 4 2.9 2').6
I

Sheep Mountain 5.1 9.5 15.7 27.8 41.0' 53.3 52.9 51.0 42.4 28.0 12.7 5.1 28.8

IcKin1ey Park 1.4 7.1 13.2 28.4 41.5 52.2 54.6 50.4 41.3 25.9 10.4 I 2.1 27.4
- 1-:6.nGulkana -1..3 2.8 14.5 29.5 43.1 53.3 56.6 52.5 43.4 27.7 6.8 -1 1



SUMMARY OF CLIMATOLOGICAL RECORDS

Average
Average Length

Ground Annual Average of
E1eva- Years Temperature (Degrees F.) Precipi- Annual Growing
tion of Maxi- Mini- Mean Mean Mean tation Snowfall Season

Station (Feet) Record* mum mum January July Annual (Inches) (Inches) (Days)
Maritime Zone

Se\"ard 70 50 88 -20 24.7 55.5 39.5 67.35 81 134
h'hittier 55 22 84 -29 24.5 56.9 39.0 173.73 260 148

co Transition Zone
.jlo,

Anchorage 114 51 86 -38 11.0 57.7 34.6 14.68 64 124
Homer 67 36 80 -21 22.6 52.4 36.4 23.08 56 100
Y.atanuska Agr.

Exper. Station 150 49 91 -41 12.1 57.7 35.6 ·15.54 47 109
Talkeetna 345 52 91 -48 8.5 57.8 32.9 28.39 102 76

Continental Zone
Big Delta 1268 30 92 -63 -5.9 59.4 27.0 11.37 41 114
Fairbanks 436 44 99 -66 -12.2 60.5 25.6 11.49 70 100
McKinley Park 2070 47 89 -54 1.4 54.6 27.4 14.29 76 62

*Years of record for maximum and minimum temperature data •. Mean temperatures and other
climatological parameters are gerierally based·on shorter time intetvals. .



0
SUSITNA RIVER AT GOLD CREEK

I

co Monthly Volumes in 1000's of Acre-Feet0

eo Drainage Area - 6160 Square Mileson

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. TOTAL

1950 390 154 88 63 44 45 52 708 1166 1390 1222 494 5316
1951 237 77 68 59 46 45 96 866 1237 1383 1210 1264 6593
1952 343 163 117 98 57 54 55 333 1926 1622 1286 862 6916
1953 504 208 105 68 45 50 96, 1185 1626 1242 1267 909 7305
1954 344 135 92 80 56 48 73 . 1063 1502 1252 1605 769 7009
1955 330 164 126 110 78 63 71 -573 1777 1694 1583 850 7424

·1956 304 113 80 60 56 58 56 1036 1984 1912 1508 1091 9308
1957 357 182 132 104 83 74 71 846 1795 1433 1263 1178 7518

'1958 505 235 201 121 73 71 91 793 1529 1407 1386 449 6861
1959 296 128 93 89 73 60 74 983 1383 1537 1917 1007 7645-- 1960 403 170 135 114 83 74 -77 970 924 1413 1451 1220 7034co

VI 1961 479 179 166 151 97 III 158 1068 1753 1511 1359 796 7838
1962 364 161 129 117 83 86 101 774 2575 1590 1448 945 8313
1963 413 167 123 98 83 62 49 1170 1547 2115 1456 733 8016
1964 397 134 92 64 56 44 44 265 3010 1411 1011 5690 7096
1965 387 167 74 59 48 55' 81 799 1530 1712 1298 1151 7362
1966 443 125 100 86 72 80 106 593 1961 1221 1342 699 6829
1967 256 95 92 92 78 74 69 952 1756 1648 2006 1004 8122
1968 301 140 126 123 109 117 114 995 1877 1625 1056 -524 7106
1969 235 97 54 45 40 50 90 679 923 -_ 990 546 303 4052
1970 192 72 53 51 43 48 64 700 1109 1393 1228 543 5496
1971 325 203 141 89 58 58 64 230 1960 1473 1962 859 7421
1972 360 184 154 138 117 112 102 1346 2049 1400 1186 738 7885
1973 297 134 90 74 67 61 61 506 1654 1122 1248 540 . 5854
1974 230 91 64 54 43 45 59 995 1063 1156 997 816 5613

AVER. 347 147 108 88 68 -66 79- 817 1665 1466 1354 1017 7037



SUSITNA RIVER NEAR DENALI

Monthly Volumes in 1000's of Acre-Feet

Drainage Area - 950 Square Miles

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. TOTAL

726 687 601 239
1958 79 36 18 13 8 7 13 71 498 563 402 112 1820
1959 58 23 11 7 4 3 3 109 529 512 485 149 1893
1960 97 45 35 27 19 17 16 206 312 556 486 286 2102
1961 109 39 30 20 15 17 25 182 382 497 446 160 1922

-' 1962 79 . 41 27 17 13 14 17 135 541 628 581 217 2310()I)

a- 1963 66 30 19 15. 13 12 13 200 402 646 628 235 2279
1964 57 17 11 9 8 7 8 56 692 466 403 157 1890
1965 90 42 17 14 11 13 19 152 276 415 354 413" 1817
1966 57 18 15 13 11 12 17 100 408 510 396 190 1745
1967
1968 728 604 130
1969 43 18 11 9 8 9 14 109~ 485 581 241 131 1658
1970 62 30 21 16 12 12 19 136 298 520 382 116 1624
1971 32 24 17 10 7 7· 8 39 482 640 639 196 2101
1972 64 28 23 21 18 18 16 213 391 642 532 165 2132
1973 41 19 13 11 9 9 9 64 342 513 447 146 1623
1974 54 27 23 19 15 14 16 156 336 587 571 324 2216

AVER. 66 29 19 15 11 11 14 129 444 570 482 198 1942



SUSITNA RIVER NEAR CANTWELL

Monthly Volumes 'in 1000' s 'of Acre-Feet

Drainage Area - 4140 Square Miles

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR.- MAY JUNE JULY AUG. SEPT. TOTAL

1961 596 935 911 1027 4'00
1962 202 107 86 80 56 58 71 615 1685 1284 983 560 5787.... 1963 266 131 86 62 47 47 43 697 892 14.01 1118 547 5337co

"l 1964 237 77 54 40 34 26 28 "173 2060 1048 707 319 4802
1965 193 114 57 47 38 44 65 542 978 1128 826 768 4799
1966 192 60 46 43 36 40 52 270 1101 751 779 388 3757
1967 143 46 44 42 36 34 31 581 1168 1038' . 1180 611 4954
1968 190 89 82 76 69 73 73 570 1160 1075 672 321 4451
1969 148 63 38 31 27 34 59 459 733 831 406 20;1.. 3031
1970 101 49 33 27 24 28 53 466 590 855 758 310 3293
1971 133 91 64 45 28 29 31 118 1307 1115 1396 583 4940
1972 250 122 84 66 53 54 52 596 1190 1026 960 561 5014

AVER. 187 86 61 51 41 42 51 474 1150 1039 901 464 4560



MACLAREN RIVER NEAR PAXSON

Monthly Volumes in 1000's of ACTe-Feet

Drainage Area - 280 Square Miles

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. , TOTAL

210 217 166 47
1959 23 . 7 8 8 5 4 5 36 171 165 128 51 611
1960 34 15 12 9 6 6 5 107 126 207 187 145 859
1961 42 .12 9 7 5 6 9 76 159 207 203 70 805
1962 23 13 11 7 6 6 7 39 174 201 180 67 734... 1963 24 12 8 6 5 5 5 131 185 286 193 72 932co

co 1964 26 8 6 5 5 4 4 24 256 170 137 52 697
1965 23 9 3 3 2 3 4 60 135 198 148 125 712
1966 36 11 3 3 3 3 3 16 178 154 129 57 594
1967 23 6 4 4 3 3 3 63 216 200 221 84 831
1968 27 8 6 6 5 6 6 13 193 211 131 40 650
1969 16 7 4 4 3 4 6 52 156 165 60 28 504
1970 15 7 5 4 3 3 4 46 104 150 145 46 532
1971 19 11 ·8 5 3 3 4 22 203 216 225 69 791
1972 23 9 8 7 6 6· 6 75 183 200 164 81 768
1973 34 14 8 5 4 3 3 35 173 176 140 49 644
1974 19 7 5 4 3 ,.3 3 40 123 162 150 92 611

AVER. 25 10 7 5 4 4 5 52 173 193 159 69 705



DEVIL CANYON DAMSIT~

Monthly Flow in Cubic Feet Per Second

Drainage Area - 5810 Square Miles

YEAR OCT.!-. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY . AUG. SEPT.

1950 5998 2444 1360 970 744 685 822 10903 18837 21839 19151 7878
1951 3642 1229 1039 906 774 699 1529 13349 199.61 21754 18950 20170
1952 5270 2596 1796 1512 945 831 869 5131 30886 25399 20144 13747
1953 7761 3309 1607 1039 774 774 1527 18259 26123 19583 19848 14498
1954 5336 1987 1418 1229 945 737 1167 16372 24170 19733 25088 12266
1955 5080 2612 1934 1698 1323 1039 1134 8827 28519 26498 24754 13567
1956 4683 1798 1229 926 916 888 897 16732 31800 29813 23590 17405
1957 5493 2886 2026 1607 1418 1134 1134 13026 29117 22644 19955 18804
1958 7743 3728 3062 1846 1227 1077 1442 12121 24678 22099 21595 7195

00
1959 4549 2027 1421 1357 1223 915 1167 15049 22492 24022 29764 16003

.'0 1960 .6220 2709 2089 1749 1374 1133 1228 14965 14949 22184 22674 19525
1961 7386 2842 2543 2307 1652 1705 2498 16425 28004 23638 21280 12695
1962 5602 2563 1986 1789 1413 1319 1603 11896 41050 24972 22757 15101
1963 6341 2646 1884 . 1507 1413 944 786 18061 24855 33033 22937 11812
1964 6075 2117 1404 985 908 670 702 4093 48120' 22054 15896 9140
1965 5964 2657 1146 908 814 851 1288 12313 24385 26572 20201 18619
1966 6780 1976 1536 1318 1224 1224 1673 9095 31309 19216 20885 11211
1967 3938 1514 1418 1418 1323 1134 1103 14672 28217 25801 30336 16013
1968 4635 2226 1943 1873 1797 1797 1806 15275 30103 25628 16800 8394
1969 3609 1544 832 683 682 769 1422 10451 15163 15819 8596 4922
1970 2978 1166 829 784 729 735 1027 10782 17788 21825 19171 8666
1971 4965 3204 2153 1355 973 892 1016 3550 31409 23239 30643 13731
1972 5521 2916 2365 2109 1910 1717 1611 20979 33158 22449 18997 11990
1973 4544 2122 1379 1129 1128 941 966 7882 26834 18008 19814 8790
1974 3552 1456 992 839 745 693 944 15258 17143 18327 15899 13231

AVER. 5347 2331 1656 1354 1135 1012 1254 12619 26763 23046 21189 13015



WATANA DAMSITE

Monthly Flow in Cubic Feet Per Second

Drainage Area - 5180 Square Miles

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT.

1950 5067 2083 1174 847 657 607 722 9600 16527 19133 16791 6929
1951 3089 1064 904 793 682 619 1315 11757 17519 19057 16614 17759
1952 4457 2211 1540 1301 .825 730 761 4511 27164 22280 17664 12100
1953 6548 2810 1381 904 682 682 1314 16085 22959 17138 17403 12762
1954 4512 1700 1223 1064 825 651 1012 14422· 21234 17271 22015 10795
1955 4297 2225 1656 1457 1205 904 984 7770 25074 23251 21721 11941
1956 3964 1541. 1064 809 801 777 785 15947 30237 28301 22370 16576
1957 4644 2455 1733 1381 1223 984 984 11472· 25520 19808 17453 16555

... 1958 6538 3164 2608 1585 1064 938 1244 10700 21662 19363 18966 6319
-0 1959 3851 1735 1227 1174 1062 803 1015 13282 19716 21081 26174 14104
0

1960 5251 2303 1784 1499 1185 983 1063 13178 13107 19441 19896 17179
1961 6230 2417 2168 1972 1420 1465 2131 14475 24653 20736 18662 11173
1962 47i6 2275 1765 1605 1257 1176 1451 11181 36248 23432 20208 12954
1963 5581 2478 1701 1316 1201 875 761 15526 21137 29169 21146 10822
1964 5235 1809 1205 856 787 579 613 3607 43031 20162 14241 7711
1965 4896 2376 1061 852 801 797 1216 10995 21384 23470 17650 16465
1966 5398 1608 1239 1085 1007 1007 1372 7319 26477 16569 17790 9442
1967 3328 1237 1155 1140 1065 917 880 12703 24974 22436 2.6101 13850
1968 4050 1948 1713 1631 1572 1572 1586 13009 26103 22554 24589 7268
1969 3155 1363 751 617 608 686 1262 9327 14094 14948 7842 4339
1970 2472 1034 721 653 615 632 974 9574 14816 18835 16586 7363
1971 1750 2572 1736 1120 796 733 832 2933 27848 21312 27650 12248
1972 4969 2589 1990 1716 1537 1402 1334 16722 28194 20276 17723 11022
1973 3852 1815 1191 981 980 823 8/+4 6915 23520 15679 17304 7687
1974 3010 1251 861 733 655 612 823 13459 15046 16012 13867 11590

AVER. 4435 2003 1422 1164 980 878 1091 11059 23530 20469 19137 11478



VEE DAMSITE

Monthly Flow in Cubic Feet Per Second

Drainage Area - 4140 Square Miles

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT.

1950 3529. 1489 867 643 513 479 557 7449 12713 14665 12895 5362
1951 2177 791 682 606 530 487 963 9128 13487 14606 12758 13780
1952 3114 1576 1117 954 628 563 584 3487 21021 17130 13572 9382
1953 4545 1986 1009 682 530 530 962 12498 17736 13103 13369 9896
1954 3151 1226 900 791 628 508 756 11203 16388 13207 16941 8367
1955 3004 1585 1196 1060 1009 682 737 6024 19388 17892 16714 9258
1956 2777 11P 791 617 612 595 601 11451 21652 20188 15920 11887
1957 3242 1743 1249 1009 900 737 737 8907 19583 15127 13324 12843
1958 4550 2234 1859 1153 795 708 918 8354 16682 14847 14626 4873

~ 1959 2700 1253 907 871 795 617 764 10364 15133 16226 20247 10969-0
~ 1960 3651 1634 1281 1087 874 735 791 10227 10065 14912 15309 13305

1961 4323 1716 1549 14i8 1038 1068 1525 11256 19121 15946 14339 . 8660
1962 3281 1800 1400 1300 1000 940 1200 10000 28320 20890 16000 9410
1963 4326 2200 1400 1000 850 760 720 11340 15000 22790 18190 9187
1964 3848 1300 877 644 586 429 465 2806 34630 17040 11510 5352
1965 3134 1911 921 760 780 709 1097 8818 16430 18350 13440 12910
1966 3116 1000 750 700 650 650 875 4387 18500 12200 12680 6523
1967 2322 780 720 680 640 560 513 9452 19620 16880 19190 10280
1968 3084 1490 1332 1232 1200 1200 1223 9268 19500 17480 10940 ' 5410
1969 2406 1063 618 508 485 548 998 7471 12330 13510 . 6597 3376
1970 1638 815 543 437 426 463 887 7580 9909 13900 12320 5211
1971 2155 1530 1048 731 503 470 529 1915 21970 18130 22710 9800
1972 4058 2050 1371 1068 922 881 876 9694 20000 16690 15620 9423
1973 2709 1309 881 737 737 628 643 5319 18048 11834 13161 5865
1974. 2114 912 646 559 507 478 624 10488 11585 12190 10513 8880

AVER. 3158 1460 1037 850 726 657 822 8355 17952 15989 14515 8808



DENALI DAMSITE

Monthly Flow in Cubic Feet Per Second

Drainage Area - 1260 Square Miles

YEAR OCT. NOV. DEC. JAN. FEB. MAR. APR. !'f.AY JUNE JULY AUG. SEPT.

1950 1651 635 333 226 165 149 186 2903 7470 10Lf06 8217 2029
1951 976 296 245 209 173 153 380 3573 7686 10396 8145 5442
1952 1443 679 454 375 219 188 198 1331 9798 10880 8570 3675
1953 2163 881 401 245 173 173 379 4926 8877 10106 8467 3881
1954 1462 507 348 296 219 163 279 4406 8500 10127 10294 3269
1955 1388 683 492 426 401 245 271 2335 9340 11027 10180 3625
1956 1274 454 296 21L, 212 204 206 4505 9975 11469 9778 4680 '
1957 1508 760 518 401 348 271 271 3485 13844 12L+42 10891 5098
1958 1846 877 506 345 230 188 306 1870 9769 10399 7766 2295... 1959 1267 529 264 209 161 98 119 2657 10164 9697 9581 3Lf23-0

IooJ 1960 2029 949 718 562 411 347 344 4212 6087 10293 9197 5937
1961 2321 860 661 492 382 396' 590 39'>8 8018 9419 8459 5233
1962 1700 820 549 373 318 292 358 2600 11411 10991 10628 4656
1963 1452 603 403 343 331 237 227 4448 8473 12305 11062 4436
1964 1'329 438 281 203 199 154 174 1143 14109 8496 7318 3289
1965 1959 840 324 251 212 238 361 3113 6091 8231 6958 7956
1966 1556 471 377 319 301 301 420 2447 9096 9481 7852 4013
1967 1064 402 376 382 354 298 294 4026 9204 11012 12695 4400
1968 1208 1261 474 464 441 441 441 4308 9802 13230 10793 2721
1969 765 452 213 179 177 187 309 2324 8639 9848 4274 2480
1970 1233 563 389 325 274 242 349 2801 6369 9816 7407 255Lf
1971 1015 687 469 281 208 195 221 913 9803 11315 11830 4009
1972 1317 640 557 521 479 .432 400 '5364 8805 11395 9234 3241
1973 996 470 302 250 236 211 213 1495 7257 9343 8376 2944
1974 1128 557 426 359 313 273 319 3426 6620 10570 10179 6202

AVER. 1442 653 415 330 277 243 305 3141 9008 10508 9126 4060



Devil Canyon

Watana

Vee (2300 ft.
W.S.EL.)

Denali (2535 ft.
W.S.EL.)

RESERVOIR SEDIMENT INFLOW

Upstream Sediment Inflow Sediment Inflow
Development 50-year Volume 100-year Volume

(ACre-Feet) (Acre-Feet)

None 252,000 . 497,000
Denali 137,941 272,000
Vee 94,000 186,000
Watana 35,000 70,000

None 204,000 403,000
Denali 102,000 202,000
Vee 59,000 116,000

None 162,000 320,000
Denali 44.,000 87,000 .

None 290,000 572,000

Note: 50-year unit weight of sediment is 80lbs/ft3•

lOO-year unit weight of sediment is 8llb$lft3.
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SUSPENDED SEDIMENT CONCENTRATION
SUSITNA RIVER AT GOLD CREEK

DATE OF DISCHARGE SEDIMENT SEDIMENT
COLLECTION (CFS) CONCENTRATION (PPM) DISCHARGE (TONS/DAY)

Apr 24, 1953 1,060 3 8
May 6, 1953 22,400 954 57,700
May 21, 1953 30,300 1,330 109,000
May 29, 1953 20,800 314 17,600
May 24, 1956 31,300 661 55,900
May 25, 1956 28,800 703 54,700
Jun 5, 1953 32,200 1,010 87,800
Jun 22, 1953 24,300 1,060 69,500
Jun 23, 1953 25,000 1,090 73,600
Jun 24, 1953 24,200 1,070 69,900
Jun 3, 1955 33,600 491 44,500
Jun 23, 1955 28 ~'200 920 70,000
Jun 3, 1957 33,400 1,433
Jun 20, 1957 29,300 2,965
J':ln 12, 1958 8,770 2,620 62,000
Jun 16, 1962. 52,000 1,400 196,000
Ju1 2, 1953 20,400 2,080 115,000
Ju1 16, 1953 21,700 1,610 94,300
Jul 7, 1955 28,200 920 70,000
Ju1 14, 1955 22,400 637 38,500
Ju1 28, 1955 29,000 2,690 211,000
Ju1 2, 1957 25,500 4,191
Jul 10, 1957 20,200 1,709
Ju1 21, 1958 8,360 2,480 56,000
Ju1 6, 1962 25,200 852 58,000
Ju1 16, 1962 13,200 334 11,900
Aug 6, 1953 21,800 1,880 111,000
Aug 15, 1953 17,800 775 37,200
Aug 8, 1955 19,100 797 41,100
Aug 18, 1955 13,500 257 9,370
Aug 31, 1955 23,000 422 26,200
Aug 7, 1956 30,600 917 75,800
Aug 21, 1956 21,000 742 42,100
Aug 8, 1957 17,700 3,660
Aug 17, 1957 21,600 3,310
Aug 29, 1957 23,500 2,778
Aug 28, 1958 4,170 832 9,370
Sep 28, 1953 10,200 61 1,680
Sep 28, 1955 10,100 33 900
Sep 6, 1957 16,700 2,100
Sep 24, 1958 1,920 244 1,260
Sep 11, 1962 14,400 107 4,160
Oct 15, 1952 9,200 36 894
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KENAI RIVER BELOW SKILAK LAKE .

Sediment Sediment
Temperature Turbidity. Discharge Concentration Discharge

Date (l)eg C} . (JTU_)_ (cfs) (ppm) (Tons/Day)

Sept 2, 1967 20 21,900 45 2,700
Oct 22, 1967 4 4,570 35 430
Apr 2, 1968 1 1,440 15 58
May 17, 1968 7 2,480 37 250
Jun 19, 1968 10 9,150 22 540
Aug 2, 1968 12,300 27 900
Aug 21, 1968 11 13,640 30 1,100
Oct 23, 1968 2.0 2,090 11 62
Jan 15, 1969 0 1,190 28 90
Feb 27, 1969 0 1,880 41 208

-0 Mar 19, 1969 0 1,530 4 17
U1 May 5, 1969 5.0 1,480 11 44

Jun 25, 1969 8.0 14,200 58 2,220
Ju1 31, 1969 13.0 11,000 16 475
Sept 9, 1969 9.0 5,450 4 59
Oct 16, 1969 6.0 26,000 103 7,230
Mar 5, 1970 0 1,810 5 24
Jun 24, 1970 9.0 9,050 . 12 293
Aug 9, 1970 10.0 14,000 22 832
Jan 28, 1971 0 1,300 3 11
Mar 24, 1971 0 1,130 1 3
Ju1 14, 1971 12.0 16,700 151 6,810
Aug 26, 1971 10.0 2 15,300
Oct 6; 1972 5.5 2 4,910
Nov 22, 1973 2.0 3 2,150
Ju1 26, 1973 10.5 3 10,400
Sept 5, 1973 10.5 1 8,190 ..

Note: Measurements taken at Soldotna gaging station.



KASILOF RIVER BELOW TUSTUMENA LAKE

Sediment Sediment
Temperature Discharge Concentration Discharge

Date (Deg C) (cfs) (ppm) (Tons/Day)

Sep 3, 1967 10 10,300 37 1,000

Oct 22, 1967 5 3,890 45 470

Mar 15, 1968 1 7lQ 33 63

May 16, 1968 8 597 30 48

Note: Mea~urements taken at the Kasilof River gage.
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EKLUTNA RIVER BELOW EKLUTNA LAKE

~
Sediment Sediment

Temperature Turbidity Discharge Concentration Discharge
Date (DegC) (JTU) (cfs) (ppm} (tons/day)

Oct 6, 1973 6.5 25 371 17 17
Dec 18, 1973 2.5 9 438 10 12
Feb 15, 1973 3.0 4 .236 4 3

-0 Apr 17, 1973 3.0 7 193 3 2
~

Ju1 17, 1973 11.5 20 145 20 8
Ju1.31, 1973 12.5 40 159 13 6
Aug 27, 1973 10.5 35 275 11 8
Sep 26, 1973 9.0 15 331 5 4

,
Note: Water samples were taken from the Ek1utna Powerhouse outlet.
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LONG RIVER - LONG LAKE SEDIMENT RATES

Station 15-0310 Station 15-0520
Long River Above Long Lake Long River Below Long Lake

-Water Suspended Suspended Suspended Suspended
Temperature Discharge Sediments Sediment"s Discharge Sediments Sediments

Date °c c.f.s. mg/1 . tons/day c.f.s. mg!l ~_ tonsLday

3 Oct ,67 3. 36. 12 1.2
19 Dec 67 1. 9.8 2 .05 111 3 .9
29 .Mar68 2. 8.• 8 2 .05
29. Apr 68 2. 13. 1 .04
22 ·Ju1 68 5. 233. 96 60. 715 8 20.
1 Oct 68 3. 84. 14 3.2

-0 1 Apr 69 o. 2.3 2 .01co
1 May 69 1. 25. 2 .14 183 2 .99

29 May 69 2. 141. 8 3.0
8 Ju1 69 945. 569 1450.

16 Ju1 69 4. 155. 88 37.
8 Aug 69 4. 241. 182 118.

18. Sep.69 4. 67.' 39 7.1
18 Dec 69 .5 11.4 4 .12
2 Mar 70 11.5 2 .06 6.6 1 .02
1 Apr 70 1.5 11.9 3 .10

28 May 70 1.5 96. 7 1.8
21 Ju1 70 2. 205. 22 12.
20 Oct 70 2.0 33.0 8 .72
28 Apr 71 2.0 20.0 3 .16 95 5 1.3
14 Ju1 71 2.5 237.0 32 20.0
12 Ju1 72 2.0 361 51 50.0



SUSPENDED SEDIMENT CONCENTRATIONS IN PPM IN RIVERS OF
CALIFORNIA, OREGON, AND WASHINGTON IN THE PERIOD 1906-1912.

State Jan Feb Mar Apr May June, July Aug Sept Oct Nov Dec

Coastal
Rivers

Califo"J;"nia 139 22S 160 126 120 85 80 S3 38 48 S9 46

Oregon 27 16 9 8 10 8 20 5 6 3 12 6

--0 Washington 12 7 19 18 14 12 6 4 7 16 28 13-0

"
Interior:
Rivers

,"

California 137 107 88 96 51 32 44 S6 42 47 51 79

Oregon 94 107 58 113 I 107 194 81 74 62 33 37 13

Washington 6 24 47 41- 26 14 16 17 13 -14 19 14



MISCELLAI,EOUS ANALYSES OF STREAMS IN ALASKA
Chemical analyses, in part8 per million

D1Bsolved Hardne•• . Specific
soUds 81 CsCO. conduct-
(residue anee

Mean SiUc. Iron Cal- Mag- Sodium Potas- Blear" Sulfate Chloride. Fluoride Nitrate aD evap'" Calcium, Non- (micro-
Date of collection discharge ( Si02) (Fe) cium nesium (Na) silDll bonate (504) (Cl) (F) ( N03) oration lIlllg- carbon- mhos at pH Color

(efs) (Ca) (Mg) (K) (HCO.) at lRaoC) ne81um ate 250 C)

SUSIINA RIVER AT GOLD CREEK

22 Jun 1949 4.9 11 2.0 7.6 50 8.4 1.4 0.5 60 . 36 0 100 6.8
3 Aug 7.8 15 2.4 5.5 50 11 4.5 .4 77 48 6 115 7.2

31 Jul,
1-10 Aug 1950 6.6 0.40 20 2.6 7.1 70 12 4.2 0.1 .1 92 61 3 142 7.7 30
11-18 Aug 5.2 .19 24 2.3 8.7 80 15 4.8 .1 .1 102 69 4 170 7.5 20
6. Aug'1953 23.400 5.6 0.01' 22 1.8 3.0 3.7 66 16 1.8 0.0 0.3 87 62 8 ..': 150 7.2 8

1953
9-200ct 6,350 11 0.02 29 5.4 8.6 1.8 85 29 12 1.0 145 95 25 231 7.7 0
21 Oct 4,350 13 .03 24 ,3.7 10 2.1 74 13 18 120 75 14 201 7.9
22-26 Oct 4,210 12 .00 28 5.6 8.4 2.0 84 25 13 .7 142 93 24 228 8.0 0
27-31 Oct 2,830 11 .00 33 7.8 8.4 1.3 97 36 13 1.4 173 114 35 265 7.8 0
1-5 Nov 2,300 11 .00 31 6.6 9.6 i.6 94 30 15 1.0 158 104 27 257 8.1 0
7-13 Nov 2.300 11 .00 31 5.2 11 2.3 91 24 18 1.0 153 99 24 255 7.7 0

1954
11"Feb 1,160 13 '. .00 30 4.4 17 .2.7 89 17 31 0.1 .7. 160 93 20 282 7.2

1955
24""Ap; 1,060 11 .00 31 4.5 16 2.5 83 24 29 .2 159 96 28 211 8.0
1-10 Jun 20,700 7.7 .12 13 1.5 4.3 1.0 43 8.5 4.0 .0 .7 62 39 3 101 7.2 40
11-20 Jun 34.400 5.9 .12 12 1.4 3.4 1.0 39 6.5 4.0 .0 .6 63 36 .4 91 7.2 40

t-J 7 Jul 28.000 6.1 .11 16 2.0 3.5 2.1 53 14 4.8. .1 .4 75 48 5 122 7.7 10
0 11-20 Jul 24,800 7.1 .10 17 1.7 4.9 2.3 56 11 5.2 .0 .4 78 49 4 133 7.6 10
0 21-30 Jul '25,500 4.7 .08 23 1.9 3.5 3.5 68 16 4.0 .0 .2 90 65 10 161 7.4 5

31 Jul 23,000 5.4 .00 25 3.1 4.2 3.6 77 19 2.5 .0 .3 101 75 12 . 174 7.8 0
1-10 Aug 20,000 6.5 .00 22 3.2 4.6 2.4 67 16 5.0 .0 .2 93 68 13 156 7.8 5
11-20 Aug 20.890 6.9 .00 19 3.1 4.9 2.0 60 14 5.2 .0 .1 85 60 11 147 7.7 0
21-31 Aug 35,400 6.9 .00 21 5.7 3.5 ' 1.3 66 21 3.2 .0 .8 96 76 22 156 7.7 8
1-10 Sep 19,400 7.5 .00 21 5.0 4.6 1.1 69 22 4.5 .'0 .4 100 73 16 171 7.9 5
11-20 Sep 13,700 8.2 .00 23 5.0 4.8 1.3 68 22 5.0 .0 .4 103 78 22 176 7.8 5

1956
24 May 31,100 5.2 .00 13 .3 2.8 1.7 37 5.5 2.8 .1 .2 61' 34 3 86 6.6 45
25 May 30,400 5.6 .00 12 1.4 2.9 1.7 39 5.5 1.8 .1 .2 62 36 4 91 7.0 50
26-31 May 23,300 5.5 .00 16 2.8 3.8 1.3 48 11 4.5 .0 .9 70 51 12 121 6.5 15
1-10 Jun 32,400 6.5 .00 16 2.3, 3.5 1.4 49 9.9 3.5 .0 .5 68 49 9 115 6.6 8
11-20 Jun 39.000 6.0 .00 16 2.3 3.5 1.6 49 9.9 4.0 .0 .4 68 49' 9 118 6.7 8
21-30 Jun 28.700 6.0 .00 17 1.5 3.5 1.7 50 11 4.0 .0 .5 70 49 8 116 6.9 10
1-2 Jul 27,900 10 .00 20 1.8 4.1 2.4 63 12 4.2 .1 .1 86 57 6 140 7.8 5
22 Aug 1967 29.400 7.1 .06 19 3.5 3.4 2.4 67 15 2.8 .1 .9 87 63 8 147 7.6
11 Jan 1968 1,960 1.1 .19 34 4.5 11 2.4 98 12 29 .1 .5 152 38 0 277 8.0 5

SUSITNA RIVEP. NEAR DENALI

1957
9 AP? 164 12 0.00 51 6.8 15 6.5 163 37 19 0.2 0.3 228 155 22 382 7.5 5
27 Aug .6,950 3.2 .04 23 6.2 3.8 3.6 70 31 3.8 .0 .0 109 ,84 26' 194 7.4 5

, 17 Dec 190 12 0.06 41 8.0 18 6.3 137 36 21 0.1 0.2 210 13~ 23 351 7.6 0
1958

3 Aj;";" 126 13 .02 46 16 23 6;6 196 39 30 .1 .0 270 181 20 467 7.1 5
12 Jun a8,770 5.7 3.0 17 2.6 2.1 2.6 52 13 3.0 .0 .2 75 53 • 10 121 7.2 10
21 Jul a8,360 4.5 .03 19 2.9 2.2 3.4 63 13 2.0 .1 .0 78 60 8' 140 7.5 0
28 Aug .3,860 5.4 .09 21 3.1 3.8 2.5 65 18 4.5 .2 ' .1 91 65 12 157 7.4 0
24 Sep .1,400 6.9 .02 23 6.4 7.5 2.1 83 23 9.0 .3 .2 120 84 16 199 7.9 10
5 Jul 1960 7.3 .04 18 2.4 3.4 2.8 60 14 3.0 .1 .4 .81 55 6 129 7.8 0
23 Hay 1968 5,840 4.2 4.0 17 1.9 3.6 2.3 57 9.2 4.2 .1 .2 75 50 3

.
124 7.2 30

1 Oct 1968 963 7.4 29 3.6 10 2.1 92 20 11 .. 0 .0 130 87 12 226 7.8 5
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MISCELLANEOUS ANALYSES 'OF STREAMS IN ALASKA (Continued)
Chemical analyses, in parts per million

Dissolved Hardness Specific
solids as CaC03 conduct-
(residue ance

Mean lPllica Iron Cal- Mag- Sodium Potas- Bicar- Sulfate Chloride Fluoride Nitrate on evap· (micro-
Date of collection discharge .(Si02) (Fe) cium neaium (Na) dum bonate (S04) (Cl) (F)' (N03) oration mhoa at pH Colo.r

(cfa) (Ca) (MS) (K) (HCO) at l800 C) 2Socl

~' MACLAREN RIVER NEAR PAXSON,

sus I'lNA RIVER NEAR CAN'tWELL

~o
-'

i2 Jun i958
2i Jul
78 Au')
24 Sept
5 Jul 1960
22 Jul 1967
17 Aug
20 Sep
27 Mar 1968

3.800
3,560
1.260

692

4030
5320

936

1l.8
1l.7
1l.1l
6.7
5.0
4.2
4.8
5.3
8.5

0.1lI
.02
.12
.05
.37

5.39
.12
.14
.37

12 3.5
12 3.7
15 1l.1
18 5•.4
13 4.3
4.0 2.3
11 2.2
19 3.4
27 3.9

1.1
1.1l
1.6

3.5
1.8
1.7.
1.1
2.1
2.8

2.0
2.2
2.1
1.6
2.6
2.2
1. 7.
1.4
2.5

38
112
116
59
44
41
34
54
78

III
15
19
22
15
17
13
20
20

2.0
.5

1.5

4.0
3.0
0.4
.7

3.2
4.3

0,0
.0
.2

.2

.2
0.0
.1
.0
.0

0.3
.3
.0
.3
.4

1.5
.9
.7
.4

59
61
7\

91
a 68
69
53
82

108

1111
115
511

67
50
44
36
62
84

III
10
17

18
14
10

8
18
20

95
/10
130

144
103
101
84

141
182

6.8 20
7.2 0
7.2 0

7.6 5
7.8 20
7.7 10
7.6 5
7.8 10
7.6 0

23 Aug 1967
21 Sep
29 Sep
8 Jun 1968
24 Ju1
20 Sep
15 May 1969
24 Jun
17 Ju1 1970
18 Sept

16100
7480
5750

15.600
18,200

4040
8,670

15,800
10.900
7.040

6.1 0.10 20 2.6
6.8 .87 20 3.2
7.6 .90 27 1.1
5.4 .66 14 1.8
4.4 7.923 2~2

7.1 1.0 25 3.4
2.7 17 2.4
4.6 18 4.4
5.7 -- 70 19
6.3 -- 50 24

3.2
4.8
5.7
2.2
2.1
6.3
4.8
2.1
2.6
3.0

2.8
1.4
1.8
7.3
3.0
4.9
2.8
5.2
3.3
4.6

63
64
67
48
67
72
54
64
2.8
2.2

16
10
16
7.5
16
18
12
14
59
70

2.5
7.4
8.5
3.5
3.0
9.2
7.4
2.1
13
16

0.2
.0
.3
.1
.2
.3
.1
.2

0.7
1.1
3.9

.1

.6

.0

.7

.2

85
87

106
66
95

110
77
95

61
63
70
42
66
76
54
62

9
10
IS

3
11
17
10
10

142
147,
174
lOS
148
177
136
145

7.7 10
7.6 10
1.2 10
7.4 40
7.9 10
7.5 -
7.6 30
8.0 5



Susitna Drainage Basin Hypsometric Curve
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EXCEEDENCE FREQUENCY PER HUNDRED YEARS
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sion Analysis between SUSITNA at GOLD CREEK and SUSIT-
NA near CANTWELL.
2. Frequency Curves were computed using the Log-
Pearson Type III Method.
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EXCEEDENCE FREQUENCY PER 'HUNDRED YEARS

~-:;::::::--;::::::::
~~

Curve based on observed
and Computed peaks

Peak Discharge Frequency
MACLAREN RIVER

Near
PAXSON

Curve based on -
observed peaks onlyLEGEND

o - Observed Peak
• - Calculated Peak

NOTES: 1. Frequency Analysis is based on 1.3 Years of record
(1960-1973). Computed Values are based on
Regression Analysis between MACLAREN and SUSITNA
at GOLD CREEK peak recorded flows.

2. Frequency Curves were computed using the Log
Pearson Type III Method .

20,000

. 10,000
en 9,000

~ 8,000

(,) 7,000

~ 6,000

:t 5,000
:t.J I~ 4,000
~
w

3,000

2,000

1.01 1.1 2 5 10 20 50 100
EXCEEDENCE INTERVAL IN YEARS

1000

INTERI M REPORT

SOUTHCENTRAL RAILBELT
AREA,ALASKA
ALASKA DISTRICT,

CORPS OF ENGINEERS
JUNE /975



200,000

EXCEEDENGE FREQUENCY PER HUNDRED YEARS

NOTES: 1. Frequency Analysis based on 23 years of record (1950-1973)
2. Frequency Curves were computed using the Log Pearson Type III Method

,)0,)
)0,)
~

100,000
90,000
80,000

~70,OOO0 60,000

Z50,OOO

3=40,000

9
LL30,OOO

20,000
Volwne Frequency

SUSITNA RIVER'
At

GOLD CREEK

I DAY
3 DAY

7 DAY

\0 DAY

30 DAY

10,000 ;

m )::0'
:;I:l"C
):0"0

):0 -C CD
I :::I:~

'""-! 0.
~ ):0 ....

IX
Nw ....

1.01 1.1 2 5
EXCEEDENCE INTERVAL IN YEARS

10 20 50 100 1000
INTERIM REPORT

SOUTHCENTRAL RAILBELT
AREA, ALASKA
ALASKA, DISTRICT.

CORPS OF ENGINEERS
JUNE 1975



EXCEEDENCE FREQUENCY PER HUNDRED YEARS
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EXCEEDENcE FREQUENCY PER HUNDRED YEARS
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SUSPENDED SEDIMENT RATING CURVES
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TOTAL SEDIMENT RATING CURVE FOR SUSITNA

BASIN ABOVE GOLD CREEK GAGE

TOTAL SEDIMENT DISCHARGE TONS,., CUBIC MILE
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AREA AND CAPACITY CURVES
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AREA AND CAPACITY CURVES
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RE;SERVOIR AREA (1000 ACRES)

40
I

36
I

32
1

28 24 20 16
I I 1 1

12
I

8 4 o

z
Q
~.
>
LU
..J
LU

69-736 0 - 80 - 18

STORAGE CAPACITY

233

(MILLION AC. Fl:)



ARE.A AND CAPACITY CURVES
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RESERVOIR AREA (1000 ACRES)
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AREA AND CAPACITY CURVES
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AREA AND CAPACITY CURVES

OLSON RESERVOIR

RESERVOIR AREA (ACRES)

900 750 600 450 300 150 0
j-'-,--r-T"""""""1-+--r----r---r-,-;'r--r--r-...,..-..,.-;-.1...,..-..,.-~r--rl--,---.--,--,--I--t--I-- r-~I

I035H-4-+-+-+--I-l-4-+-+-+--I-lH--+-1-+-+-1I-t-+-1-+-+-I-t-t--+-+--l
,.-." .- .__. -- --_..._.... --- -- _.. _. --_ .._.-. _. ---- .- ._-- -- ---

60

1-

--
---·1- ---~ -1- _ ... _--

- I-- --
,1-- .= =_.1-1--_1---1--"':~_-I--I--I

I-- -

I I
40 50

I-- 1--1--,1-- ,,-

I
30

236

STORAGE CAPACITY (THOUSAND AC. FT.)

1/ _ :: -:: -:- \.- -~=:= :==
/ ._. - -- _. I····, -, --- ,'.' - -

9 I 5 H-v~-t:t="fr;;i;;;;;±;;;;;t;;;;I;;;;:±;;::l;;';;;I'=-±-=-·±:=lI:=l:;;;;I;;;;;;I;;;~-HI\~__'d.-::-:-t,~,_t~-i-==t--:-.-t.':t'-::-I

~ 1=_ === SOUTH~~~~~A~EP~~TLBELT ==~~======
AREA, ALASKA
ALASKA DISTRICT

CORPS OF ENGINEERS
JUNE 1975

895--/ ~ = ===
I
t -.-- -.'- - .-.-..--._. --",,--.-

- '._-. _.- - -_.-



AREA AND CAPACITY CURVES
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TWO-DAM SELECTED PLAN

Perti nent Da ta

Watana
. -

Lcication River Mile 165(2 mi.
upstream from DC pool
head)

Type Construction Earthfill

Height, feet 810

Crest Elevation~ - 2,210
feet, m.s.l.

Crest Length, feet 3,450

Design Earthquake, 8.5
Richter Scale

Epicenter Distance, 40
miles

Focal depth. miles 20

Water surface area 43.000
(full pool). acres

Reservoir Storage ~ 9.624.000
(full pool). acre-feef~"-

Full Pool Elevation. 2.200
feet. m.s.l.

Average Annual Estimated 100
Drawdown. feet

Reservoir Length (river 54+
miles inundated)

Powerplant Three 264-mw units

Firm Annual Energy 3.1
(independent). BkwHrs

259

Devi 1 Canyon

River Mile 134 (14.5
mi. from Gold Creek)

Concrete, thin-arch

635

1,455 at thin-arch
section; 1.461 at
earthfill section

2.475

8.5

40

20

7.550

1.050.000

1.450

<5

28

Four 194-mw units

0.9



Pertinent Data (Continued)

Watana Devil Canyon

Firm Annual Energy with
Storage at Watana
(combination), BkwHrs

Secondary Production for
2-dam system, annually,
BkwHrs

Spillway Capacity, cfs

Normal Minimum Pool Level
feet, m.s.1.

Maximum Design Flood
Elevation, feet, m.s.1.

Outlet Works

Diversion Facilities

Access Road, miles

Construction Time, years

Reservoir Storage Loss
Sedimentation, per 100
years (combination)

Total Project Costs

Benefit-to-cost Ratio
(compared to coal, using
6-1/8 percent interest
rate and 100-yea~ life)

3.08

0.44

165,000

1,950

2,205

High-level, two
10x14 gates, 25 ft.
circular tunnel
(Qmax. = 28,000 cfs)
Low-level, two 10x14
gates, 25 ft. circular
tunnel (Qmax. = 28,000
cfs)

Two 30 ft. horseshoe
tunnels (72,000 cfs)

37

6

4.2 percent

COSTS

$1.088.000.000

1.4 - Federal financing

260

3.02

0.36

228,000

1.275

1.455

Four 11x7-1/2 gated
openi ngs in dam
(Qmax. = 47,000 cfs)

One 26 ft. horseshoe
tunnel (21,000 cfs)

27

5

6.5 percent

$432.000,000



Annua 1 Cos ts

Annual Benefits

Two-single Circuit
Lines

Route

Length

,Pertinent Data (Continued)

Watana

$104,020,000

$147,821,000

TRANSMISSION SYSTEM

To Anchorage

136 miles
345 kv

Southern

Devil Canyon Switchyard
w. to--Go1d Creek--
sw. along Susitna R.,
ARR-Ta1keetna--e. bank
Susitna R.--Nancy Lake
area--s. to Pt. MacKenzie

\

Devil Canyon-MacKenzie
140 mi.

Devil Canyon

To Fa i rbanks

198 miles
230 kv

Northern

Devil Canyon Switchyard
w. to Gold Creek n.
to Chulitna along Parks
Hwy, ARR thru Broad
Pass--Nenana Canyon
Healy, then along
existing 1ine--Go1d
Hi 11-Ester

Devil Canyon-Ester
200 mi.

Length Devil Canyon-Watana
30 mi.

Cleared Right-of-way

Devil Canyon-MacKenzie

Varies

Devil Canyon-Ester

Towers

Conductors (ACSR) 954

261

Steel or aluminum

1272



PROJECT DESCRIPTION AND COST ESTIMATES

PLAN OF IMPROVEMENT

SELECTED PLAN LOCATION AND DESCRIPTION

The selected plan consists of a two-dam development on the upper
SusitnaRiver in the southcentral part of Alaska (see Plate B-1). The
dams,i n the sequence in whi ch they wi 11 be constructed, are:

Watana Project: The project consists of an'earthfi11 dam with saddle
spillway that discharges into adjacent Tsusena Creek (see Plate B-5).
The project1s underground powerhouse has·a capacity of three 264-MW
generating units totaling 792-MW. The damsi tei sat river mile 165,
about 45.5 miles upstream of Gold Creek, the closest point on the Alaska
Railroad.

Devil Canyon Project: The project consists of a concrete thin-arch dam
with a spillway through the left abutment (see Plate B-12). The proj
ect's underground powerhouse has a capacity of four 194-MW units totaling
776-MW. The damsite is at river mile 134, about 14.5 miles upstream of
Gold Creek. The Devil Canyon reservoir will extend to within 2 miles ~f

Watana Dam.

FEATURES OF THE SELECTED PLAN

This section describes in detail the features of the Watana and
Devil Canyon projects.

Watana Features:

Main Dam: The main dam consists of an earthfill structure 810 feet
high having a crest length of 3,450 feet at elevation 2,210 feet, m.s.l.
The maximum section, shown on Plate B-6, has an upstream side slope of 1
vertical on 2.5 horizontal and a downstream side slope of 1 vertical on
2 horizontal. .

A concrete gravity dam was considered; however, estimates (for a
lower dam height) indicated dam and spillway costs were nearly double
those for a comparable gravelfill dam and spillway. Processing of
aggregate and cement costs were a major reason for the large difference
in costs.

For the earthfill dam, a design earthquake of 8.5 Richter magnitude
or equivalent is being used in stability analysis, as discussed in
Section D of this appendix.
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Spillway: Two different spillways were studied in detail for the
Watanadamsite, one a right bank spillway and the other a saddle spillway.
Although the right bank spillway was found to be ~ore economical,
because of other considerations including the very limited space both
upstream and downstream on the right abutment, the saddle spillway was
selected.

The saddle spillway's 1,650-foot converging entrance channel
slopes toward the reservoir pot)1 ,as shown on Plate B-8. The crest is
a low ogee type with an elevation of 2,162 feet, m.s.l. The spillway is
controlled with three 59-foot x 42-foot tainter gates. An access road
to the spillway and saddle area is shown on Plate B-5. The channel
downstream of the crest is concrete lined fora minimum distance of 150
feet and then transiti ons '1;o_sound natural rock. The channel di verges
to 600 feet wide approximately 930 feet downstream and continues at that
width for about 2,350 feet where it discharges into Tsusena Creek,
approximately 2.6 miles upstream from its mouth. The channel daylights
at about elevation 2,090feet,m.s.1., and cascades down the remaining
410 feet to the creek at elevation 1~680 feet, m.s~l.

Routing of the design flood through the reservoir resulted in a
maximum project design flood of 192,000 cfs at a reservoir pool ele
vation of 2,205 feet, m.s.l. The spillway can discharge 165,000 cfs and
the remainder will pass through the high-level outlet works. The spillway
and outlet works rating curves are shown on Plate B-5.

"--",,~

"Outlet Works: The outlet works consist of two separate intakes and
conduits, the high-level intake at elevation 1,925, and the low-level
intake at elevation 1,725. The controlling criteria for these intakes
are ER 1110-2-50 (the emergency drawdown requirement), 'and the maximum
safe head for service gates of 250 feet., Although the ER requires evacu
ation of 90 percent of the reservoir volume in four months, a more
extended drawdown time of eight months is proposed for the following
reasons:

1. The large sectional width of the dam, once the water drops
below the spi,llway crest, provides an inherently safer structure than a
concrete dam of the same height.

2.:' The flood plain downstream is sparsely populated.

3. The cost differential between outlets necessary to provide a
four-month drawdown and an eight-month drawdown is excessive, being in
the order of $50 million.

Appendix I
B-2
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A single outlet level was not chosen because the gates would have to
operate under a maximum head of 480 feet and for a protracted 250-plus
day period.

Under the proposed deviation from the ER requirements, the reservoir is
drawn down to elevation 1,775, evacuating 90 percent of its volume, in
275 days. Drawdown time is plotted against reservoir elevation on
Graph B-2. Rating curves for the outlets with 100-percent gate openings
are shown on Plate B-5. Each outlet works consists of two 10x14 emergency
slide gates and twolOx14 controlling taintergates, a 25-foot, circular,
steep conduit, and a 30-foot, horseshoe, flat conduit. The flat slope
conduits are the downstream portions of the diversion tunnels. Profiles
of the outlet works are shown on Plate B-7. Details of the intake are
shown on Plate B-9.

Diversion Features and Operation: Diversion of the river flow
through two 3,700 and 4,000-foot-long by 30-foot, straight-legged,
horseshoe tunnel swill dewater the damsi te and tail race portal s. GraveHill
cofferdams about 100 feet high protect the area against all floods up to
the 20-year design flood, 72,000 cfs. The cofferdams are incorporated
in the main dam embankment. Each tunnel inlet is controlled by two
12.5-foot by 22-foot roller gates.

Sequences of construction and operation are as follows:

1. Sheet pile cofferdams isolate the upstream and downstream
portals. Inlet and outlet structures are constructed, tunnels are
driven and lined. See Plate B-9 for details.

2. After completion of diversion tunnel No.1, the river is
diverted into it. This will take place in the fall as soon as river
discharge is low enough. The downstream portion of diversion tunnel No.
1 will eventually become part of the high-level outlet works. The
downstream portion of diversion tunnel No.2 will become part of the
low-level outlet works. Upon river closure, construct jon of the coffer
dams commences.

3. Construction of diversion tunnel No. 2 can continue until
spring of the year following river closure. However, both tunnels must
be ready for the high summer flows that year. The cofferdams must also
be at or near their design elevation at this time. Construction of the
inclined shaft of the low-level outlet works can continue in diversion
tunnel No. 2 during the winter.

4. Once the low-level outlet works are complete, all river flow
can be shifted to diversion tunnel No.2 (in the winter seaSOn only),
and the inclined shaft for the high-level outlet works can be completed.

"
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5. In the fall of the year before pool filling commences, river
flow is routed through tunnel No. 2. The filling valve and partial plug
are then constructed in tunnel No.1 (see Plate 8-9). Pool is filled by
closing and permanently plugging tunnel No.2. Minimum river flows are
maintained through fill valve in tunnel No.1, and river rises to low
level outlet. By this time, plug-in tunnel No.2 is in place and flow
is allowed through low-level outlet and stopped through fill valve. The
partial plug at the fill valve in tunnel No.1 is completed and the
reservoir continues to rise to power intakes. The system is designed to
maintain minimum summer and winter releases of 5,000 cfs and 1,000 cfs;
respectively.

Powerplant: The Watana powerplant is located in an underground
chamber in the left abutment. Installation will consist of three 264-MW
generating units being turned by three 362,000-horsepower Francis turbines.

The powerhouse chamber contains the generators and turbines , two
600-ton cranes, a machine shop,and all other necessary equipment, as
shown on Plates B-10 and B-ll. The three-phase transformers and circuit
breakers are housed in a separate cavern upstream of the main powerhouse
chamber, as shown in profile on Plate B-l1. Vehicle access to the
powerplant is provided by a service road 1.9 miles long, and includes a
2,100-foot tunnel, as shown on Plate B-5.

A cost comparison between an above ground and an underground power
plant at the Watana damsite showed that the underground plant is less
expensive. Other factors, such as severe winter weather conditions,
short construction seasons, higher above ground maintenance costs, and
lack of good above-ground sitelocations,also favor the underground
plant selection.

Penstocks and Waterways: 'A\penstock and waterway profile is shown
on Plate B-8. The penstock entrances are bell-mouth openings that
transition into 18-foot and 25-foot- diameter conduits prior to leaving
the intake structure. In the selective intake system, the penstock
centerlines are placed in the intake structure at elevation 1,910 feet,
m.s.l., and designed to select water at the desired elevation, which
will help meet downstream water quality requirements. There are many
advantages to having a selective withdrawal capability and itis especially
important in projects with high heads. The penstocks drop from the·
intake structure to elevation 1,460 feet prior to passing through
bonnetted, wheel-mounted gates installed in the gate chambers just
upstream of the powerhouse. Surge chambers and draft tube bulkhead
wells are placed in a common cavern downstream of the powerplant. The
three draft tubes join to form a 60-foot horseshoe draft tube which
returns the water to the natural river channel.

Model Studies: Model studies will include: a general model of the
outflow from the diversion tunnels, the draft tubes, and the outlet
works, and the inflow to the selective withdrawal tower; detailed models
6f the outlet works intake, tunnel, stilling basin, and downstream
channel; and detailed model of the plug and fill valve.
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Switchyard and Transmission System: The Watana switchyard is
located on the left bank of the Susitna River just downstream of the
dam, as shown on Plate B-5. The swi tchyard covers an area approximately
700 feet by 500 feet, at elevation 2,100 feet,m.s.l. Thehigh-voltage
cables pass through an access shaft to the switchyard above.

The transmission system involves approximately 30 miles of line to
·tie the Watanaswitchyard into th.e main system at the Devil Canyon
switchyard. The 30-mile 230-kv system would consist of two single
circuit lines.

s Lands and Reservoir Clearing: Some lands within the Watana reser-
voir area were withdrawn for power purposes in February 1958. However,
access roads, transmission corridors, and some other project features
were not included in the withdrawal. There are no existing roads,
railroads, or other improvements affected by the reservoir impoundment.
The powersite withdrawal for Watana damsite, in effect, includes all
lands below the 1,910-foot contour elevation. The additional lands
requ.ired comprise an estimated 35,000 acres.

Watana reservoir, shown on Plate B-1, has a su"rface area of 43,000
acres at normal full pool elevation of 2,200 feet. The normal minimum
pool level would be at elevation 1,950, while the maximum elevation
produced by the inflow design flood would be 2,205 feet. The reservoir
would extend about 54 miles upstream to a point approximately four miles
below the confluence of the Tyone River with the Susitna.

Regul ati ons requi re that the reservoi r area, between minimum and
maximum pool elevations, plus a vertical distance for safety reasons, be
cleared in total. Therefore, it is planned that all floatable and other
debris which might create public and wildlife health hazards, operational
hazards, and navigational hazards be .removed.

Access. Road: Access to the Devil Canyon damsi tefrom the Parks
Highway would involve 27 miles of new road. Several routes were con:..
sidered. The selected route is the most economical. This route, as
shown on Plate B-1, begins at Highway 3 near Chulitna Station and winds
south and east along the railroad until it meets the Susitna River. The
road crosses the Susitna on a 650-foot bridge and parallels the river on
the south bank for several miles. Then, climbs out of the Susitna River
canyon, the road takes an easterly direction to the Devil Canyon damsi teo

The access rGad to the Watana damsi te from the Devil Canyon damsite
involves an ~dditional 37 miles of new road. The selected southern
route, as shown on Plate B-1, was found to be the most economical. The
route north of the Susitna River involved several major bridges. In the
southern route, only one major bridge, a 500-foot structure crossing the
reservoir where the Devil Canyon pool backs up into Cheechako Greek, is
required. The access road then climbs to its highest pass (elevation
3,075 feetm.s.l.) as it winds southeast and then east. The road • .~

passes by the northern end of Stephan Lake, conti nuesacross Fog Creek,
winds north around the fog Lakes area, and ends at the Watana damsite.

266



The 24-foot-wide road, using American Ass,ociation of State Highway
Officials (AASHO) standards, is designed for a 30-mile-per-hour speed,
with 275-foot minimum curve radius and maximum grades of 8 percent.

The Alaska Railroad siding at Gold Creek may be enlargea for a
railhead and transfer point for trucking of heavy materials by access
road to the project site. A small plane runway is planned for the
Watana damsite. -

Buildings, Grounds, and Utilities: The temporary construction
camp, which is planned to be located at the damsite, consists of
trailers and multidwelling units. Facilities used during construction
of the Watana project may be relocated and used during construction of
the Devil Canyon project. Operation and maintenance facilities at the
damsite include a warehouse, a vehicle storage building, and permanent
living quarters. .

. The visitor facilities at Watana are to be located near the left
abutment of the dam and include a small visitor center building. The
planned visitor center provides interpretive facilities and restrooms.
The building, parking lot, and walks are to be designed and landscaped
to blend harmoniously into the surrounding area. Parking spaces for
visi,tors and administrativ,e personnel provide for 30 vehicles, 10 with
trailers, during the four-month recreational season, 15 May through 30
September. The parki ngfacil iti es could also serve the Watana Creek
trail system which begins on the right abutment at the Watana Dam. Five
picnic units are located within this area .

. , .- ---~

Operating facil ities at Wa'tana reservoir are located approximately
2 to 3 miles upstream from the damsite on the south shore of the reservoir.
The facilities include a paved boat ramp approximately 65 feet wide that
serves a reservoir drawdown of about 50 feet. The ramp also has a one
lane, gravel- surfaced extension that can be used for reservoir mainten
ance purposes when drawdown is in excess of 50 feet. Related facilities
include parking facilities for 28 vehicles, 20. with trailers, and 2
vault toilets. The facilities are to be .designed and landscaped to
blend harmoniously into the natural sur.roundings.

Permanent Operating Equipment: The permanent operating equipment
for the Watana project consists of approximately 5 pieces of heavy
equipment (e.g. D-8 dozer, lowboy, mobile crane) about 9 pieces of
lighter equipment (e.g. pickups, sedans, small flatbeds), andapprox
imately 4 pieces of other maintenance and emergency equipment (e.g. snow
tractors, firetruck).

Project-owned operation and maintenance tools, such as shop,
warehousing, and communications equipment are included in this feature.
Water management activities require the installation of a data acquisi
tion system (wi th its associated permanent operating equipment) to
obtain data on rainfall, snowpack, and river and reservoir stages, water
quality parameters and reservoir ice thickness. The major part of this
system is required at an early date to prOVide capability for flood
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forecasting during construction and for the filling and operation of
Watana reservoir.

Devil Canyon Features:

Main Dam: The main dam, as designed by the United States Bureau of
Reclamation (USBR), consists of three integral sections: (1) a 635
foot-high concrete, double curvature, thin-arch right abutment section
with a crest length of 1,370 feet; (2) a 1l0-foot-high concrete thrust
block center section with a crest length of 1.55 feet; and (3) a 200
foot-high curved earth or gravel fill left abutment section with a 950
foot crest length. The crest elevation is 1,455 feet, m.s.1,. at the
thin-arch section, and transitions to 1,461 feet, m.s.1. at the earthfill
section.

Topographic conditions necessitate the left abutment thrust block.
The foundation rock is predominantly fine-grained clastic Or phyllite
capable of withstanding the high loads imposed by the thin-arch dam
design and accompanying reservoir. A pattern of shears that strike
cross-river and dip nearly vertically requires .remedia1 treatment where
they are associated with the foundation of the dam; however, the amount
of treatment involved is slight and is not a significant cost factor. A
suitable borrow source for coarse and fine aggregates exists in a fan
deposit (in the Cheechako Creek area) upstream from the dam axis on the
left bank of the Susitna River. Foundation grouting is to be provided
along the entire length of all three sections of the dam.

A complete stability analysis of the arch dam for earthquake
design was made. The Maximum Credible Earthquake (MCE) used in the
analysis had a magnitude of 8.5 on the Richter Scale at 40 miles from
the dam and a focal depth of 20 miles. To compensate for above average
tensile stresses produced by the MCE in the upper thi rd of the central
portion of the dam, a system of high strength steel strands is incor
porated in the upstream face of the dam. A more deta 11 ed di scussi on of
foundations, borrow source areas, and seismo1o.gy can be found in Section D.

Spillway: The service spillway is located on the left abutment
high ground between the arch dam thrust block and the earthfill auxiliary
dam, and is intended·to operate whenever· reservoir outflow is needed in
excess of the power plant discharge. A central spillway and plunge pool
were analyzed but not selected, principally because of the plunge pool's
proxim.ity to the dam and the very great depths to which this type of
pool can erode. Secondarily, nitrogen supersaturation problems are much
greater with this type of overflow. Spillway design flood for Devil
Canyon Dam, with the Watana project completed, is 222,000 cfs. The
spillway is designed to pass this flow at.a reservoir elevation of
1,452.5 feet, m.s.1. The agee crest is at elevation 1,395. Two 64
foot-wide by 60-foot-high radial gates control flow and provide storage
to maximum pool elevation. Elevation and sections are shown on Plate B-13.
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The chute terminates at elevation 1,110 ina flip bucket with a
superelevated floor which deflects the water into a trajectory parallel
with and directly above the river. A spillway rating curve with both
gates open is shown on Plate B-12.

Low-Level Outl et Works: Four 11-foot by 7-1/2-foot gated sl ui ce
ways at elevation 1,075 in the dam provide emergency drawdown capability
to elevation 1,150 in accordance with the criterion established by
ER 1110-2-50, dated 22 August 1975, which states that 90 percent of the
reservoir volume must be evacuated within a four-month period during the.
high inflow season. Additional criteria are that the outlets should be
at or above the 100-year sedimentation 1evel and that operation heads on
service gates cannot be over 250 feet, except that if the gates are used
only in special or emergency situations, 350 feet can be used.

Inflow during the four-month drawdown period is computed at 18,550 cfs
(average of four high months as per ER). Even assuming four units
discharging at maximum capacity during drawdown with the reservoir at
the spillway crest, this plant outflow is only 18,000 cfs. Therefore,
additional drawdown capacity must come from the low-level outlets. An
operating head of 350 feet measured below the spillway crest elevation
(1,395) would indicate a minimum elevation of 1,045 for outlet; however,
this elevation .is well below the minimum consistent with the sedimentation
criteria. (T~e four sluiceways with a minimum discharge of 21,000 cfs
under 75 feet i of head were sel ected.) As acompromi se between a head
consistent with flows great enough to achieve rapid drawdown and the
sedimentation criterion, with 1,075 as.th~ outlet elevation and opening
the sluice gates with 350 feet of head, the reservoir tan be drawn down
to elevation 1,150 in 25 days. The spillway and four units in the
powerhouse also discharge during the firs~.part of the drawdown period.
See Graph B~l for the drawdown curve. ,t

A rating curve for the outlet works is shown on Plate B-12 .. Each
sluice has an emergency gate, a service ,gate, and facilities for injecting
air around the periphery of the flow. A 300 lip on the downstream end
of the sluice projects the water well away from the toe of the dam.
Because of the infrequent use of the outlet, no plunge pool is provided.
Details of the sluiceways are shown on PlateB.,13.

Diversion Structure: Construction .of the Watana ·project first pro
vides flow regulation and substantially reduces the diversion effort at
Devil Canyon. A 26-foot, lined, horseshoe diversion tunnel will be
driven 1,150 feet through the left abutment. A cellular cofferdam will
be constructed downstream of the diversion tunnel entrance to dewater
the damsite. The dam will be high enough to allow a head of 50 feet on
the tunnel entrance invert, enabling the tunnel to pass the output of
three units from the Watana plant, about 20,000 cfs, under pressure
flow. Up to 15,000 cfs, the tunnel flow is open channel. Two 12-1/2
foot by 22-foot intake gates will regulate flow during diversion. A
cellular cofferdam, to be removed upon completion of the project, will
also be constructed downstream from the draft tUbe 'outlets.
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A gated bypass opening constructed either integrally with the
intake structure or in one of the gates provides minimum downstream
flows during initial reservoir filling only. A permanent concrete
tunnel plug is constructed immediately after closure of the bypass
valve.

Powerplant: The Devil Canyon powerplant is located in an under
ground chamber in the right abutment. Four 194-MW generating units with
266,000-horsepower Francis type turbines are installed.

The powerplant chamber houses the ,generators and turbines, two 425
ton cranes, service areas, and a machine shop for equipment maintenance
and repair. The three-phase transformers and circuit breakers are
housed in a separate cavern upstream of the main powerhouse chamber, as
shown in plan on Plate 8-14. Draft tube gate slots are provided in the
powerplant chamber to minimize pumping for draft tube unwatering.
Personnel access is provided through a divided tunnel from the dam. The
other portion of the divided tunnel will carry the high-voltage cables
from the powerplant to the dam. The ,high-voltage cables pass through
the dam via a gallery and then to the 345-kvswitchyard located on the
left abutment .

. Vehicle access to the powerplantis provided by a service road
across the top of the dam and an all-weather road on the ri ght bank of
the river. The road is 2.3 miles long and includes 2,100 feet tif
tunnel (see Plate 8-12).

Penstocks and Waterways: Penstocks are two 24-foot-diameter steel
conduits through blocks 10 and 11 of the dam. Two inclined, semi
circular, metal trashracks, located on the upstream face of the dam,
prevent debris from entering the penstocks. Guides that extend from the
crest of the dam to the bottom of the intakes are provided to allow for
installation of stoplogs and subsequent inspection of the selective gate
intake system. Intake openings are at 50-foot intervals beginning at
e"levation 1,100 and ending at elevation 1,400. The selective withdrawal
capability will help meet downstream water quality requirements for
dissolved oxygen and temperature. Downstream from the dam, the steel
conduits are installed in tunnels. The two 24-foot penstocks bifurcate
into four 18-foot-diameter penstocks just before they enter the power
plant. Emergency gate regulation for all pei'lstocksis provided by .
bonnetted, wheel-:-mounted gates installed in a gate chamber immediately
upstream from the powerpl ant. Acces.s from the gate chamber to the
powerplant is provided by a tunnel sufficiently large to transport a
wheel-mounted gate to the machine shop of the powerplant. The indi
vidual draft tubes from the four units join to form two large discharge
tunnels to the river (see Plate 8-12).

Model Studies: Anticipated hydraulic models for the Devil Canyon
project are: (l) a general model showi ng spi llway flow, outflow into
the river channel from the diversion tunnels, the low-level outlets, and
the powerplant and inflow into the· selective withdrawal system; (2) a
detail model of the low-level outlet works.
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Switchyard and Transmission System: The Devil Canyon switchyard is
located on the left bank of the river immediately downstream of the
earthfill section of dam. The switchyard and transmission voltage
is 345 kv. The switchyard and powerhouse is connected by high voltage
cables which pass through a system of adits and galleries.

The transmission line from the switchyard to the Anchorage area
consists of a 345-kv system with two single circuit 136-mile lines using
954 ACSR conductors. The transmission line north to the Fairbanks area
consists of a 230-kv system with two single circuit 198-mile lines
utilizing 1272 ACSR conductors. The transmission systems and their
related corridors are discussed in Section H.

Lands and Reservoir Clearing: There are not roads, railroads, or
other facilities affected by the reservoir impoundment. The Devil
Canyon Dam powersite withdrawal, in effect, includes all lands below the
1,500-foot contour elevation. The additional lands required (by ER 405
2-150) comprise an estimated 1,840 acres. Devil Canyon reservoir would
have a surface area of 7,550 acres at normal full pool elevation of
1,450 feet. The'normal minimum pool level would be at elevation 1,275
while the elevation produced by routing the inflow design flood through
the reservoir would be 1,452.5 feet. The reservoir would extend about
28 miles upstream to a point near the Watana damsite. The reservoir
area, confined wtthin the Susitna River canyon, would be relatively
narrow, as shown on Plate B-1.

The reservoir area between minimum and maximum pool elevations plus
the vertical distance required by safety regulations would be cleared in
totaL Also, all floatable and other debris that may create public and
wildlife health hazards, operational hazards, or navigational hazards
are to be removed. Achieving a pleasant general appearance is a planning
objective in final reservoir clearing.

Buildings, Grounds, and Utilities: Tentative sites have been
se1ected forconstructi on of contractors I and government camps, as well
as permanent housing for operating personnel. The temporary construc
tion camps, located at the damsite, consist of trailers and multi-

. dwelling units. Permanent housing are to becomplejted for utilization
by construction personnel prior to occupancy by the operating personnel.
Operation and maintenance facilities are located on the left abutment,
and include warehousing, vehicle storage, and permanent living quarters.

The visitor facilities at Devil Canyon are to be located near the
left abutment of the dam. The planned facilities include a visitor
center building with administration space, interpretive facilities, and
restrooms. The building is to be designed and landscaped to blend
harmoniously into the surrounding area, as will the walks and parking
facilities. Parking spaces for visitors and administrative personnel
provide for 40 vehicles, 15 with trailers. The visitor facilities will
probably operate for .a four-month period, 15 May through 15 September.
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The parking area could also serve the downstream terminus of the Devil
Canyon trail system. Six picnic units are located within this area.

The operating facilities at Devil Canyon reservoir include a paved
boat ramp with a floating dock to serve a 10-foot reservoir drawdown.
The boat ramp has a gravel surfaced one-lane service extension that
could be used for. reservoir maintenance purposes if drawdown ever exceeds
10 feet. The boat ramp location ;s between 1 and 3 miles upstream from
the dam on the south shore of the reservoir. Related facilities include
parking facilities for 40 vehicles, 30 with trailers, and 2 vault toilets.
The facilities are to be designed and landscaped to blend harmoniously
into the surrounding area.

Permanent Operating Equipment: The permanent operating equipment
for the Devil Canyon project consists of approximately 2 pieces of heavy
~quipment, 4 pieces of lighter equipment, and 2 pieces of other mainten
ance and emergency equipment. With the main transmission tie located at
Devil Canyon all line trucks, operation and maintenance tools and equip
ment associated with the transmission line are stationed at Devil Canyon
or at two small line stations near Talkeetna and Healy.

The data acquisition system at Devil Canyon consists primarily of
reservoir and tailwater gages, and instrumentation to measure reservoir
water temperature at ·selectedreservoir elevations. Facilities for measure
ment of other water quality parameters within the reservoir and downstream.
of the project are provided.

ALTERNATIVE HEIGHTS CONSIDERED FOR THE SELECTED DAMS

Maximization studies of the selected plan used design and cost
estimates for one Devil Canyon reservoir pool elevation (1,450 feet) and
four Watana reservoir pool elevations (1,905, 2,050, 2,200~ and 2,250 feet).
The following tabulation gives estimated project costs for the selected
plan using various Watana Dam heights. The reduced Devil Canyon cost in
Plans 3 and 4 is due to the construction sequence. Plans 1 and 2 were
based on constructing Devil Canyon first while a reverse sequence was
most desirable for Plans 3 and 4. With Watana constructed first, certain
Devil Canyon costs either. transferred to the Watana total or decreased.

Costs in $1,000,000

Plan Devil Canyon Watana Total

l. Devil Canyon-Low Watana 0905) 7l4.0 420.0 1,134.0
2. Devil Canyon-Mid-Watana (2050) 714.0 628.0 1,342.0
3. Devil Canyon-High Watana (2200) 432.0 1,088.0 1,520.0
4. Devil Canyon-High Watana (2250) 432.0 . 1,153.0 1,585.0

Devil Canyon Dam: The Devil Canyon Dam height is limited to a maximum
elevation of 1,455 because of topographic restraints at the left abutment.
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The reservoir storage capacity at Devil Canyon is relatively small due
to the narrow, steep-walled canyon. Decreasing the dam's height would
decrease the power generating capability because of reduced head. For
these reasons, the only normal pool elevation considered for Devil
Canyon was elevation 1,450 feet, m.s.l. Refer to Tables B-2 and B-6 for
summary and detailed cost estimates, respectively.

Watana Dam: The Watana Dam was estimated for the followi ng four normal
pool elevations: (1) Low Watana (1,905 feet elevation); (2) Mid-height
Watana (2,050 feet elevation); (3) High Watana (2,200 feet elevation)
and (4) High Watana (2250 feet elevation). The High Watana Dam (2200 feet)
is part of. the selected plan and has already bee~ discussed in detail.
Refer to Tables B-1 and B-5 for summary.and detailed cost estimates,
respectively. The site location for all four Watana structures is the
same, Susitna River mile 165, as shown on Plate B-5.

Low Watana consists of a 515-foot (structural) high earthfill dam
with 1 vertical and 2.5 horizontal upstream, and 1 vertical and 2 hori
zontal downstream side slopes. The dam· would have an approximate crest
length of 1,650 feet at elevation 1,915 feet, m.s.l. The spillway
would pass through the right abutment and cascade down a chute, dropping
more than 400 feet before returning to the natural river channel down
stream of the dam. The low ogee crest would be at elevation 1,870 feet,
m.s.l., have a crest length of 260 feet, and support four 57-foot x 42
foot tainter gates. The intake structure would be placed upstream on
the left side with a bridge to connect the structure to the left bank
access road. The i·ntake structure would house the penstock entrances
and their associated transition sections, in addition to containing the
necessary elevator, machinery shaft, valve room, and other incorporated
miscellaneous features. The diversion tunnels. would be placed in the
right bank of the Susitna River. The method used in cofferdamming,
diverting, and unwatering for the estimated 3,000-foot tunnels would be
as explained in the discussion of High Watana.

The powerplant would be underground with an estimated installed
capacity of 420-MW. The location of the powerhouse chamber would be
similar to that of High Watana's. The overall cost of the powerplant
for Low Watana Dam were obtained from a method presented in Federal
Power Commission (FPC) publication, 1968. Hydroelectric Power Evaluation
using gross head an9 installed capacity of the proposed powerplant to
obtain a cost-per-kilowattvalue that was then equated to present Alaskan
construction costs. This guide was applied to all projects in the
study. It was checked against the Devil Canyon and High Watana power
plant costs that were estimated in detail using computed quantities. The
comparison showed that the two values for each powerplant agreed within
five percent, the FPC estimating method being fractionally higher for
both Devil Canyon and High Watana. The switchyard and transmission
system is similar for all three Watana projects.
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A major portion of the lands within the low Watana reservoir area
was withdrawn for powersite purposes; however, additional acres would be
required (as per ER 405-2-150).. Low·Watana reservoir would have a
surface area of 14,000 acres. at normal full pool elevation of 1,905
feet. The normal minimum pool level would be at elevation 1,650, while
the maximum elevation produced by the inflow design flood would be 1,910
feet. The pool would extend about 40 miles upstream to a point near the
Vee damsite. The reservoir area, confined within the river canyon,
would be relatively narrow, as shown on Plate B-3. The reservoir area
would be cleared, as required by regulation. The access road is equiva-.
lent in sCope and cost to that of High Watana, as are the buildings,
grounds, and necessary utilities. A summary cost estimate for Low
Watana is listed on Tab1e·B~7. .

Mid-Watana dam consists of a 660-foot-high earthfi11 structure with
upstream side slopes of 1 vertical and 2.5 horizontal, and downstream
side slopes of 1 vertical and 2 horizontal. The dam would have an
approximate crest length of 2,600 feet at elevation 2,060 feet, m.s.1.
Mid-Watana would utilize the right bank saddle· for its spillway location,
as does High Watana. The ogee crest would be at elevation 2,005 feet,.
m.s.1., have a crest length of 210 feet, and support three 59-foot by
42-foot tainter gates. The overall dimensions would be similar to High
Watana's spillway except that the approach channel would be longer asis
the total length downstream of the crest. The intake structure location
would be similar to the other Watana projects. The diversion would be
by two 30-foot..,diameter horseshoe tunnels, 3,800 feet in length, placed
in the right bank of the Susitna Rive~.

The Mid-Watana powerp1ant would be underground also, with an esti
mated installed capacity of just under 500.;.MW. Its location'wou1d be in
a chamber on the left abutment centered approximately under the dam
axis. The FPC cost estimating method, explained earlier, was applied to
obtain overall powerp1ants costs.

A large portion of the lands within Mid-Watana reservoir are covered
by the powersite withdrawal; however, additional acres would be required
to meet acquisition regulations. Mid-Watana reservoir would have a
surface area of 25',500 acres at normal full pool elevation of 2,050
feet. The normal minimum pool level would be at elevation 1,720, while
the maximum elevation produced by the inflow design flood would be 2,055·
feet .. The pool would extend about 50 miles upstream to the confluence .
of the Oshetna River with the Susitna River. The reservoir area to be
cleared, as per regulation; would be relatively narrow, as shown on
Plate B-2. The access road, buildings, grounds, and necessary utilities
are equivalent in all three Watana projects. A summary cost estimate
for Mid-Watana Dam is given in Table B-7.

High Watana Dam (2250 feet) consists of an 860-foot-highearthfi11
structure that raises the dam to its topographic limit. This height
was estimated for scoping purposes and it was found that while this
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50 foot increase (from 2200-foot height) provided minimum power benefits·
it created large increases in constructio~ costs. Dam embankment .
quantities increased significantly in the main dam alone. Also, the
added 50 feet requires a major saddle dam and its associated seepage control
measures in the are of the saddle spillway. Therefore, with large con
struction costs offsetting minor benefits gained this height Watana Dam
(2250 feet) was no fu rther cons i dered.
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ALTERNATIVE SYSTEMS STUDIED

PROJECTS USED IN SYSTEMS STUDIED

Three other projects that were considered in the a'l ternative systems
being studied were Vee, Denali, and High D.C. Dams. Summary costesti
mates are included for Vee (at two heights), Denali, and High D.C.
(Susitna I) Dams on Table B-7.

DIFFERENT SYSTEMS CONSIDERED

This section discusses total project costs for single-dam, two-dam,
three-dam, and four-dam systems that were considered and later compared
with their respective benefits in the power studies and economics section
of this report.

Single-Dam Concept: The five dams considered as single projects are
listed below, with their total project costs in millions of dollars.

Project (Normal Full Pool Elevation)

1. Devil Canyon (1450)
2. High D.C. (1750)
3. Low Watana (1905)
4. Mid-Watana (2050)
5. High Watana (2200)

Cost-
714.0

1,266.0
688.0
877 .0

1,088.0

Two-Dam Systems: The four combinations studied as two-dam systems are
tabulated below, with their total system costs in millions of dollars.

System Cost

1. Devil Canyon (l450}-Denal i (2535) 1,054.0
2. Devil Canyon (1450}-Low Watana (1905) 1.100.0

iiI 3. Devil Canyon (1450}-Mid-Watana (2050) 1,309.0
,. 4. Devil Canyon (1450}-High Watana (2200) 1,520.0

Three-Dam Systems: The five combinations used as three-dam systems are
listed below, with their total system costs in millions of dollars.

System•

1. Devil Canyon (1450}-Low Watana (1905}-Denali (2535)
2. Devil Canyon (1450}-Mid-Watana (2050}-Denali (2535)
3. Devil Canyon (1450}-High Watana (2200}-Denali (2535)
4. Devil Canyon. (1450}-Low Watana (1905}-Vee (2300)
5. Devil Canyon (1450}-LowWatana (1905}-Vee (2350)

276

Cost

1,440.0
1,649.0'
1,860.0
1,577.0
1,627.0
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Four-Dam Systems: The three combinations studied as four-dam systems
are tabulated below, with their respective total system costs in millions
of dollars.

System

1. D.C. (1450)-Low Watana (1905)-Vee (2300)-Dena1i (2535)
2. D.C. (1450)-Low Watana (1905)-Vee (2350)-Dena1i (2535)
3. High D.C. (1750)-01son (1020)-Vee (2300)-Dena1i (2535)
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CONSTRUCTION SCHEDULE

CONSTRUCTION SEASON

The outdoor construction season at Devil Canyon and Watana damsi tes
is about six months and could be extended by careful scheduling, planning,
and the use of temporary, heated enclosures where construction situa
tionswould permit. Reservoir clearing operations would be conducted
during the winter. Underground work would proceed on a year round
basis.

PRECONSTRUCTION PLANNING FOR THE SELECTED PLAN

A period of about four years would be required for preconstruction
planning for the selected plan. The work scheduled in this period
includes an economic reanalysis, detailed. environmental surveys, mapping,
explorations and foundation investigations, a pioneer road to the Watana
damsite, and acquisition of hydraulic data for the Devil Canyon and
Wa tana projects.

CONSTRUCTION SCHEDULE FOR THE SELECTED PLAN

General: The construction period for the selected plan is 10 years, 6
years for Watana Dam and powerplant, and 5 years for Devil Canyon Dam
and powerplant. Construction period for transmission facilities is 3
years. Over lapping construction will be required to complete the
selected plan and to meet power-on-line schedules. The following para
graphs describe the sequence of construction for the selected plan's
projects. A graphical schedule is shown on Graph B-3.

Access Roads: The completion of the access road to Highway No.3 and
the upgrading of the pioneer. road to the Watana damsite is to be con
structed during the first two plus years to allow heavy construction
equipment into the project area. This ro~d also provides access to the
Devil Canyon damsite.

Diversion Plans: Construction of the diversion works for Watana is to
start in the winter of the first year and the winter season of the fifth
year for Devil Canyon Dam. The diversion works for each project is to
be completed in two years.

Main Dams: Site clearing and foundation preparation starts in the third
year with material placement scheduled from the fourth into the sixth
year of construction for Watana Dam. The diversion tunnel is to be
closed in June of the sixth year, and Watana reservoir filled to its
normal full pool elevation by October to supply power-on-line the
beginning of the seventh year.
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Clearing and foundation preparation for Devil Canyon Dam is to
start in the seventh year with material placement beginning in the
eighth year and continuing into the tenth year of construction. The
diversion tunnel is to be closed in June of the tenth year and Devil
Canyon reservoir is to fill by October of the tenth year.

Powerhouses: Construction of underground powerhouses is concurrent with
the main dams of both projects, and excavation and installation of
mechanical and electrical equipment continues year round. Three generating
units are to be installed in the Watana powerplant and four generating
units in the Devil Canyon powerplant. Power-on-line (POL) for Watana is
scheduled for 1986 and Devil Canyon POL is 1990.
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COST ESTIMATES

The project costs are sunmarized in Tables B-1 through B-4 and in

Table B-7 for eight individual major projects studied in this interim

feasibility report. Table B-5 is the detailed cost estimate for Watana

Dam, reservoir, and powerplant. Table B-6 is the detailed cost estimate

for Devil CanyonDam, reservoir, and powerplant. All estimates are

based on January 1975 price levels. The contingency used for all proj

ectslstudied was 20 percent. The costs for engineering and design and

supervision and administration are consistent with the Chief of Engineers'

(OCE) curves, published in EC 1110-2-144. The primary cost data were

obtained from bid prices on recent major power projects in the Pacific

northwest and adjusted to reflect current price levels, Alaska labor

costs, and transportation costs for material and equipment to the sites.

The estimates for transmission facilities were prepared by Alaska Power

Administration (APA) and are discussed in Section H of this appendix.

The total estimated construction cost for the selected plan is
$1 ,520,000,000.
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SUMMARY COST ESTIMATE
JANUARY 1975 PRICE LEVEL

WATANA DAM AND RESERVOIR
2200 FEET NORMAL POOL ELEVATION

(FIRST-ADDED)

FEATURE
ACCOUNT COST
NO. ITEM ($1,000)

01 LANDS AND DAMAGES 16,392
03 RESERVOIR 9,180
04 DAMS 479,775

Main Dam 194,172
Spillway 57,665
Outl et Works 44,544
Power Intake 123,298
Construction Facilities 60,096

07 POWERPLANT 439,238
Powerhouse 67,229
Turbines and Generators 50,649
Accessory Electrical and

Powerplant Equipment 11 ,121
Ta i 1race 47,287
Switchyard 15,717 .~_.;.

Transmission Facilities 219,600
Construction Facilities 27,635 ' .. -...,'

08 ROADS AND BRIDGES 48,875
14 RECREATIONAL FACILITIES 39
19 BUILDINGS, GROUNDS, AND UTILITIES 3,565
20 PERMANENT OPERATING EQUIPMENT . 1;800
30 ENGINEERING AND DESIGN 39,638
31 SUPERVISION AND ADMINISTRATION 49,498

TOTAL PROJECT COST 1,088,000
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SUMMARY COST ESTIMATE
JANUARY 1975 PRICE LEVEL

DEVIL CANYON DAM AND RESERVOIR
1450 FEET NORMAL POOL ELEVATION

(SECOND-ADDED)

FEATURE
ACCOUNT COST
NO. ITEM i$l,OOO)

01 LANDS 1,444
03 RESERVOIRS 3,456
04 DAMS 219,543

Main Dam 140,971
Spillway 19,792
Power Intakes 42,136
Auxi 1iary Dam 3,897
Construction Facilities ·12,747

07 POWERPLANT 147,977
Powerhouse 42,702
Turbines and Generators 57,808
Accessory El ectrical and

Powerplant Equipment 10,475
Ta il race 13,921
Switchyard 19,518
Construction Facilities 3,553

08 ROADS AND BRIDGES 8,528
14 RECREATIONAL FACILITIES 512
19 BUILDINGS, GROUNDS, AND UTILITIES 2,519
20 PER~1ANENT OPERATING EQUIPMENT 1,800
30 ENGINEERING AND DESIGN 26,962
31 SUPERVISION AND ADMINISTRATION 19,259

TOTAL PROJECT COST 432,000
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1
SUMMARY COST ESTIMATE

JANUARY 1975 PRICE LEVEL

DEVIL CANYON -DA~1 AND RESERVOIR
1450 FEET NORMAL POOL ELEVATION

(FIRST-ADDED)

FEATURE
ACCOUNT COST
NO. ITEM 1$1,000)

01 LANDS 1,444
03 RESERVOIRS 3,456
04 DAMS 236,728 .

Main Dam 140,971
Spillway 19,792
Power Intakes 42,136
Auxi 1iary Dam 3,897
Construction Facilities 29,932

07 POWERPLANT 359,700
Powerhouse 42,702
Turbines and Generators 57,808
Accessory Electrical and

Powerplant Equipment 10,475
Tailrace 13,921
Switchyard 19,518
Transmission Facilities 206,933
Construction Faci 1i ti es 8,343

08 ROADS AND BRIDGES 31,266
14 RECREATIONAL FACILITIES 512
19 BUILDINGS, GROUNDS, AND UTILITIES 2,519
20 PERMANENT OPERATING EQUIPMENT 1,800
30 ENGINEERING AND DESIGN 44,648
31 SUPERVISION AND ADMINISTRATION 31,927

TOTAL PROJECT COST 714,000
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DETAILED COST ESTIMATE

WATANA DAM AND RESERVOIR ELEVATION 2200

JANUARY 1975 PRICE LEVEL

(FIRST-ADDED)

Cost
Account Unit Total
Number Description or Item Unit Quant Cost Cost

($) ($1,000)

01 LANDS AND DAMAGES
Reservoir

Public domain AC 18,600 323.00 (6,008)
Private land AC 30,000 317.00 9,510

Site and other AC 1,080 500.00 540
Access road AC 780 615.00 480
Transmission facilities
Public domain AC 4,400 300.00 (1,320)
Private land AC 3,795 620.00 2,352

Recreation AC 90 500.00 45

Subtotal 20,255
Contingencies 20% 4,051
Government administrative costs 880

.... ,'
TOTAL LANDS AND DAMAGES (25,186)

Construction cost 16,392
Economic cost (8,794)

03 RESERVOIR
Clearing AC 5,100 1,500.00 7,650

Contingencies 20% ~ 1,530

TOTAL, RESERVOIR 9,180

04 DAMS
04.1 MAIN DAM

Mobilization and
preparatory work LS 23,000

Clearing AC 860 1,500.00 1,290
Foundation preparation SY 105,000 10.00 1,050
Excavation
Foundation CY 1,800,000 3.50 6,300
Borrow and quarry areas LS 3,000

Embankment
Gravel fill CY 39,200,000 1.65 64,680
Sand filter CY 1,100,000 8.00 8,800
Second filter CY 1,000,000 4.00 4,000
Impervious core CY 9,250,000 3.75 34,688
Riprap CY 280,000 10.00 2,800

Select drain CY 1,800,000 4.00 7,200
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TABLE B-5 --DETAILED COST ESTI~1ATE--Continued

WATANA DAM AND RESERVOIR

Cost
Account
Number

04
04.1

Description or Item

DAMS
~IN DAM (Cont'd)
Drilling and grouting
Drainage system
Right abutment seepage

control

Subtotal
Contingencies 20%

TOTAL, ~IN DAM

Unit

LF
LS

LS

Quant

145,000

Unit
Cost
($)

18.75

Total
Cost
($1,000)

2,719
283

2,000

161,810
32,362

194,172

04.2

04.3

SPILLWAY
Clearing and stripping
Foundation preparation
Excavation
Concrete
Mass
Structural
Cement
Reinforcing steel
Anchor bars

Drilling and grouting
Drainage system
Tainter gates (3),

complete
Stoplogs (1 set)
Electrical and
mechanical work

Subtotal
Contingencies 20%

TOTAL, SPILLWAY

OUTLET WORKS
Intake structure
Excavation rock
Foundation preparation
Concrete

Mass
Structural
Cement
Reinforcing steel

AC 150
CY8,500
CY 10,530,000

CY 97,000
CY 15,100
Cwt 240,000
Lbs 1,510, 000
Lbs 37,000
LF 6,200
LS

LS
LS

LS

CY 41,000
SY 8,000

CY 20,400
CY 18,500
Cwt 82,000
Lbs 3,055,000

286

1,500.00
16.00

3.00

50.00
325.00

4.00
.60

1. 25
21.50

15.00
10.00

50.00
325.00

4.00
.60

225
136

31,590

4,850
4,908

960
906

46
133
250

3,250
300

500

48,054
9,611

57,665

615
80

1,020
6,013

328
1,833
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TABLE B-5 --DETAILED COST ESTll1ATE--Continued

WATANA DAM AND RESERVOIR

Cost
Account
Number

07
07·2

Description or Item

POWERPLANT (Cont' d)
TURBINES AND GENERATORS

Turbines
Governors
Generators

Subtotal
Contingencies 20%

Unit

LS
LS
LS

Quant
Unit
Cost
($)

Total
Cost
($1,000)

20,608
765

20,834

42,207
8,442

TOTAL, TURBINES AND GENERATORS

07.3 ACCESSORY ELECTRICAL EQUIPMENT
Accessory Electrical

Equipment LS
Contingencies 20%

TOTAL, ACCESSORY ELECTRICAL EQUIPMENT

07.4 MISCELLANEOUS POl.JERPLANTEQl,JIPMENT
Miscellaneous Pcwerp1ant
EquipmentLS·

Contingencies

TOTAL, HISCELLANEOUS POWERPIANT. EqUIPHENT

50,649

4,065
813

4,878

....,,'

5,202
",,~,I'

, •.~ 11

1,041

6,243

Q7.5 TAILRACE
Excavation, tailrace
tunnel CY 223,000 125.00 27,875

Concrete, tailrace tunnel
lining CY 21,000 300.00 6,300

Cement Cwt 104,000 4.00 416
Reinforcing steel Lbs ·5,202,000 .60 3,122
Rock bolts FA 3,400 170.00 578
Steel sets Lbs 1,115,000 1. 00 1,115

Subtotal 39,406
Contingencies 20% 7,181

TOTAL, TAILRACE 47,287

07.6 SWITCHYARD
Transformers LS 5,826
Insulated cables LS 1,030
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TABLE B-5 --DETAILED COST ESTIHATE--Continued

WATANA DAM AND RESERVOIR

Cost
Account
Number Description or Item Unit Quant

Unit
Cost
($)

Total
Cost
($1,000)

07
07.6

POWERPLANT
SWITCIITARD (Cont'd)

Switchyard LS 6,241

Subtotal
Contingencies 20%

13,097
2,620

TOTAL, SWITCIITARD 15,717

07.8 TRANSMISSION FACILITIES
Transmission Facilities

Contingencies 20%
LS 183,000

36,600

TOTAL, TRANSIUSSION FACILITIES 219,600

TOTAL, POWERPLANT 411,603

195
360,000

1,244,000
3,800

304,000

293
2,232
2,488

114
3,648
3,700
1,585

5,096
1,515

80

203
1,302
1,770

81
2,592

10,000
3,000

1,500.00
6.20
2.00

30.00
12.00

1,500.00
6.20
2.00

30.00
12.00

1

1
1
1

135
210,000
885,000

2,700
216,000

1
1

LS
LS
LS

AC
CY
CY
Cy
CY
LS
LS

27 miles
Canyon)

AC
CY
Cy
Cy
CY
LS
LS
miles

ROADS AND BRIDGES
Permanent Access Road 
(Highway No. 3 to Devil
Clearing
Excavation
Emb ankment
Rip rap
Road surfacing (crushed)
Bridges
Culverts and guardrail

Permanent Access Road - 37
(Devil Canyon to Watana)
Clearing
Excavation
Embankment
Rip rap
Road surfacing (crushed)
Bridges
Culverts and guardrail

Permanent on-site roads
Power plant access

tunnel
Power plant access road
Darn crest road

08

290



TABLE B-5 --DETAILED COST ESTII1ATE-~Continued

WATANA DAM AND RESERVOIR

Cost
Account Unit Total
Number Description or Item Unit Quant Cost Cost

($) ($1,000)

08 ROADS AND BRIDGES (Cont'd)
Spillway access road LS 1 380
Switch yard access road LS 1 200
Road to operating
facility LS 1 200

Power intake structure
access road LS 1 250

Subtotal 40,729
Contingencies 20% 8,146

TOTAL, ROADS AND BRIDGES 48,875

14 RECREATION FACILITIES
Site D

Camp units (tent camp) EA 10 1,800.00 18
Vault toilets EA '2 2,000.00 4

-,

Subtotal 22
"";'

Contingencies 15% 3
Total Site D 25 ,..~."

~'~ 'I

Site E
Trail system MI 12 1,000.00 12

Contingencies 15% 2
Total Site E 14

TOTAL, RECREATION FACILITIES 39

19 BUILDINGS, GROUNDS, AND UTILITIES
Living quarters and

O&M facilities LS 1,631
Visitor facilities
Visitor building LS 100
Parking area SF 12,000 3.00 36
Boat ramp LS 200
Vault toilets EA 2 2,000.00 4
Runway facility LS 1 1,000

Subtotal 2,971
Contingencies 20% 594

TOTAL, BUILDINGS, GROUNDS, AND UTILITIES 3,565
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TABLE B-5 -~DETAILED COST ESTIMATE--Continued

WATANA DM1 AND RESERVOIR

Cost
Account
Number Description or Item Unit Quant

Unit
Cost
($)

Total
Cost
($1,000)

20 PERMANENT OPERATING EQUIPMENT
Operating Equipment

and Facilities LS
Contingencies 20%

TOTAL, PER11ANENT OPERATING EQUIPMENT

1 1,500
300

1,800

50 CONSTRUCTION FACILITIES
Diversion tunnels

Excavation CY 281,000 115.00 32,315
Concrete Cy 48,750 275.00 13,407
Cement Cwt 244, 000 4~00 976
Restee1 Lbs 11,544,000 .60 6,927
Steel sets and lagging Lbs 1,404,000 1.00 1,404
Rock bolts EA. 7,800 170.00 1,326

Diversion outlet works
Excavation CY 14,000 15.00 210
Concrete CY 7,500 325.00 2,438
Cement Cwt 30,000 4.00 120
Restee1 Lbs 1,500,000 .60 900
Anchors LS 1 500

Diversion inlet works
Excavation CY 43,000 15.00 645
Concrete CY 16,500 325. 00 5,363
Cement Cwt 58,000 if. 00 232
Restee1 Lbs 2,475,000 .60 1,485
Gate frames and gates LS 1 861

Diversion tunnel plug LS 1 3,000
Care of water LS 1 1,000

Subtotal 73,109
Contingencies 20% 14,622

TOTAL, CONSTRUCTION FACILITIES 87,731

TOTAL CONSTRUCTION COST 998,864

30 ENGINEERING AND DESIGN 39,638

31 SUPERVISION A1~ ADMINISTRATION 49,498

TOTAL PROJECT· COST 1,088,000
WATANA DAM AND RESERVOIR
ELEVATION 2200
(First-Added)
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DETAILED COST ESTll1ATE

DEVIL CANYON DAM AND RESERVOIR, ELEVATION 1450

JANUARY 1975 PRICE LEVEL

(SECOND-ADDED)

Cost
Account Unit Total
Number Description or Item Unit Quant Cost Cost

($) ($1,000)

01 LANDS AND D~1AGES

Reservoir
Public domain AC 8,350 300.00 (2,505)
Private land AC 850 300.00 255

Site and other AC 250 600.00 150
Recreation AC 740 600.00 440

Sub-total 3,350
Contingencies 20% 670
Government administrative cost 430

TOTAL, LANDS AND D~1AGES (4,450)
Construction cost 1,444

!l. Economic cost (3,006)
"

03 RESERVOIR ,... , .

Clearing AC 1,920 1,500.00 2,880 .wi:

Contingencies 20% 576- '"lll

TOTAL, RESERVOIR 3,456

04 DAMS
04.1 MAIN DAM

Mobilization and
preparatory work LS 24,300

Prevention of water
pollution LS 500

Scaling of canyon walls CY 21,000 75.00 1,575
Excavation
Exploratory tunnels

:'c-
CY 3,500 190.00 665

Dam CY 327,000 15.00 4,905
Foundation treatment CY 3,000 60.00 180

Drilling line holes for
rock excavation LF 34,000 4.60 156

Drilling and grouting LF 64,000 22.00 1,408
Drainage holes LF 29,570 15.30 452
Concrete

Dam CY 994,000 50.00 49,700
Thrus t b10ck CY 25,600 60.00 1,536
Foundation treatment CY 3,000 125.00 375
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TABLE B-6 --DETAILED COST ESTIMATE--Continued

DEVIL CANYON DAM AND RESERVOIR

Cost
Account Unit Total
Number Description or Item Unit Quant Cost Cost

($) ($1,000)

04 DAMS
04.2 SPILLWAY (Cont'd)

Reinforcing steel Lbs 1,191,000 .60 715
Tainter gates and
hoists, complete EA 2 2,000,000.00 4,000

Stoplogs, complete Set 1 500
Miscellaneous
Electrical and
mechanical work LS 500

Subtotal 16,493
Contingencies 20% 3,299

TOTAL, SPILLWAY 19,792

04.4 POWER INTAKE WORKS
Excavation

Open cut CY 7,200 15.00 108 "

Tunnels CY 34,400 125.00 4,300 ,.:1

Concrete "';'

Mass CY 7,300
I

55:001
, 402

Structural and backfill CY 10,430 '325:0g.\/ 3,390 l·~ JI

Cement Cwt 74,600 '-<~ao 296
Reinforcing steel Lbs 1,070,000 .60 642

Penstocks Lbs 8,175,000 2.00 16,350
Bonnetted gates and
controls EA 5 1,375,000.00 6,875

Stoplogs, complete LS 914
Trashracks Lbs 1,224,000 1.50 1,836

Subtotal 35,113
Contingencies 20% 7,023

TOTAL, POWER INTAKE WORKS 42,136

04.5 AUXILIARY DAM (EARTH FILL)
Excavation

Dam foundation CY 110,000 3.50 385
Foundation preparation LS 1 40

Dam embankment CY 760,000 2.25 1,710
Drilling and grouting LF 8,800 46.60 410
Concrete CY 5,400 120.00 648
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TABLE B-6 --DETAILED COST ESTIMATE--Continued

DEVIL CANYON DAM AND RESERVOIR

Cost
Account
Number Description or Item Unit, Quant

Unit
Cost
($)

Total
Cost
($1,000)

04
04.5

DAMS
AUXILIARY DAM (EARTH FILL) Cont'd)

Cement Cwt 13,500

Subtotal
Contingencies 20%

TOTAL, AUXILIARY DAM

TOTAL, DAMS

4.00, 54

3,247
650

3,897

206,796

07
07.1

07.2

POWERPLANT
POWERHOUSE
Mobilization and
preparatory work

Excavation, rock'
Concre_te
Cement
Reinforcing steel
Architectural features
Elevator
Mechanical and
electrical work

Structural steel
Miscellaneous metalwork

Subtotal
Contingencies 20%

TOTAL, POWERHOUSE

TURBINES AND GENERATORS
Turbines
Governors
Generators

Subtotal
Contingencies 20%

LS
CY
CY
Cwt'l,

Lb's
LS
LS

LS
Lbs
Lbs

LS
LS
LS

1
120,000

./

20,000 ...-
100,000

4,600,000

1,200,000
150,000

110.00"
325.00
~4.69

.60

1.50
3.00

5,000
13,200

6,500
400

2,760
1,000

75

4,400
1,800

450

35,585
7,117

42,702

22,575
2,546

23,052

48,173
9,635

TOTAL, 'TURBINES AND GENERATORS
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TABLE B-6 --DETAILED COST ESTIMATE--Continued

DEVIL CANYON DAM AND RESERVOIR

Cost
Account Unit Total
Number Description or Item Unit Quant Cost Cost

($) ($1,000)

07 POWERPLANT
07.3 ACCESSORY ELECTRICAL EQUIPMENT

Accessory Electrical
Equipment LS 6,600

Contingencies 20% 1,320

TOTAL, ACCESSORY ELECTRICAL EQUIPMENT 7,920

07.4 MISCELLANEOUS POWERP~NT EQUIPMENT
Miscellaneous Powerp1ant

Equipment LS 2,129
Contingencies 20% 426

TOTAL, MISCELLANEOUS P0w:J!:RPALNT EQUIPMENT 2,555

07.5 TAILRACE
Excavation tunnel CY 37,000 125.00 4,625
Concrete CY 13,800 300.00 4,140
Cement Cwt 69,000 4.00 276
Restee1 Lbs 3,163,000

..
.60 1,898

Draft tube bulkhead w·H

gates LS 1 378
Draft tube stop1ogs LS 1 284

Subtotal 11 ,601
Contingencies 20% 2,320

TOTAL, TAILRACE 13 ,921

07.6 SWITCHYARD
Transformers LS 5,967
Insulated cables LS 1,372
Switchyard LS 8,926

Subtotal 16,265
Contingencies 20% 3,253

TOTAL, SWITCHYARD 19,518
TOTAL, POWERPLANT 144,424

08 ROADS AND BRIDGES
On-site road

Clearing and earthwork Mile 2.3 200,000.00 460
Paving Mile 2.3 72 ,000 .00 166

.297
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TABLE B-6 -~DETAILED COST ESTIMATE--Continued

DEVIL CANYON DAM AND RESERVOIR

Cost
Account Unit Tot~l

~umber Description or Item Unit Quant Cost Cost
($) ($1~000)

08 ROADS AND BRIDGES (Cont'd)
Culverts LF 850 39.00 33
Tunnel U: 2,100 2,975.00 6,248
Road to operating
facility Hile 2 100,000.00 200

Subtotal 7,107
Contingencies 20% 1,421

TOTAL, ROADS AND BRIDGES
)

8,528

14 RECREATION FACILITIES
Site A

(Boat access only)
Boat dock EA 1 25,000.00 25
Camping units EA 10 1,800.00 18
Two-vault toilets EA 2 2,000.00 4

Subtotal 47
Contingencies 15% 7
Total Site A 54

Site B
Access road Mile 0.5 100,000.00 50
Overnight camps EA 50 2,500.00 125
Comfort stations EA 2 35,000.00 70
Power LS 25,000.00 25
Sewerage LS 50,000.00 50

. Subtotal 320
Contingencies 15% 48
Total Site B 368

Site C
Trailhead picnic area
access road Mile 0.2 100,000.00 20

Picnic units w/parking EA 12 2,000.00 24
Trail system Mile 30 1,000.00 30
Two-vault toilets EA 2 2,000.00 4

Subtotal 78
Contingencies 15% 12
Total Site C 90

TOTAL, RECREATION FACILITIES 512
298





TABLEB-6 -~DETAILEDCOST ESTLMATE-~Continued

. DEVIL CANYON DAM AND RESERVOIR

Cost
Account
Number

50

Description or Item

CONSTRUCTION FACILITIES
Restee1
Anchors

Care of water

Subtotal
Contingencies 20%

Unit

(Cant'd)
Lbs
LS
LS

Quant

750,000
1
1

Unit
Cost
($)

.60

Total
Cost
($1,000)

450
250

1,000

13,583
2,717

30

31

TOTAL, CONSTRUCTION FACILITIES

TOTAL, CONSTRUCTION COST

ENGINEERING AND DESIGN

SUPERVISION AND ADMINISTRATION

TOTAL PROJECT COST
DEVIL CANYON DAM AND RESERVOIR

. ELEVATION 1450
(SECOND-ADDED)

300

I

, 16,300

385,779

26,962

19,259

432,000



SUMMARY COST ESTIMATES--OTHER PROJECTS STUDIED
JANUARY 1975 PRICE LEVEL

(Costs in $1,(00)

PROJECT , DENALI VEE VEE; HIGH D.C. WATANA WATANA. WATANA WATANA
FULL POOL ELEV. (Ft., m.'s.1.) 2535 2300 2350 1750 1905 1905 2050 2050
CONST. SEQUENCE (Added) . (Second) (Second) (Second) (First) (First) (Second) (First) (Second)

. it
ACCOUNT 'PROJECT
NO. FEATURE

01 J LANDS AND DAMAGES 7,000 2,550 3,495 8,400 4,381 4,381 12,050 12,050
02 I', RELOCATIONS 13,000 ;.

Co) 03 RESERVOIR 4,800 3,165 5,160 7,650 5,100 5,100 . 7,920 7,920
0 04 DAM 237,017 203,170 225,500 574,900 165,058 165,058 287,229 287,229

07 POWERPLANT 143,188 159,~00 450.,478 313,076 106,143 360,721 .153,788
08 ROADS AND BRIDGES 1,500 19,968 20,:748 34,511 47,587 24,849 48,231 25,493
14 RECREATIONAL FACILITIES~ 39 39 : 39 512 39 39 39 39
19 BUILDINGS, GROUNDS, AND UTILITIES 3,565 3,565 3~565 3,565 3,565 3,565 3,565 3,565
20 PERMANENT OPERATING EQUIPMENT 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800

30-31 ENGINEERING AND DESIGN - ,
SUPERVISION AND ADMINISTRATION 36,279 . 48,855 53,093 104,184 62,638 44,309 79,419 60,090

50 CONSTRUCTION FACILITIES 35,000 50,100 54tOOO 80,000 64,756 64,756 76,026 76,026

TOTAL PROJECT COST 340,000 477 ,000 527;000 1,266,000 668,000 420,000 877,000 628,000

;f .,
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PLATE Il-!
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POWER STUDIES AND ECONOMICS .

PURPOSE AND SCOPE

This section serves as the basis for determining optimum power
development for the Anchorage and Fairbanks population centers con
sistent with State and National objectives for fossil fuel conservation,
National energy independence, and minimum environmental impact. The
development of Alaskan natural resources coupled with high population
growth rates have provided a State energy demand that is being met
almost exclusively with fossil fuel. The depletion rate of useable
petrochemicals and the subsequent rise in fuel costs have resulted in
the increased economic attractiveness of alternative electrical power
generation resources which could supplement or replace conventional
fuel-fired generation plants.

The available alternatives can be broken down into three broad
classes: .. those which cali be implemented by altering existing consump
tion trends, specifically, conservation and controlled growth measures;
those which entail developing fuel sources not in danger of immediate
depletion; and those alternatives which entail the utilization of renew
able resources. In addition to selecting the most economical and 10ng
lasting power alternative," much consideration is. given to developing the
plan which will result in minimal environmental degradation. Therefore,
this section will eva1uat~ a broad range of energy .resources, and through
a screening process, select a plan which is not only economically attrac
tive, but that which provides the least environmental impact in consonance
with the objective of electrical power development. The overall purposes
would be to develop power generating resources to maintain the Alaskan
standard of 1iving and to conserve fossil fuels for higher priority
usage.

The section also discusses the economic climate of the Rai1be1t
service area, past and estimated future power requirements, power values,
and costs of comparably financed alternatives. Power benefits, project
costs, benefit-to-cost ratios, and net benefits, based on January 1975
price levels, have been developed for practical alternatives. Environ
mental concerns are discussed in detail in the Environmental Assessment,
Section E of this appendix. However, portions have been included here
to help weigh the impact of various alternatives •. Much of this section
deals specifically with hydroelectric development of the Upper Susitna
River Basin, as that plan for development appears to provide the most
attractive solution to electrical power generation.
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PREVIOUS STUDIES

A Reconnaissance Report on the Potential Development of Water
Resources in the Territory of Alaska was published by the Bureau of
Reclamation in December 1948. This report presented existing and
projected Alaskan growth and identified a nu~ber of potential hydro
electric sites throughout the State. Contained in the report were 72
potential sites, of which 6 are located in the Susitna River basin.

Cook Inlet and Tributaries was published by the Corps of Engineers
in 1950. The Chief of Engineers 'report revealed the possibil ity of a
three-dam development of the Upper Susitna River Basin from which an
estimated 5.7 billion kilowatt-hours firm annual energy could be pro
duced. The proposed damsi tes .are in· the 1ocati ons simi 1ar·· to those
studied in this report.

A Reeort on Potential Development of Water Resources in the Susitna
River Bas1n of Alaska was published by the Bureau of Reclamation in June
1953. Within this report, the development of the total Susitna River
basin entailed 12 damsites, 4 of which are in the Upper Susitna River
Basin at the sites which are currently known as Devil Canyon, Watana,
Vee, and Denal i. The total installed capacity for the 12-dam system was
estimated to be 1,249 megawatts.

Devil Canyon Project, Alask~, was pUblished by the Bureau of Recla
. mation in March 1961. In this report, it was proposed that the Upper
. Susitna River Basin be developed by a four-dam system, with a first
stage development of Devil Canyon Dam, powerplant, reservoir, and trans
mission system, and a dam and storage reservoir at Denali. Based on the
hydrologic data available at the time of the report, the estimated
energy potential of the system and first-stage development was 7.0 and
2.9 billion kilowatt-hours, respectively.

Interim Report on Vee ProJect, Alaska, published in 1964, suggested
that the Vee Dam be constructed as the second-stage development within
the Upper Susitna River Basin, and that this dam be followed by the
Watana Dam. This would give full-basin development with the normal
maximum pool of each reservoir extending to the tailwater elevation of
the next upstream power dam.

Devil Canyon Status Report was published in May 1974 by the Alaska
Power Administration. This report updated the 1961 USBR report and
included modifications to the Devil Canyon Dam and powerplant and the
Denali Dam.

Reassessment Report on UpperSusitna River Hydroelectric Development
for the State of Alaska was published in September 1974 by the Henry J.
Kaiser Company, which was considering the development of a major energy
intensive industry within the Railbelt area, contingent upon the availa
bility of large quantities of inexpensive energy. To meet this demand,
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Kaiser suggested a first-stage upper Susitna River development consisting
of a single high dam five miles upstream from the USBR Devil Canyon
damsite; and subsequent development to include power projects both up
and downstream from the high dam. Although the high dam could produce
3.7 billion kilowatt-hours of average annual energy, Kaiser determined
that the projected energy demand of the Railbelt area would soon absorb
the initial hydro stage and would not leave sufficient surplus low cost
energy for further consideration of the aluminum plant development.

STUDY AREA

The area that would benefit from-the energy. of the proposed develop
ment plan has been termed the "Railbelt" community, which, for the
purpose of load growth, consists of portions of the southcentral and
Yukon regions of Alaska. The main communities served would be those
contiguous to the Alaska Railroad route connecting the Anchorage-Cook
Inlet areas with the interior Fairbanks area; and, if a feasible trans
mission and marketing plan could be developed, service could be extended
to communities along the. pipeline route from Fairbanks to Valdez. The
loop could be completed by a connecting line between Glennallen and
Palmer•. In 1972. the Railbelt utility loads totaled 80 percent of the
statewide requirements for the year and 96 percent of the southcentral
and Yukon demand.

COORDINATION WITH OTHER STATE AND FEDERAL AGENCIES

The power and economic studies of the Susitna project have been
coordinated with the Federal Power Commission (FPC) and the Alaska Power
Administration (APA) of the Department of Interior~ An appraisal of
power requirements for the State of Alaska, with projections to the year
2000, was published in the May 1974 report of the joint State-Federal
Alaska Power Survey Technical Advisory Committee on Economic Analysis
and Load Projections. The projected power demand contained in this
report was used by FPC in the development of the power values and compar
ably financed alternative costs for the economic evaluation of the
project. An evaluation of power marketability within the study area was
provided by the APA. This information was used--for powerplant sizing
and stage development of the basin to meet projected demands. Also
furnished by the APA were the design, associated cost, and tentative
route of the transmi$sion system that would link the project to the
Railbelt load centers. Information obtained from the Federal Power
Commission is presented in Appendix II. The APA reports on marketa
bility of project power and the transmission system to serve the project
are presented as Sections G and H of this appendix.

FORMULATION AND EVALUATION CRITERIA .

National Economic Development (NED) and preservation and enhance
ment of Environmental Quality (EQ) were considered as equal objectives
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durin9,thefo.rmu19tion:studies. Impacts were meas~red in ter~s ofco'ntributions; to' Regional Development (RD) and Soclal Well-Belng (SWB).as well as National Economic Development and Environmental Quality. Inaccordance with Principles and Standards. the development of the EQ planwas implemented after it was determined that an alternative power sourcewas economically justified. The contributions to the NED and EQ accountsrepresent the overall beneficial and. adverse impacts of the proposedaction. and the net gains of the RD account are measured by the effecton regional income. employment. population. economic base. environment.and social development. Impact on the SWB account is measured by theregional effect on real income. security of life. health. and safety.education. cultural and recreational opportunities. and emergency preparedness.

Technical Criteria: The general guidel ines which were followed duringplan formulation entail three basic criteria: (1) That the growth inelectrical power demand will be as projected by the Alaska Power Administration; (2) That the power generation development from any source orsources will sati sfy projected needs; and (3) That a plan considered fordevelopment must be technically feasible. The APAload projections arebased on a number of factors. one of which is population growth. Intheir analysis. APA utilized a number of population projections ratherthan adopting the Office of Business/Economic Research Science (OBERS)estimates per see This was done because the OBERS projections to thistime have proven unrepresentative of observed Alaskan growth. A moredetailed discussion of the energy projections is presented in Section Gof thi~ appendix.

By assuming that power development would proceed to meet demandrather than exceed demand. the proposed system of development wouldrequire stage development to insure that excessive energy productionwould not stimulate the energy demand. In short. development was stagedto meet the demand that could have been expected had conventional energydevelopment proceeded under existing rates of growth.

Inherent in the NED objective is the criterion that the alternativesconsidered be technically feasible· under existing engineering capabilities.This criterion is of particular importance when considering such alternatives as geothermal. hydro. solar. and wind power resources. If thetechnical capabilities of the alternatives considered are not presentlyadequate to complement or enhance the existing integrated energy systemof the study area. little value was given to the potential of the resourceto meet loads in the period of this analysis (1985-1995) .. Analysis inthis manner assured economic feasibility consistent with known technology.
National Economic Development Criteria: The economic criterion used inevaluating technically feasible alternative plans is similar to thatused inmost feasibility reports submitted for Congressional review.
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Tangible benefits must exceed total project economic costs, and each
separable unit of work or purpose must provide benefits at least equal
to its cost. Therefore, because the selected plan could provide inci
dental benefits in addition to those associated with electrical power
generation, the cost of each benefit is allocated in proportion to
individual benefits applied against the portion of the total cost which
is shared by all benefit categories.

In analyzing the benefits and costs, it is imperative that the two
values be expressed in comparable quantitative economic terms. The
annual costs are based on a lOO-year amortization period, an interest
rate of 6-1/8 percent, and January 1975 price levels. The annual charges
include the amortized construction and interest costs, and the estimated
average annual operations, maintenance and replacement costs. Benefits
are based on the present worth of the amortized revenue that would
accrue over the IOO-year economic life of the project. Power benefits
represent the cost of providing the same energy by conventional thermal
electric generation. The cost of alternative thermal generation is
determined by the Federal Power Commission.

Finally, the scope of the plan is determined by the system of
development which is technically feasible and which gives maximum net
benefits.

Environmental Quality Criteria: The following criteria were considered
in formulating the Environmental Quality Plan.

a. Conservation of esthetics, natural values, and other desirable
environmental effects or features are considered to be basic EQ plan
objectives.

b. A systematic approach was used to insure integration of the
natural and social sciences and environmental design arts in planning
and utilization.

c. An overall system assessment of operati onal-effects was made,
as well as consideration of the local project area.

d. Alternative courses of action were developed for any proposal
which involved conflicts concerning uses·of available resources.

e. All known environmental impacts of any proposed action were
evaluated, including effects which cannot be avoided, alternatives to
proposed actions, the relationship of local short-term uses and of long
term productivity, and a determination of any irreversible and irre
trievable resource commitment.
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f. Detrimental environmental effects were avoided to the extent
possible. but where these are unavoidable, practicable mitigating
features were included.
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ECONOMIC BASE AND AREA NEEDS

THE STUDY AREA lJ

In keeping with the directive of Congress, the study area for this
report encompasses the Southcentral Railbelt area of Alaska. This area
includes Alaska's largest concentration of population and economic
activity. Because of its great size and diversity, the study area is
divided into three.subregions for purposes of description. These are
denoted. as the Cook Inlet, Gulf of Alaska and Tanana subregions. Plate
C-l shows the study area in relation to the State of Alaska, and Plates
C-2, C-3, and C-4 depict the individual subregions. The following
discussion of the study area and its economy is designed to provide
information on which to base judgment as to water resource development
needs and impacts of any proposed solutions. For the purposes of this
repor~, the population and employment projections of the Alaska Depart
ment of Labor have been used in lieu of OBERS projections. This course
was taken because the observed population growth within the State has
been considerably higher than that estimated by OBERS. The basis for
deviating fromOBERS is more thoroughly presented herein and in Section
G of this appendix.

CLIMATE

Cook Inlet Subregion: At Anchorage, average annual precipitation is
14.7 inches with one-half to two-thirds falling during the period July
through November. The mean daily January temperature is +12.1 0 F and
the mean July temperature is +5S.20 F. Record low and high temperatures
at Anchorage are -3SoF and +S60 F. There are about 125 frost-free days
per year with the last freeze in the spring occurring about 11 May,
and the first fall freeze occurring about lS September.

Gulf of Alaska Subregion: Inland of the Chugach Mountains is an area
characterized by a semiarid climate with relatively clear skies and
extreme temperatures. The mean annual temperature is generally about
290F. The southern flank of these mountains is somewhat warmer. The
first freeze in the fall occurs around 14 September, and the last freeze
in the spring usually occurs about 24 May, giving an annual average of
about 110 frost-free days. Precipitation varies widely, as demonstrated
by annual averages of 60 inches at Valdez, and SO inches at Cordova,
with 100-300 percent more precipitation in the mountains than in the
lowlands. Earth tremors are common, especially along the southern
portion of this subregion.

1/ Note: Most of the information in this section of the report has been
taken from Resources of Alaska, compiled in July 1974 by the Resource
Planning Team of the Joint Federal-State Land Use Planning Commission
for Alaska. It is the most comprehensive and up-to-date compendi~m of
resource information for the study area.
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Tanana Subregion: The average annual precipitation is 11.3 inches at
Fairbanks, and over one-half of the annual precipitation falls in the
spring and summer months.' At Fairbanks, record high and low tempera
tures are about 990 F and -650 F. The mean daily January temperature is
about -160 F and the mean daily July temperature is about 600 F. Fairbanks
averages 89 frost-free days per year.

TOPOGRAPHY AND HYDROLOGY

Cook Inlet Subregion: The subregion is characterized by rugged mountain
ranges· surrounding a central lowland and the ocean arm of Cook Inlet.
Moderate precipitation, including the annual snow pack combined with
glacial melt, generally provides a plentiful water supply. On the west
side of Cook Inlet, the largest rivers are the Chakachatna and Beluga.'
To the north of Cook Inlet. is the Susitna River, sixth largest river
system in Alaska with a total drainage area of 19,400 square miles.
This system includes the major tributaries: Yentna, Chulitna, Talkeetna,
and Tyonek Rivers.

To the east of the Susitna are the drainages of the Matanuska
(2,'70 square miles). Knik, and Eagle Rivers. The rivers of the Kenai
Peninsula are relatively small, with the largest being the Kenai River
with a 2,OOO-square-mile drainage area.

The low ground area within the subregion is generally free of
permafrost. while permanently frozen ground may exist in the higher
elevations. The Kenai Mountains and the Aleutian and Alaska Ranges
contain glaciers.

The Cook Inlet subregion contains Anchorage, Alaska's largest city,
as well as the communities of Kenai, Soldotna, and Homer. Italso
contains one of Alaska's important farming areas in the Matanuska-
Susitna valleys, with Palmer being the hub city. The subregion contains
the "Railbelt," extending from the deep-water ports of Seward and Whittier
through Anchorage to Fairbanks. A major share of the State's highway
system is also here; however, large areas remain without road access.

Gulf of Alaska Subregion: This subregion includes parts of the Alaska
Range. Wrangell and Chugach-Kenai Mountains, and the Copper River lowland.
Massive mountains, rising in altitude to more than 16,000 feet in the
Wrangells support the largest ice fields and glaciers in North America.

Principal watershed of the subregion is the Copper River system
with a 24,400-square-mile drainage area. It drains the south slopes of
the Alaska Range, south and west slopes of the Wrangell Mountains, most
of the Chugach Range, the Copper River basin, and a small section of the
Talkeetna Mountains. The land surface is largely rough and mountainous,
with a narrow coastal plain along the Gulf and broad lake basins in the
Gulkana area between the mountain systems.
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The coastal portion of the subregion is generally free of permafrost,
while the interior portion is underlain by discontinuous permafrost.
Glaciers cover most of the higher peaks in the Wrangell Mountains and
nearly all Qf the crest of the Kenai-Chugach Mountains, which sepa,rate
the coastal area from the interior.

Most of the larger communities in this subregion are accessible by
road. A notable exception is Cordova. Whittier is linked to Portage by
rail and to Valdez by ferry.

Tanana Subregion: A broad level-to-rolling plain occupies the central
and southwestern part of the subregion, flanked by mountains to the
north and south. The entire subregion is drained by the Tanana River
and its tributaries.

The Tanana subregion lies within the discontinuous permafrost zone
of the State. Glaciers occur along most of the southern boundary of the
area.

-The Tanana subregion has one of the most developed surface trans
portation systems in Alaska. The Alaska Highway bisects the area; the
Tok Cutoff and Richa,rdson Highway both provide all-weather routes to
Anchorage, as does the Parks Highway.

WILDLIFE--FISHERIES

Alaska is endowed with geographic characteristics that make possible
a highly productive fishing region. Alaska's coast covers a broad
geographical range in latitude and longitude, and includes every type of
coastal system found in the Lower 48 States, with the exception of the
tropical area. Coastal Alaska, with an extensive intertidal and littoral
area,' provides the environment necessary to sustain its fisheries pro
duction.

Following is a description of th~ fishery resources of the study
area by subregion. '

Cook Inlet Subregion: Pink salmon are, the most abundant anadromous fish
in the area with the greatest numbers arriving to spawn in even-numbered
years. Red salmon are next in abundance and found primarily in the
Kenai and Tustumena Lake drainages. Chum and silver salmon are found in
most of the coastal streams, and king salmon are present in streams
north of Anchor River On the east and Beluga River on the west.

Dolly Varden are found throughout the area; some remain in fresh
water, others are anadromous. Rainbow trout inhabit some lakes and
streams on the Kenai Peninsula and most of the Susitna River drainage.
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Grayling are indigenous to theSusitna River drainage and other
west side streams flowing into Cook Inlet, and they have been successfully
introduced into freshwater lakes. Whitefish and lake trout are also
found in the area.

Sport flsheries are intensively used in many waters of the subregion.
This area contains over half the people of the State as well as a majority
of the road network. Sport anglers use cars, airplanes, boats, and
snowmachines to reach most parts of the area. Sport fish available are
rainbow trout, arctic grayling, Dolly Varden, arctic char, lake trout,
burbot. whitefish. black rockfish, and five species of salmon. Razor
and other clam digging is pursued on the beaches of the Kenai Peninsula
and west shores of Cook In1 et.

Freshwater·sport fishing is available throughout the area. Saltwater
fishing in Cook Inlet is confined mostly to Kachemak Bay and at the
mouth of Deep Creek, south of Kenai. The numbers of fish and shellfish
harvested by sport fishermen are unknown. Many lakes throughout the
area are stocked with salmon, trout, or grayling.

Gulf of Alaska Subregion: Since much of the subregion is mountainous,
the fisheries habitat is characterized by many short, steep coastal .
streams and the rather large drainage of the Copper River. The entire
mountainous area is heavily glaciated, and many of the streams carry a
high load of glacial sediment. There is a paucity of lakes for such a
large area.

Pink and chum salmon utilize the short coastal streams. Silver
salmon spawn and rear in somewhat larger streams where the young can
survive for at least one year. Red salmon are found primarily in
drainages that contain a lake or lakes. such as many lakes in the Copper
River drainage. King salmon spawn in the upper reaches of the Copper
River drainage. Dolly Varden are present throughout the coastal streams
systems. Arctic grayling are confined to the clearwater systems in the
upper portion of the Copper River drainage and have been successfully
introduced in the Cordova area. Rainbow trout are present as well as
lake trout. whitefish. and burbot.

Important marine fish and shellfish are herring, halibut, red
snapper, black cod, king crab, tanner and Dungeness crab, shrimp, scallops,
and razor clams.

The most sought-after sport fish are the five species of Pacific
salmon, Dolly Varden, rainbow trout, Arctic grayling. lake trout, and
burbot.

Tanana Subregion: Chum salmon spawn in a number of tributaries of the
Tanana River. Silver salmon spawn and rear in the Chatanika and Salcha
Rivers and Clearwater Creek. King salmon spawn and rear in the same
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streams as the silver salmon plus the Goodpaster, Delta, and Chena
Rivers. Grayling, whitefish, and northern pike are present throughout
the area. Lake trout, sheefish, and cisco are scattered in the various
drainages.

sport fishing is assisted by the extensive road system.. The Tanana
drainage receives the greatest angling pressure in the interior and
arctic areas. Grayling receives more pressure than any other species.
Other species sought are lake trout, sheefish, and whitefish.

WILDLIFE--BIRDS

, Cook Inlet Subregion: Primary waterfowl habitat lies in the Matanuska
Susitna River glacial outwash plain and the Kenai lowland. Trumpeter
swans are the most important breeding waterfowl; geese do not nest in
appreciable numbers, and ducks are in lower numbers than in interior
habitats. During migration, however, some areas become highly impacted
with ducks and geese. As many as 70,000 have been estimated to be in
the Susitna River Valley at one time.

Coastal areas support moderate populations of bald eagles·and
peregrine falcons. Rainy, Broad, and Windy Passes are migration routes
for peregrines which move through the Susitna River Valley.

Golden eagles and gyrfalcons occupy the more upland areas. Great
horned owls, great grey owls, and rough-legged hawks are some of the
characteristic raptors of the spruce-birch forest of the more northern
areas. Other raptors known to breed in this subregion include goshawks,
sharp-shi nned hawks, red-tailed hawks, Harl an I s hawks, marsh hawks,
osprey~, pigeon hawks, and short-eared owls.

Colonial nesting seabirds are not abundant; however, several colonies
have been identified and others probably exist. .

The marshes and lake shores support a host of shore and wading
birds, and the entire subregion is host at one time or another to most
of the passerine species that occur in Alaska.

Resident game birds of forest and other habitats are the spruce
grouse and willow, rock and white-tailed ptarmigan.

Gulf of Alaska Subregion: Prince William Sound is an important migration
route for many of waterfowl.

The Copper River delta and the Bering Glacier outwash plain contain
about 15-18 townships of exceptional value o to waterfowl. It is the·
principal nesting area for the world's population of dusky Canada geese,
and may produce more ducks per square mile than any other known area in
Alaska except the Yukon Flats. Trumpeter swans reach their greatest
densities here. In spite of its unique n~sting populations, the delta.
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is probably most important as a staging and feeding area for migratory
fowl bound to and from the arctic and subarctic nesting areas to the
north.

At the confluence of the Bremner and Copper Rivers, 40 miles from
the mouth of the latter, are several townships of trumpeter swan'habitat,
second only to the Copper River delta in importance.

The entire coastal area is habitat for seabirds of various species.
At least 48 major seabird colonies have been identified in this subregion,
and undoubtedly many more exist.

The nearly 200 square miles of tidal flats.in Orca Inlet and the
Copper River delta probably support one of the greatest remaining con
centrations of birdlife in existence.

Resident game birds of forest, treeless, and other habitats are
spruce, ruffed,ahd sharp-tailed grouse, willow, rock, and white-tailed
ptarmigan.

Tanana Subregion: This subregion includes waterfowl habitat along the
Tanana River and on tributary streams. Although it is primarily a
production area, large numbers of ducks and geese utilize portions of
the subregion as resting and foraging areas during migration. Primary
species are trumpeter swans, white-fronted and lesser Canada geese,
widgeon, scaup, pintail, green-winged teal, mallards, and canvasbacks.
Nearly all major rivers of the interior regions have small intermittent
areas of flood plains that are utilized extensively by nesting waterfowl.

Peregrine falcons, ospreys, and bald eagles are known to nest in
the Tanana Valley. Other raptors present throughout the area include:
goshawks and sharp-shinned hawks; great-horned, great gray, and boreal
owls, generally in forested areas; and red-tailed, Harlan's, Swainson's,
rough-legged, marsh, pigeon, and sparrow hawks and gyrfalcons (the
latter usually above 2,500-foot elevation). Snowy and short-eared owls
range over the open country.

The only seabirds likely to be found in this region are herring,
mew, and Bonaparte's gulls, arctic terns, and long-tailed jaegers.

Resident game birds of forest and other habitats are spruce, ruffed,
and sharp-tailed grouse, and willow, rock, and white-tailed ptarmigan.

WILDLIFE--MAMMALS

Cook Inlet Subregion: Some of Alaska's densest black bear populations
live on the Kenai Peninsula, in the Susitria Valley, and in the mountains
between Turnagain and Knik Arms. Density is lower in the interior
regions.
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The brown-grizzly bear is common throughout the subregion with
lowest numbers in the Anchorage area and western Kenai Peninsula.

Wolves are most common in the interior and Susitna drainage portions
of the subregion.

Wolverine are common throughout except in areas of high population.
They are most abundant in the interior portions of the sUbregion.

Several herds of barren ground caribou use portions of the subregion:
the Nelchina herd in the northeast section, the McKinley herd in the
northcentral section, and the Kenai herd on the Kenai Peninsula.

Dall sheep are present throughout the Alaska Range, Talkeetna,
Chugach, and Kenai Mountains. Populations fluctuate in response to
weather, range condition. and susceptibility to predation.

Moose are abundant throughout the subregion except in the high
mountains. The Susitna Valley supports an excellent population, but the
premier area is the Kenai National Moose Range, which boasts the highest
population per unit of area in the world.

Mountain goats are, found in low numbers in the Talkeetna Mountains
and in moderate numbers on the Kenai Peninsula Range within the sUbregion.

Marine mammals that inhabit the waters of lower Cook Inlet are
harbor seal, sea lion, sea otter, a~d various whales.

Other smaller mammals present include lynx, red fox, land otter,
mink, marten, short-tailed weasel, beaver, muskrat, and snowshoe hare.

Gulf of Alaska Subregion: Black bears live throughout the subregion.
Population varies from relatively high levels along the coastal areas to
moderate levels in the interior areas.

Brown-grizzly bears occur throughout the subregion; ,the bears are
less common on the west side of Prince William Sound than on the east.
They are more numerous in the interior than along the coast.

Wolves are relatively abundant in the interior portions of the
subregion, but quite scarce along the Prince William'Sound coast. The
interior population numbers about 300.

Wolverines are abundant in the interior, but not as common along
the coast.,

Sitka black-tailed deer are primarily confined to islands of Prince
William Sound, but some occur on the mainland in the Cordova ar~a.
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Barren ground caribou inhabit the interior portion of the -subregion,
which contains a sizable amount of the Ne1china caribou herd's winter
range.

Two distinct bison herds, the Chitina and Copper River,exist in
the subregion.

Some of the most important Da11 sheep range in the State is contained
in this subregion.

Moose occur in greatest concentrations in the interior portions of.
the subregion, but have suffered a severe decline in recent years.

Mountain goats are abundant in the mountains of Prince William
Sound, but present only in low numbers in the Wrangell Mountains and
interior portions of the Chugach Mountains.

After being nearly wiped out in the 19th century, sea otters have
made an amazing recovery. There are now about 6,000 in the Gulf of
Alaska. Harbor seal, steller sea lion, and various whales are in the
Gulf.

Other smaller mammals present include lynx, red fox, land otter,
mink, marten, short-tailed weasel, beaver, muskrat, and snowshoe hare.

Tanana Subregion: Black bears live throughout the area. Grizzly bears
are usually found in a1pi-ne-suba1pine areas and sporadically in lowlands.

Wolves range throughout the area even near Fairbanks. Population
densities are generally high.

Wolverines occur throughout the area.

Barren ground caribou of the Delta, Fortymi1e, McKinley, Mentasta,
and Chisana herds use portions of this subregion.

Sizeable Dall sheep populations are supported by habitat in the
Alaska Range, Mentasta-Nutzotin Mountains, and Tanana Hills-White
Mountains.

Moose are widely scattered and relatively abundant throughout the
subregion.

The small mammal population is, in generai, comprised of the same
species as found in the other two subregions.

AGRICULTURE AND RANGE

Cook Inlet Subregion: There are approximately 2.6 million acres suitable
for production of cultivated crops in the Cook Inlet-Susitna lowlands up
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to elevations of 1,500 feet. Roughly 30 percent is located on the west
side of the Kenai Peninsula; the balance is located in the valleys of
the Matanuska and Susitna Rivers and their tributaries, with a small
part near the lower Beluga River. More than 70 percent of the State's
current agricultural production is derived from these areas of the
subregion.

In general, only the northern portions of the lowlands receive
enough moisture for continued intensive use. Most of the area will
require irrigation for best results. The growing season averages up to
110 days at lower elevations, adequate for all cool-weather crops,
except in the northern parts where it drops to 87. The index of Growing
Degree Days (accumulation of daily mean temperatures in excess of 400 F)
varies from 1,355 in the south, to 1,940 in the mid-region and'l,785 in
the north portions. This index decreases by about 300 for· each thousand
foot increase in elevation. These factors impose limitations as to
which crops may be produced successfully at different locations. At
present, less than one percent of the land is in production, and gross
income is less than $4 million.

The subregion's grazing season averages about five months. Limited
grasslands occur on the lower Kenai Peninsula, stream deltas, higher
slopes, and on burned-over forest lands. Woodland pastures are generally
of marginal value. The short grazing season is a distinct disadvantage
which mayor may not be overcome by proximity of croplands.

Gulf of Alaska SUbre~ion: Potential agricultural and range resources of
the subregion are malnly along the Copper and Chitina River valleys.
Narrow coastal strips and stream deltas along the coast might be grazed
during the summers with removal of the animals imperative for the balance
of the .year.

Climate of the interior is continental in nature, with warm summers
and cold winters. Elevation is generally 1,000 feet or more. The area
lies in the "rain shadow" of high coastal mountains, and summer precipi
tation is typically below 10 inches. The proximity of very high mountains
and downward flows of cold air combine to render the area susceptible to
summer frosts and limit reliable agricultural production to gardens and
'forage crops.

In its natural forested state, the lower land area has relatively
~ittle range forage value. .

Some 70 farms are located in the subregion, mostly active in the
Kenny Lake area. None are operated on a full-time basis. With the long
winter feeding period, it is unlikely that any extensive livestock
industry will develop in the near future.
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Tanana Subregion: Some 3.6 million acres are suitable for production of
cultivated crops. The croplands include approximately 810,000 acres
which are lowlands of the T~nana and tributary rivers, another 840,000
acres located on the Yukon-Tanana uplands east of Nenana, and 860,000
acres of good upland soils located on the northern foothills of the

, Alaska Range and Kuskokwim Mountains, generally south and west of Nenana.

The Tanana and upper Yukon subregions share the greatest temperature
extremes in the State. Higher elevations and lowlands with poor air
drainage are subject to danger of summer frost. Aside from these local
drawbacks, the subregion has the best record in the State for maturing
hardy grains, normally the highest criterion for assessing northern
agricultural potentials.

Fairbanks, approximately in the middle of the agricultural area,
averages 1,996 growing degrees days, 57 days with temperatures 700 F or
over, 89 frost-free days, and 8.06 inches of summer precipitation. This
is both warmer and drier than either Tanana or'Delta Junction, but the
entire area is suitable for cool weather forages, vegetables, and hardy
small grains. For sustained commercial production, fertilizers are
necessary and irrigation is highly desirable.

There are no extensive grass range lands fora livestock economy.
However, with improved range near crop lands, shelter, and hardy animals,
the subregion could have a carrying capacity of approximately 650,000 .
animal units.

FORESTRY

Cook Inlet Subregion: Four forest ecosystems are represented in the
subregion. The coastal Sitka spruce-western hemlock ecosystem is located
on the Kenai Peninsula and the lands west of Cook Inlet. It covers
1,641,000 acres. The bottomland spruce-poplar forests cover 675,000
acres and are located primarily in the Susitna and Matanuska Valleys,
where spruce and cottonwood are of important commercial value. The
upland spruce-hardwood forest covers a large area. of 3,570,000 acres,"
and has commercial forest stands on about one-fourth of the acreage,
primarily in the Susitna Valley. The lowland spruce-hardwood forest
ecosystem has a land area of 2,867,000 acres, and can be considered
noncommercial. "Commercial" refers strictly to an annual volume growth
rate, not to whether the timber is accessible, or has an economic
commercial value or a market.

Of the 6,362,000 acres of inventoried forest land, commercial and
subcommercial forests occupy 4,004,000 acres, and noncommercial forests
2,358,000 acres. The commercial forest land contains 7.0 billion board
feet (International 1/4-inch rule) of sawtimber, of which 2.7 billion
board feet are hardwood--primarily cottonwood, and 4.3 billion board
feet are white and Sitka spruce. An additional 66.1 million board feet
of dead but salvable timber could be added to the above.
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The average volume is approximately 1,752 board feet/acre, but can
range from 100 board feet/acre to about 25,000 board feet per acre. A
general rule of thumb is 15 percent deduction for defect and cull.
Stand stocking is generally not as high as it could be if the stands
were fully regulated and managed. Regeneration appears to be adequate.
In general, the trees reach maturity for harvesting jn 80 to 100 years,
depending on site and product to be manufactured. The total net growth
volume is about 1.8 billion board feet.

The growth volume for the entire subregion is sufficient to supply
several pulp mills, particle board mills, or large sawmills, if the
forested lands were properly developed and managed for timber production.
Presently, only a few small mills cut timber for various local use
products. Some cants are produced for export to Japan for further
processing. Some cottonwood logs have been exported to determine their
suitability for paneling. Local markets exist and are expanding, and
local and foreign demand for timber is increasing.

Gulf of Alaska SUbregion: The interior forest of three different forest
systems covers a total of 4,998,000 acres. The bottomland spruce-poplar
forest ecosystem, 303,000 acres, is located primarily in the Copper and
Chitina River valleys andean be considered essentially commercial
forest land. The upland spruce-hardwood forest covers 2,211,000 acres
and has local stands of commercial spruce and hardwoods.

Most of the1forest stands in this ecosystem are noncommercial
because of their slow growth due to poor site conditions. The lowland
spruce-hardwood ecosystem covers 2,484,000 acres and is noncommercial
throughout.

The best timber production land is in native village withdrawals
and native regional deficiency areas. The major acreage of forested
land lies in Federal control.

Two forest inventories were conducted in the subregion; an extensive
inventory covering the entire basin, and a relatively intensive inventory
covering the better bottomland forests. The following data are taken
from the basinwide inventory, which lists 4,431,000 acres of total
forest land for the Copper River basin, of which 1,178,000 acres are
commercial and subcommercia1 timber, and 3,253,000 acres are noncommercial.
Of the 2,064,000 acres of coastal forest, about 901,000 acres are con
sidered commercial and subcommercial.

Total standing volume in the interior forests is 1.5 billion board
feet (International 1/4-inch rule) consisting of 1.4 billion board feet
of spruce and 52.5 mill ion board feet of hardwoods, half of whi ch is
birch. Average volume per acre is 1,240 board feet and total annual
volume growth is 28.5 million board feet. This volume can be considered
the potential sustained yield for the entire Copper River basin.
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The total volume of the coastal forests is about 19.8 billion board
feet (International 1/4-inch rule), 67 percent of which is Sitka spruce,
and 28 percent is western hemlock. The potential annual harvest on the
Chugach National Forest lands is 103 million board feet (International
1/4-inch rule), plus an additional 20 million board feet from other
lands.

Regeneration in both coastal and interior forest systems appears to
be adequate, but could be improved with higher stocking density. Rotation
ages for the interior forests are about 100 to 120 years, and 70 to 210
years in the coastal type. .

Several sawmills operate in the subregion, some sporadically and
others, like the mills at Seward and Whittier, on a full-time basis.
The mills produce a variety of products for local markets and cants for
export to Japan.

Tanana Subregion: The three interior forest ecosystems occupy a con
siderable area in this subregion. The bottomland spruce-poplar ecosystem
(1.2 million acres) is found in the flood plains and on river terraces
along all the major streams--primarily the Tanana River. This system
can be considered commercial throughout its range.

The upland spruce-hardwood ecosystem has the greatest area, 7.3
million acres. It is partly commercial depending on the site. Much of
the forest is noncommercial because the trees are very slow growing and
occupy sites with thin soils, steep and dry hillsides, and northerly
slopes.

The lowland spruce-hardwood ecosystem is found on poorly drained
soils, u~ually in muskeg areas, and covers 5,184,000 acres. It should
be considered noncommercial throughout its range due to small size of
black spruce and hardwoods, and extremely slow growth rates. The term
commercial refers to trees or forest stands adding volume growth in
excess of 20 cubic feet per acre each year, and does not consider
accessibility.

The total volume of commercial and subcommercial standing timber is
about 6.2 billion board feet. About 5.2 billion board feet of this are
spruce and about 1.0 billion board feet are hardwoods (primarily birch).
The overall average gross volume is 1,265 board feet/acre, and the total
annual volume growth is about 26.5 million board feet.

This growth can be used as an indicator of the potential annual
harvest for the entire subregion. "Regeneration appears adequate, but
most timber stands are naturally understocked and could produce more
volume if intensively managed. Although rotation rates have not been
precisely determined, they are estimated. at 90 to 120 years depending on
the site.
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Several mills are currently operating in the subregion, some sporadi
cally and some full-time. Most of the mills are small size and saw
products for local use.

MINERALS AND ENERGY

Cook Inlet Subregion: Mineral resources are abundant, and in the future
will become more important to the Alaskan economy. Oil and gas produced
from fields in the Cook Inlet basin have far exceeded other minerals ,in
value.

The oil and gas-bearing sedimentary rocks of the Cook Inlet basin
may be as much as 25,000 feet thick. Reserves of 2.6 billion barrels of
oil and five trillion cubic feet of gas are estimated to exist in the
upper Cook Inlet. Total projected resources from the Cook Inlet basin
may be as much as 7.9 billion barrels of oil and 14.6 trillion cubic
feet of gas. The resource estimates include both onshore and offshore
areas.

Coal resources'arelarge and exceed more than 2-1/2 billion short
tons. Coal is present in the Broad Pass, Sustina, Matanuska, and -Kenai
Tertiary coal fields. Broad Pass coal ranges from subbituminous on
Costello Creek to lignite at Broad Pass. Reserve estimates for the
Broad Pass field are 64 million tons of indicated coal. The Susitna
coal deposits are in the basins of Beluga and Chulitna Rivers, and are
as much as 2.4 billion short tons less than 1,000 feet deep. The Matanuska
coal is in the Chickaloon formation, ranging in beds up to 23 feet in
thickness. It is high volatile bituminous in rank, and ~ome have coking
properties. The Anthracite Ridge contains semi-anthracite coal beds.
The total resource estimates are 137 million short tons less than 2,000
feet deep. The Kenai field has at least 30 coal beds from three to
'seven feet in thickness, and ranging from subbituminous to lignite in
rank. Estimated resources are about 318 million short tons less than
1,000 feet deep.

Geothermal potential is high in the south part of the Alaska Range,
where a volcanic belt is locally surmounted by volcanoes and lava fields;
some of the volcanoes are still active and indicate deep heat reservoirs.

Clay deposits which can be used for brick manufacturing occur at
Point Woronzof in the Anchorage area, at Sheep Mountain in the upper
Matanuska Valley, and near Homer on the Kenai Peninsula.

Gypsum deposits occur on Sheep Mountain, about 50 miles northeast
,:of Palmer. Reserves are calculated at 310,800 tons of indicated and
B48,OOO tons of inferred gypsum rock averaging 25 to 30 percent gypsum.

Limestone deposits of nearly pure calcium carbonate occur in the
drai nage of the Ki ngs Ri ver and in Foggy Pass near Cantwell.
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The Cook Inlet subregion is traversed by numerous metal provinces.
The subregion contains deposits of gold, silver, antimony, iron, chromite,
molybdenum, copper, lead, and zinc. Like most of Alaska. past metallic
production has been primarily gold l about one million ounces. In addition,
nearly 300,000 tons of chromite ore and small amounts of copper ore have
been produced.

Gulf of Alaska Subregion: High oil and gas potential exists in the
coastal section within the Gulf of Alaska' province. The many oil and
gas seeps and petroliferous beds in sedimentary rocks, which exceed
25.000 feet in thickness, have attracted intensive exploration by industry.
Interest has now shifted to the Outer Continental" Shelf, where the
presence of many folds. the possibility 'of reservoir rocks, and lack of
intense deformation indicate high possibilities of petroleum deposits.
The Copper River lowlands have low to moderate oil potential.

Coal-bearing rocks have been mapped over 50 square miles near
Bering and Kushtaka Lakes in the Bering River coal field. Similar rocks
appear in the Robinson Mountains east of Bering Glacier. The coal
ranges upward from low volatile bituminous in the southwestern part.
The beds are a few feet to 60 feet thick. The coal in part of the field
has coking properties.

Geothermal energy potential is high. The Wrangell Mountains are
the site of recent volcanic activity and provide a favorable environment
for heat reservoirs.

Some potential for cement may exist in the limestone beds exposed
near McCarthy. The beds are several hundred feet thick and quite
extensive.

Sand and gravel deposits of economic signific~nce occur in the
Copper River lowlands, the Chitina Valley. and adjacent tributaries.

Metallic minerals occur in several districts. Lodes in many parts
of the Copper River region contain copper, gold, silver, molybdenum.
antimony, nickel, iron, lead, and zinc, but only gold, copper, and by
product silver were mined commercially. The Kennicott mines near
McCarthy, and mines in the southwestern and northeastern parts of Prince
Wi 11 iam Sound, accounted for most of the 690,000 short tons of copper
produced in Alaska. Two or three million dollars worth of gold and
silver were produced from lodes and as by-products of copper mining in
the Prince William Sound district. Gold placer deposits produced 35,000
ounces of gold and a few ounces of platinum from the Chistochina, Slana,
and Nizina districts.

e

Gold and copper lodes are in the Seward district and eastern part
of the Kenai Peninsula. Copper, gold, silver. and molybdenum lodes are
between the Chitina River and the crest of the Wrangell Mountains. Other
mineralized sites occur throughout the subregion.
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Tanana Subregion: Low potential for oil and gas exist in the basins
W1thin the subregion. There may be potential for gas in connection with
coal beds in the Tanana basin. The remainder of the subregion is under
lain by rocks that are nonporous or too structurally complex for petrol
eum accumulation.

Large coal deposits exist in the young basins which flank the
northern front of the Alaska Range. The coal deposits in the Nenana
coal field have been mined since about 1918 and are presently producing
about 700,000 tons per year. The coal is lignite to subbituminous,
occurs in beds 2-1/2 feet to over 50 feet in thickness, has low sulfur
content, and is used for power generation and domestic use in Fairbanks.
Coal resources for all fields in this belt are estimated at nearly 7
billion tons located less than 3,000 feet deep.

Geothermal potential is present in the subregion.

Sand and gravel potential is high. Outwash deposits fronting the
Alaska Range are economically significant. The Nenana gravel near Healy
could be utilized. Other localiti~s with potential for sand and gravel
occur in the flood plains of the Tanana River and its major tributaries.

Limestone containing a high content of calcium suitable for cement
occurs in outcrops at Windy Creek and Foggy Pass near Cantwell and the
railroad. Other deposits of limestone are in the Minto Flats-Dugan
Hills area west of Fairbanks.

Metallic minerals are present in a number of districts. The
mineral potential of the Hot Springs district is moderate and contains
silver, lead, minor amounts of gold, iron, copper, and other copper
associated minerals. Chromite is found south of Boulder Creek. Nickel
minerals are found in the vicinity of Hot Springs Dome.

Tolovana district lodes contain gold, silver, antimony, mercury,
chromium, nickel, and iron.

Fairbanks district lodes have produced important amounts of gold
~nd smaller quantities of silver. lead, tungsten, and antimony ore.

Delta River district lodes' contain gold and silver, molybdenum,
~ntimony, copper, lead, zinc, nickel, and chromium minerals.

The Chisana district is well known for its lode deposits of gold,
copper, silver, lead, zinc, molybdenum, iron, and antimony. Lode
production from the Nabesna mine was substantial and consisted of gold
and subordinate copper and silver.
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HUMAN RESOURCES

Population: Since 1930. Alaska's rate of population growth has exceeded
that of the contiguous United States. and even that of the western
States. This population growth has been characterized by a relatively
high rate of natural increase, which accounted for 60 percent of the
1950 to 1960 population increase, and 81 percent of the growth between
1960 and 1970. Increases in military population were significant in
Alaska's growth up to 1960, after which it has remained fairly stable at
about 33,000 persons, accounting for about 9 percent of total population.

Earliest records indicate that Alaska's population, around 1740 to
1780, consisted of an estimated 74,500 native people. Of this total,
40,000 were Eskimos, 16,000 were Aleuts, 6,900 were Athabascan Indians,
and 11,800 were Tlingit, Haida and Tsimpshean Indians. The native
population declined from that time to the early 20th century, apparently
the result of social disruption and disease. About 1920, improved
economic and health conditions reversed the decline in the native
population. which is now growing rapidly but has yet to reach the level
of the late 1700's.

Table C-l shows the proportion of native residents in the various
census divisions of the study area.

Table C-l

Percent of Native Population in the Study Area
By Census Division, 1970

Census Division

Anchorage
Cordova-McCarthy
Fai rbanks
Kenai-Cook Inlet
Matanuska-Susitna
Seward
Southeast Fairbanks
Va1dez-Chitina-Whittier
Yukon-Koyukuk

Population

124,542
1,857

45.864
14,250
6,509
2.336
4,179
3,098
4,752

% Native

3
15

4
7
4

11
12
23
46

Source: Adapted from information in the 1970 Census and from the
University of Alaska, Institute of Social, Economic and
Governmental Research, March 1972, Vol. IX, No. I.

Published in: Alaska Statistical Review, Department of Economic
Development, Dec. 1972.
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A high·rate of natural increase plus migration from the States
boosted the population from 128,000 in 1950 to 227,000 in 1960. By
1970, the population had advanced to 302,000 and it is now estimated to
be 386,000. Table C-2 shows Railbe1t area population in relation to
State totals.

Table C-2

Study Area Population As Percent of Total

Year

1880
1890
1900
1910
1920
1940
1950
1960
1970
1973

Total Alaska

33,426
32,052
63,592
64,356
55,036
72,524

128,643
226,167
302,173
330,365

5tudy Area ]j

6,920
8,445

15,600
25,964
19,137
25,226
73,101

157,979
220,271
245,291

Percent of Total

21
26
25
40
35
35
57
70
73
74

Source: Estimate from Alaska Regional Population and EmploYment,
G. W. Rogers.

Source Note: Unless otherwise noted, all population statistics for
1960 and prior years are from G.W. Rogers and R. A. Cooley,
Alaska1s Population and Economy, all population statistics
for 1970 are from the U.S. Census, and population estimates
for 1971 are from the Alaska Department of Labor.

Published in: Alaska Statistical Review, Department of Economic
Development, Dec. 1972.

1/ The boundaries of the study area do not coincide with census districts,
and, therefore, population figures for the study area are approximate.

The Southcentra1 Railbelt area of Alaska contains the State1s two
largest population centers, Anchorage and Fairbanks, and almost three
fourths of the State's population. The Anchorage area alone has over
half the residents in the State.

EMPLOYMENT

Alaska's civilian workforce amounted to 148,000 persons in 1974.
The largest sector was government with 30 percent of the number employed.
The next most important sector was trade followed by the service sector.
Table C-3 provides a tabulation of Alaskan employment.

351



I,
!I

Labor Force Summary--1974

TOTAL

Total Unemployment
Percent of Labor Force

Total Employment '

TOTAl Non-Agriculture

Mining ,
Metal Mining
Oil &Gas
Other Mining

Contract Construction

Manufacturi ng
Food Processing
Logging-Lumber &Pulp
Other Manufacturing

Transp.-Comm. &Pub. Utilities
Trucking &Warehousing
Water Transportation
Air Transportation
Other Transportation
Comm. &Public Uti1ities

Trade
Wholesale
Retai 1

Gen. Mdse. &Apparel
Food Stores
Eating &Drinking Places
Other Reta i1 '

Finance-Ins. &Real Estate

Services
Hotel, Motels, &Lodges
Personal Services
Business Services
Medical Services
Other Services
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Annua1 Average

148,900

14,900
10.0

134,000

128,200

3,000
200

2,600
200

14,100

9,600
4,300
3,600
1,700

12,400
2,200
1,000
4,000
1,300
3,900

21 ,100
4,000

17,100
4,100
2,000
5,000
6,000

4,900

,18,300
2,500

800
3,000
3,800
8,200



Table C-3 (Continued)

Labor Force Summary--1974

Annual Average

Government
Federal
State
Local

Misc. &Unclassified

43,800
18,000
14,200
11,600

1,000

Source: Alaska Department of Labor

Table C-4 provides location quotients for the various employment
sectors. The location quotients compare the share of total personal
income from an industry in Alaska to the s:hare of total personal income

.arising from the same industry for the United States. A quotient greater
than one indicates that Alaska is more dependent on that industry than
the U.S. as a whole.

Table C-4

Location uotients for Alaska
Vis-A-Vis United States 1960, 1971

f·... ,1

Mining
Contract Construction
Manufacturing
Transportation, Communications

and Public Utilities
Trade
Finance, Insurance, and Real Estate
Service
Government (Excludes Military)

1960

1.6
2.2

.2

1.3
.7
.5
.7

2.8

1971

3.7
1.8

.2

1.5
.8
.6
.8

2.3

Source: Derived from data in Survey of Current Business and Statistical
Abstract of Uni ted States, both compil ed by the U. S. Department
of Commerce.

Published in: Alaska Statistical Review, Department of Economic
Development, 1972 Edition.
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Alaska has experienced unemployment rates consistently higher than
the national average. In 1974, Anchorage and Fairbanks experienced an
average unemployment rate of 8.6 percent, somewhat lower than the
statewide 10 percent rate of unemployment.

INCOME

Table C-5 shows the per capita personal income for Alaska, Far West
region, and U.S. average for 1970 through 1973. This table reduces
Alaskan income by a 25 percent cost of living adjustment to show an
estimated real per capita income relative to other parts of the United
States.

Table C-5

Per Capita Personal Income for Alaska,
Far West Regions, and U.S. Average

Percent
Alaska of U.S. Far West U.S.

Year Alaska -25% COL Average Region . Average

1970 $4,603 $3,452 87.6 $4,346 $3,943
1971 4,907 3,680 88.4 4,535 4,164
1972 5,141 3,856 85.8 4,866 4,492
1973 5,613 4,210 85.6 5,322 4,918

Source: Survey of Current Business

Published in: Alaska Statistical Review Department of Economic
Development, Supplement to December 1972 edition.

EDUCATION

Enrollment in primary and second~ry schools grew at a slightly
faster rate than Alaska's total population over the period since state
hood.As of 1970, a significantly higher share of personal income in
Alaska went to education than for the nation, and Alaska's pupil-teacher
ratio was slightly more favorable than the U.S. average.
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ECONOMY OF THE STUDY AREA

The Southcentral Railbelt area of Alaska is the focus of continuing
substantial growth in economic activity. Construction of the trans
Alaska oil pipeline is providing the primary impetus, with impacts being
felt in virtually all sectors of the economy. A continued high level of
Federal Government spending coupled with substantial State spending is
supporting the growth. This expansion is expected to continue for at
least five to seven years, supported largely by activities of, or relating
to, the petroleum industry. Table C-6 provides an indication of these
recent trends for the Alaskan economy.

2f: .
(i4>", Total Resident Population

, . Labor Force
~' Total Employment
III Wage & Salary Employment
~ Number Unemployed
l- Percent Unemployed

fj"C1;:,. \;~:la;fI) Wage & Salary Payments
~fo Total Personal Income
:E. Alaska Gross Product
t: ':,. i:

TABLE C-6
ALASKAN ECONOMIC INDICATORS

1970 1971 1972 1973 . 1974 1975·

302.4 311.0 322.1 330.4 351.2 386.3

108.2 115.9 122.9 129.6 148.9 176.5
98.5 103.8 110.0 115.6 134.0 160.5
93.1 98.3 f04.2 109.Q 128.2 154.5

9.7 12.1 12.9 13.9 14.9 16.0
9.0% 10.4% 10.5 % 10.7% 10.0% 9.1%

$1,116.2 $1,283.7 $1,422.7 $1,546.8 $2,078.0 $3,100.0
1,412.8 1,548.3 1,697.1 1,957.8 2,398.0 3,500.0
2,196.4 2,354.7 2,508.3 2,756.3 3,790.0 5,800.0

-Estimates

Source: 1970·74 Personal Income from U.S. Department of Commerce; 1970-73 Gross Product from Man in the Arctic
Program, ISEGR, University of Alaska; 1974 Gross Product by Division of Economic Enterprise; 1975 Projections by
Division of Economic Enterprise.

Published in: The Alaskan Econom~, Department of Commerce and Economic
Development, Mid-Year Review, 197 .

Note: Unless otherwise noted, all tables and graphs in this section
of the report are taken from The Alaskan Economy.
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Mineral Production: Exploration and development activity in the mineral
industry is increasing following a short slack period. A long-term
trend of increasing value in mineral production continues, primarily
reflecting increased product prices as shown in Table C-7.

TABLE C-7
.MINERAL INDUSTRY INDICATORS

. (Value in Thousands of Current Dollars)

Production 1971 1972 1973 1974 P,

Petroleum: Value $257.562 $235,444 $261.877 $438.541
Volume - 1.00042 gal. barrels 79,494 72.893 72.323 71.54l

Natural Gas: Value $ 17.878 $ 18,463 $ 19,483 $ 29.661
Volume - MMCF 121.618 125.596 '131.007 144.02

Sand & Gravel: Value $ 32.806 $ 15.214 $ 19.913 $ 24.931
I Volume - 1.000 short tons 23.817 14.187 14.999· 18.741
I Gold: Value $ 537 $ 506 $ 695 $ 1.311I
i

Volume - Troy ounces 13.012 8.639 7.107 8.18!

I I
Other Minerals: Value $ 14.040 $ 16.511 $ 26.821 $ 28.741

Ii Total $322.823 $286.038 $328.789 $523.201
II

III
Employment

II Petroleum Industry 2.090 1.792 1.671 2.58'
iii All Other Minerals 340 321 .296 391

II
Total Mining 2,430 2.113 1.967 2.97

i P PreliminaryI

Source: U. S. Department of the Interior: Bureau of Mines. Alaska Department of Labor.

Oil production in the Cook Inlet reached its peak in 1970 and has
been declining slowly since then. Continued development of proven
fields is expected until completion of Alyeska1s pipeline allows Prudhoe
Bay oil to be produced, now projected for mid-1977. Copper, gold, and
coal are the primary objectives of current hard mineral exploration
activity. Despite the extensive mineral potential, the mining industry
presently faces a proposed State severance tax on hard rock minerals,
strict environmental constraints, and complicated land access problems
linked to native land claims and Department of the Interior land with
drawals. New interest in steam coal, particularly by the Japanese,
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will attract investigation of coal fields in the Matanuska Valley and
the Railbelt vicinity. Further exploration of the Beluga River coal
fields is anticipated, accompanied by related research on refinement
processes.

Fisheries: Of theworld's 150 billion pound annual fish harvest, more
than 4.5 billion pounds come from the waters adjacent to Alaska. Among
the states, Alaska usually ranks first in value of fish products pro
duced, and third or fourth in terms of volume. Salmon accounts for the
largest portion of the Alaskan fishing industry and the catch tends to
be cyclic from year to year, as suggested in Graph C-l.

GRAPH C-l
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Table C-8 shows the size and value of the fish catch in the region
that closely coincides with the study area.

TABLE C-8

CENTRAL ALASKA REGION CATCH AND GROSS VALUE TO THE FISHERMEN
1960 - 1972

(Catch in Millions of Lbs., Value in Thousands of Dollars)

Salmon Shellfish Other Fish Total
Year Lbs. Value . Lbs. Value Lbs. Value Lbs • Value-
1960 84.2 $11,734 36.1 $ 2,789 6.1 $ 603 126.3 $15,126
1961 77.0 9,463 54.5 4,380 4.1 495 135.5 14,338
1962 144.8 21 ,851 63.5 5,663 9.4 2,502 217.7 30,015
1963 93.3 11,906 70.6 6,409 11. 1 1,944 175.0 20,259
1964 146.4 16,958 64.7 6,147 8.2 1,314 219.3 24,419
1965 73.2 10,178 114.1 10,691 7.9 1,383 195.2 22,252
1966 116.6 17,163 144.3 13,142 15.6 3,117 276.6 33,421
1967 47.6 9,767 129.8 12,175 13.7 1,645 191.1 21,708
1968 111.8 17,680 90.8 14,492 12.7 1,546 215.3 33,719
1969 121.3 19,802 85.7 10,296 18.4 3,680 225.4 33,777
1970 140.1 23,774 13.6 12,025 15.6 4,882 269.3 ·40,681
1971 109.9 19,465 129.8 12,353 19.0 4,840 256.6 36,658
1972 73.3 16,344 140.9 17,049 19.6 9,380 233.8 44,773

Source: Alaska Department of Fish and Game

More recently, the fishing industry has experienced several difficult
and unstable years. The fishing industry was plagued by poor runs of
pink salmon statewide and the continuing decline of the Bristol Bay
fishery. Consequently, the total 1975 catch was at about the same level
as the previous year's poor harvest. The current depressed ~ondition of
Alaska's salmon fisheries is considered a temporary phenomenon. Pros
pects for other fish varieties is mixed, dependent upon, among other
things, the possible establishment of a 200-mile exclusive fisheries
zone and harvesting at a rate that can be sustained. Alaska bottomfish
potential appears to be high.

Forest Products: In general, Alaska's annual harvest of timber has
increased steadily since 1959. National forest lands provided over 85
percent of total timber cut each year. About one-third of Alaska's 365
million acres supports forest cover of varying density, size, and type.
One-fourth of this forested area is considered to have present or future
commercial development potential. This includes present production
within the study area on the west side of Cook Inlet, near Tyonek, and
in the Chugach National Fores~. In volume of timber processed, by far
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the-greatest production is presently in the Tongass and Chugach National
Forests. The major product of the timber harvest is wood pulp. A sharp
decline in the timber harvest occurred in 1974 due primarily to a depressed
market for sawn products in Japan. The unusually healthy pulp segment
more than offset the poor performance of the lumber sector, however.
Graph C-2 indicates recent industry trends. Despite the present slowdown.
the Alaska Department of Economic Development predicts new markets in
Japan and steady growth in Alaska's forest products industry.
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Tourism: Tourism in Alaska is a major industry with tourist volume

increasing at a rate of almost 15 percent per year since 1964. Approxi

mately 240,000 non-resident pleasure travelers entered Alaska in 1974.

Tourism should continue to grow as transportation and facilities are

improved. Graph C-3 indicates recent trends. As the transportation

hub of the bulk of Alaska, the Anchorage area will realize the major
share of this activity.

GRAPH C-3
NUMBER OF TOURISTS ENTERING ALASKA
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Other Industries: Other industries have in general paralleled the
growth in the primary industries. Contract construction is especially
healthy due to pipeline construction activities, and the future would
appear to depend on continued resource development in the State.
Consistent growth over the last decade has occurred in the trade and
service industries, while agricultural production has been relatively
static. Recent changes to more efficient and larger farms have put
Alaskan agriculture in a more solid position, and the amount of poten
tially tillable land is extensive. The government sector, already the
largest contributor to the Alaskan economy, continues to grow rapidly.

PRESENT POWER REQUIREMENTS

To sustain the current population and level of economic activity in
the Southcentral Rai1belt area. power is provided by several utility
systems as well as industrial and national defense power systems. Table
C-9 provides a summary of existing generating capacity as of mid-1974. .

TABLE C-9

SUMMARY OF EXISTING GENERATING CAPACITY

Installed Capacity - 1000kw
Diesel Gas Steam

Hydro IC Turbine Turbine Total

Anchorage-Cook Inlet Area:
Uti 1i ty System
National Defense
Industrial System

Subtotal

Fairbanks-Tanana Valley Area:
Utility System
National Defense

Subtotal

Valdez and Glennallen

45.0 . 13.5 341.7 14.5 414.8
9.3 49.~ 58.8

10.1 2.3 12.4

32.9 344'.0 64:'0 486.0

32.1 42.1 53.5 127.7
14.9 63.0 77 .9

4r:O 105.1 53.5 205.6

6.2 6.2

Notes: The majority of the diesel generation is in standby status except
at Valdez and Glennallen.

Source: 1974 Alaska Power Survey, Technical Advisory Report, Resources
and Electric Power Generation, Appendix A, and Alaska Electric
Power Statistics, 1960-1973, APA.
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The Anchorage-Cook Inlet area had a total installed capacity of
414.8 MW in 1974. Natural gas-fired turbines were the predominant
energy source with 341.7 MW of installed capacity. Hydroelectric
capacity of 45 MW was available from two projects, Elkutna and Cooper
Lakes. Steam turbines comprised 14.5 MW of capacity and diesel genera
tion, mostly in standby service, and accounted for the remaining 13.5 MW.

The Fairbanks-Tanana Valley area utilities had a total installed
capacity of 127.7 MW in 1974. Steam turbines provided the largest block
of power in the area with an installed capacity of 53.5 MW.Gasturbine
generation (oil-fired) provided 42.1 MW of power, and diesel generators
contributed 32.1 MW to the area.

The energy needs of the Southcentral Railbelt area are estimated by
the Alaska Power Administration to more than double by 1985 from the
present 2 billion kilowatt-hours to 5.5 billion kilowatt-hours. By the
year 2000, the energy requirement is estimated to reach 15 billion
kilowatt-hours. The following section is a discussion of these energy
need projections as well as of the energy use and development assumptions
upon which they are based.

PROJECTED ENERGY NEEDS

In its marketability analysis, Alaska Power Administration prepared
Railbelt area load projections for 1980, 1990, and 2000 under three
different growth scenarios. These projections are based on the 1974
Alaska Power Survey, adjusted to account for more recent data, current, '
regional and sectional trends in energy and power use, and to eliminate
loads which would be too remote to be served from a Railbelt trans
mission system.

The use of a range of projectlons is necessitated by the wide
variation possible in future population and economic growth in Alaska
due to uncertainty regarding the controlling factors of cost, conser
vation technologies, available energy sources, types of Alaskan develop
ment, and national energy policy. All projections assume that saturation
levels for many energy uses will be reached and that rates of increase
for most individual uses will decline during the period of study. This
reflects assumed effects of major efforts to increase efficiencies and
conserve energy for all uses.

In accordance with APA's reconmendations, the projections based on
the mid-range growth scenario were adopted for this study. The mid
range projection is based on utility system growth rates of 12.4 percent
for 1974-1980, 7 percent for 1980-1990, and 6 percent for 1990-2000.
National defense requirements are based on9 1 percent growth rate and
industrial requirements presume a gradual expansion of facilities.

Table C-10 summarizes the mid-range load projections for the
Ra i1beIt area.
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National Defense Reguirements: Future power requirements for
national defense facilities were premised on the 1974 power use for the
major bases and an assumed future growth of approximately 1 percent
per year. These estimates are lower than presented in the 1974 Alaska
Power Survey, which assumed a growth rate of 1.7 percent.

APA Power Reguirement Pro~ection MethodolO
TY

: Several basic assumptions
underlie Alaska Power Admlnistration's ana ysis. It is assumed that
boom conditions will give way to orderly expansion in the 1980's and
1990's, with an annual growth rate for electrical energy after 1980
similar to that experienced over the last decade in the rest of the
country--between 6 and 7 percent. The presumption is also made th~t,

barring major changes in technology that favor other forms of energy
use, electrical power production will need to anticipate and keep pace
with the overall growth in population and production.

APA's power requirement projections are a composite of three
sectors which were analyzed separately. The first is composed of
utility system requirements which includes residential, commercial,
light industrial, and industrial support services requirements. The
second sector examined is national defense requirements, and finally
industrial requirements for resource extraction and processing, new
energy-intensive industries, and heavy manufacturing are explored.

Utility System Re9uirements: Utility system load estimates were
compiled for existing lndividual systems for the years 1980 and 1990;
these were then extended through 1990 to the year 2000. The mid-range
extends the growth rate to 1980 at about 12 percent, somewhat less than
the past decade's historical rate of 14 percent for the Railbelt area.
Higher and lower range utility load estimates for 1980 assume about 20
percent more and less growth respectively than the mid-range estimate.
It is then assumed that somewhat lower growth rates would prevail in
subsequent decades. Growth rates of 9 percent in the 1980's and 8
percent in the 1990's are considered to represent fairly rapid develop
ment of the Alaskan economy in those two decades •. The lower range
estimates are considered to represent fairly modest growth.

1990-2000

8
6
4

1980-1990

9
7
6

1974-1980

14
12
11

TABLE C-ll

ASSUMED ANNUAL UTILITY GROWTH RATES IN PERCENT

Higher Range
Li kely Mi d-range
Lower Range

ESTIMATE:



Industrial Re uirements: Industrial use (as defined by APA for
purposes of this analysis accounts for about 2 percent of the Railbelt
area's 1974 total power requirement and is expected to grow to 19 per
cent in 2000, according to the mid-range projection. This remains well
below the industrial share nationwide. The industrial requirement is
the most speculative aspect of the projection because it is very diffi
cult to foresee the timing of new facilities.

The analysis assumes a high probability of major new mineral
production and processing. Also expected are significant further
developments in timber processing, and it is assumed that Alaska energy
and the availability of other resources such as water, lndustrial
sites, and port sites may attract energy-intensive industries. The
primary data source for the industrial sector projections was a 1973
study by the Alaska Department of Economic Development. That study
included r~view and estimates of power requirements for Alaska's fishery,
forest products, petroleum, natural gas, coal, and other mineral indus
tries J all premised on significant identified resource potentials and on
power needs for similar developments elsewhere. Several qualifying
assumptions were made by APA to adapt this study for use in the marketa
bilityanalysis. .

1. Power requirements for fish processing industries and.-support
services for industrial development are not included, having already
been addressed in the lI utility requirement ll portion of the analysis.

2. Estimated mineral industry loads (except for petroleum and
related industry) for the year 2000 were adopted as APA's IIhigher
range ll estimate, with estimates for 1980 and 1990, reflecting antici
pated minimum lead times for developing the resources involved. The
mid-range estimate assumes a 10-year deferral of the Department of
Economic Development1s projected growth scenario, and the lower range
estimate a 20-year deferral. .'

3. Power requirements assumed for Alaska petroleum and petro
chemical industries are smaller than estimates in the reference study,
based on expectations that most Alaska oil and gas production would be
exported during the period of the survey. For example, the mid-range
estimate assumes 7 percent of petroleum industry loads estimated in the
reference s·tudy.

4. A somewhat slower pace of development was assumed for forest
products industries.

All of the above qualifying assumptions, with the exception of No.
1 which had a neutral effect, were downward adjustments, decreasing the
estimates of the basic study. Specific industrial development assumed
for the study is presented in Appendix I, Part 2, Section G. Only
planned expansions to existing facilities and re~listically identifiable
new industry closely tied to proven resource capabilities were assumed.

365



Summary: When combined, the composite annual growth rates for the
projected power requirements are as indicated in the following table.

TABLE C-12

COMPOSITE ANNUAL GROWTH RATES FOR ELECTRIC POWER (PERCENT)

Table II of Section G, Appendix I, Part 2, provides the actual load
projections under the three growth scenarios. These figures are dis
played graphically in Graph C-4 and compared to the last decade's
historical growth rate of 14 percent projected to the year 2000.

1990-2000

3.0
7.0
4.0

1980-1990

20.2 1/
6.7 -
5.8

1974-1.980

12.4
9.6
7.5

Higher Range
Likely Mid-range
Lower Range

ESTIMATE:

1/ This high rate is caused by the assumed introduction of a 2500 MW
- nuclear fuel enrichment plant as an example of a possible large

industrial load. Without this load, the 1980-1990 growth rate
would be 9.3 percent and the following decade's would be 6.6 per
cent. No such load is assumed for the mid and lower range
projections. .
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GRAPH C-5
COMPOSITION OF ENERGY REQUIREMENTS THROUGH TIME

(MID-RANGE ESTIMATES)
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Graph C-5 depicts the relative shares through time of the three
demand sectors analyzed by APA. Utility system requirements "include
residential, commercial, light industrial , and industrial support
services needs. Industrial requirements are comprised of resource
extraction and processing, new energy-intensive industries, and heavy
manufacturi ng.



This graph clearly indicates that the prime determinants of future
energy needs are expected to continue to be residential, commercial, and
light industrial uses of energy. The energy use in these sectors is
primarily determined by energy use habits, population, and economic
activity. .

Energy Use Assumptions: APA has assumed substantial savings in
energy consumption due to increased efficiency and conservation in
energy use. Both of these effects are expected to result from imminent
and probabl e future increases in Al aska energy costs.

Population Assumptions: APA's population assumptions, based on a
wide range of State and Federal agency, as well as financial and academic
institution projections, tend to be somewhat conservative when compared
to the most recent projections which more adequately incorporate existing
economic realities. For instance, the Institute of Social, Economic,
and Government Research of the University of Alaska, employing a recently
formulated econometric model (the MAP model) and the most likely develop
ment scenario, predicts an annual populatjon growth rate of about 5

.percent for the Rai1belt area through 1990. Current MAP model as well
as National Bank of Alaska (NBA) population estimates both exceed those
earlier projections that were cited in the 1974 Alaska Power Survey,.
Table C-13 compares population projections based on a continuation of
1960-1970 annual growth.of 3 percent with MAP and OBERS estimates.
OBERS projections are prepared by the U.S. Departments of Commerce and
Agriculture for the U.S. Water Resources Council.

TABLE C-13

STATE POPULATION ESTIMATES (1000's)

1960 1970 1975 1980 1990 2000

Actual
3 percent Growth
MAP
NBA

'OBERS (Seri es E)

226 302
(Alaska Power Survey)

386 (est.)
410
471
500
333

550
738

391

·740

438

OBERS projections are inappropriate for use in this study as a basis of
population estimation in Alaska as evidenced by the fact that the a,ctual
1975 Alaskan population almost equals the 1990 OBERS projection.

Economic Activity Assumptions: With regard to economic activity,
the MAP model agrees with APA's assumption of steady economic growth
follow·ing the present boom period. To 1980, gross product is projected
by the MAP model to increase at an annual rate of 7.0 percent in the
Anchorage-Fairbanks area, followed in the next decade by an annual,
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growth rate of 6.0 percent. National Bank of Alaska considers this a
somewhat conservative estimate.

Not all of the subregions will share equally in this growth. The
Anchorage-Cook Inlet subregion has been the focal point for most of the
State's growth in terms of population, business, services, and industry
since World War II. Because of its central role in business,' commerce,
and government, the Anchorage area is directly influenced by economic
activity elsewhere in the State. Present and proposed activities
indicate a high probability of rapid growth in the Cook Inlet area for
the foreseeable future. r1uch of this activity is related to oil and
natural gas development to include expansion of refineries at Kenai,
proposed LNG exports to the continental United States, and probable
additional offshore oil and gas production. The area will continue to
serve as the transportation hub for most of Alaska, and the proposed
capital relocation would provide additional impetus for growth.

Fairbanks, in the Tanana subregion, is Alaska's second largest
city, the tr~de center for much of Alaska's interior, service center for
two major military bases and site of the University of Alaska. Currently,
it is in the midst of a major boom connected with the construction of
the Alyeska pipeline. It is generally felt that postpipeline growth in
the Fairbanks area will be at a slower pace than that of the Cook Inlet
subregion. Major future resource developments in the interior and north
slope would have direct impact on the Fairbanks economy.

Like Fairbanks, the two major load centers of the Gulf of Alaska
subregion, Valdez, and Glennallen are heavily impacted by pipeline
construction. Longer range prospects indicate a more stable economy
associated with pipeline and terminal operations and with recreation.

Institutional Considerations: Energy projections for Alaska are of
necessity more speculative than those for more developed areas in the
rest of the country. This is due to the present relatively small
population and economic base and the very substantial influence that
political decisions will have regarding development of Alaska. National
energy policy, final land disposition, and capital relocation are
examples of institutional constraints which may significantly alter
future energy requirements. It is the effect of such influences that
largely accounts for the wide range in energy projections.

Conclusions: The higher range projection provided by APA is comprised
in the year 2000 of over 50 percent industrial use. This magnitude of
heavy industrial development is deemed too speculative to serve as a
basis for energy planning at this time. The lower range projection, on
the other hand, incorporates a composite growth rate for the remainder
of the 1970's too far removed from the present actual annual rate of
increase to be accepted as a best estimate of future energy use. In
general, the broad popul~tion and economic trends as well as the more
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.pecific energy use and economic development assumptions of the mid-
r:ange estimate reflect a realistic bala,,!cing of recent experience in
Alaskan energy consumption growth with expected future development and
more efficient use of energy. For these reasons, the mid-range energy
requirement projection furnished by the Alaska Power Administration has
been adopted as the basis for project planning.

It is recognized that by making assumptions about future population
and economic growth and then providing energy sufficient to sustain such
growth~ the initial projections may become a self-fulfilling prophecy.

·By presuming that energy needs must be met, the opportunity to use the
.provision of power as a tool to direct growth toward 'socially desirable

goals is foregone. In the absence, however, of any such generally
accepted growth goals, it seems highly presumptuous to do otherwise than
plan so as to satisfy the energy needs required to sustain that level of
future development deemed most likely.
, .

rROBLEMS AND NEEDS

Problems and needs of the Railbelt area which are associated with
water and related land resource development cover a broad range of
economic, environmental, and social concerns. Spec~fic items identified
from expressions of governmental agencies, of industry, of special
~nterest organizations, and of private citizens include:

The projected need for increased supplies of electrical energy;.

A need for reduction or prevention of flood damages;

A need for improved small boat and deep-draft navigation conditions;

A need for increased municipal water supply;

A need for future supplies of .irrigation water;

. A need for reduction and prevention of air pollution in Fairbanks
Anchorage;

The need to conserve and enhance fish and wildlife resources;

for additional recreational opportunities for the

The preservation and maintenance of the "Alaskan way of life;"
,jncluding prevention of further population growth, prevention of

.gdditional industrialization, and cessation of expansion of urban

.areas;
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The national desire to achieve energy independence from foreign
sources; and

The national desire to conserve nonrenewable resources.

It would be highly presumptuous to assume that a specific water
resources project could fulfill all of the desirable water related needs
of a community; furthermore. although the potential for fulfilling
specific needs may exist. the economics or social impact of attempting
to use the water resource as a panacea for the needs may be detrimental.
It is. therefore. necessary to evaluate individual needs to determine if
they are in the best interest of State and National objectives. and if
they can be reasonably fulfilled by a specific water resource develop
ment. In this respect. it may be desirable to fulfill specific objectives
which may require incompatible water usage. Therefore. the extent to
which desirable functions of a multipurpose project could be developed
is highly dependent upon which various purposes are compatible. The
economic. social. and technical implications of satisfying the above
needs through water resouree or land-related development is briefly
discussed below.

Power' Needs: Historically~ most electrical generation in the Railbe1t
area has been through the firing of fossil fuel turbines; however. as
pointed out earlier in this text. the abundance of available hydropower
coupled with our ever-shrinking fuel supplies makes the demand for long
range power planning imperative. Recent power growth rates have been in
the neighborhood of 14 percent annually. and although these rates are
projected to decline to 7 percent beyond 1980. the year 2000 total
Railbelt power requirements are estimated to be 15 million megawatt
hours energy and 3.170 megawatts peaking capacity. The need for addi
tional power was made apparent by the 1972 U.S. Senate Committee on
Public Works resolution to study means for development of power resources
within the Railbelt area. Electrical power development is obviously a
need 'which could be satisfied by water resource development.

Flood Control: Development along the Susitna River consists of roads
and bridges with some urban areas in the. lower reaches of the major
river system. Present damages occur from bank erosion in contrast
to overbank flooding. With the upper reaches of the river controlled.
greenbelt areas can be established which will support orderly develop
ment placed beyond the reach of flood or the threat of erosion.

From the standpoint of conventional flood protection. there has
been little recorded historical flood damage to be prevented or elimi
nated by development. The major area where some benefits could be
derived is in preventing occasional damage to the r.oadbed and bridges
of the Alaska Railroad and the local road system. Benefits would accrue
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both from savings in repair costs and economic costs resulting from
delays to traffic while repairs are underway.

Recreation: The steady growth of the tourist industry has been enhanced
by the development of areas that were previously inaccessible by common
transportation modes. One of the most p.opular tourist attractions
within the entire State is the Mount McKinley National Park, which is
within close proximity to both population centers and the Upper Susitna
River Basin. As the population centers continue to grow, additional
recreational facilities would be desirable to the tourist trade, and the
road access and lake development of the upper Susitna River could enhance
recreational potential.

Conservation of Natural Environment: Running counter to most develop
ment programs is the need to preserve a portion of our environment in
its natural state. Of principal interest are areas having some unique
scenic or environmental character, although it may be desirable to
preserve other areas in their natural state as well. In evaluating the
development of a stream such as the upper Susitna, it is necessary to
determine if it has some unique character which possibly should be
preserved and whether ,there will be adequate areas of a similar nature
remaining undisturbed in this general geographic area. Development of
the Susitna River would certainly alter a portion of the river from its
original state. Associated human encroachment of the surrounding
terrain could also be expected, and hence it should be anticipated that
total conservation of the natural environment would not be possible.
There are opportunities, however, to enhance portions of the environment
through engineering measures and good land management. Furthermore, if
one considers that virtually all development has an impact on the
natural environment, then obviously there isa range of severity asso
ciated with the various forms of electrical development. Water resource
development is generally a clean power source and while the natural
environment may not be totally preserved, at least m~n would have the
0Ji>portunity to view a terrain which had been previously inaccessible.

Navigation: Although the possibility for.enhancing the navigability of
the Susitna River exists, the associated requirements for channel
improvements necessary for deep draft far outweigh the present benefits.
Future development within the Railbelt may increase the desirability of
the Susitna River as a transportation mode, but, in general, this .
purpose would not be considered compatible with the main and proven need
for power production.

Irrigation: The need for irrigation water presumes a level of agri-
. cultural development which is not now planned or foreseeable. In
?addition, there are presently numerous opportunities for development of

irrigation water which could be more economically feasible than upper
Susitna River development.
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Municipal Water Supply: The needs for municipal water supply can be
more economically solved by other means. This need is not considered
one which the recommended plan should attempt to address.

Preservation of liThe Alaskan Way-of-Life": The"Alaskan way-of-1ife" is
self-induced and is apparently defined by a specific date on which the
lifestyle was very desirable. The lifestyle has changed considerably
over t~e past few years with the general trend toward enhancement of
standard of living. The regretab1e inability to gain quick access to
wilderness appears to be a function of the growing population that
desires this luxury. The best solution to this problem would be con
trolled growth. ·To preserve the Alaskan lifestyle by halting growth of
all forms at the present level is beyond the authority of the Corps of
Engineers and is, therefore, beyond the objectives of this study.

Air Pollution Reduction: Almost all energy resources which require some
form of heat for electrical generation impart heat, water' vapor, and
chemical impurities to the surrounding air. The problem in Fairbanks
has reached hazardous proportions and some form of relief is necessary.
Both Anchorage and Fairbanks receive some forms of air pollution from
existing electrical generating units. The conversion to hydroelectric
could help diminish existing pollution levels in both cities, and could
forestall the date when new thermal plants would be required to meet the
ever-increasing energy demand.

Conservation of Nonrenewab1e.Resources: The present national objective
for conservation of nonrenewable resources could be partially met by the
large abundance of Alaskan natural energy sources. One-third of the
freshwater runoff of the entire United States is found in Alaska, as
well as scores of untapped sources of hydroelectric power. In addition,
Alaska has abundant potential for development of geothermal, wind, and
tidal resources. Hydroelectric appears desirable for development when
measured in terms of environmental impact, and economic feasib-i1ity as
compared to conventional thermal generating plants presently in.operation.
Although the technology associated with the other sources of renewable
energy is not at the present level as that of hydropower, these other
energy sources may be a major source of electrical power "in the near
future.

National Energy Independence: Similar to conservation of nonrenewable
resources, an enormous contribution toward the national objective of
energy independence could be made by Alaska. The Prudhoe Bay gas and
oil fields will contribute to this goal as will anticipated oil
reserves from outer continental shelf oil explorations. Development
of the renewable Alaskan energy sources could free additional fossil
fuels for "Lower 48" use. It may even be feasible to transmit Alaskan



hydropower via transmission lines to midwestern population centers.
Development of renewable and nonrenewable Alaskan resources could have
a profound effect on our need for national energy independence.



POSSIBLE SOLUTIONS

GENERAL

Solutions considered in this investigation to meet electrical needs
in the Southcentra1 Rai"lbelt area were grouped in three major categories:
alternative sources of power; alternative hydropower sources in the
Railbelt area; and alternative hydropower plans in the upper Susitna
River Basin. The extent of study given to each potential solution was
established by first screening each alternative for suitability. appli
cability, and economic merit in meeting needs. Each alternative was
tested for physical. political. financial, institutional, economic,.
environmental. and social feasibility. Continuous coordination was
maintained with area State and Federal agencies which have related
interests. Alternative measures considered for power purposes are as
follows:

Alternative Sources of Power

No Growth
Coal
Natural Gas and Oil
Nuclear Power
Geothermal
Solar
Wind and Tidal
Wood
Intertie
Solid Waste
Hydropower

Alternative Hydrologic Basins in Southcentra1 Rai1be1t Area

Yukon River - Rampart Dam
Copper River - Wood Canyon Dam
Chakachatna River - Chakachamna Dam
Bradley River - Bradley Lake Dam
Susitna River

Alternative Hydropower Plans in Upper Susitna River Basin

Devil Canyon
Watana
High D.C. Dam (Henry J. Kaiser Company's

Susitna I damsite)
Devil Canyon - Denali
Devil Canyon - Watana

. Devil Canyon - Watana - Denali
Devil Canyon - Watana - Vee - Denali
4-Dam Kaiser Development
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" These alternatives were screened on the basis of preliminary
estlmates of response to the basic water resource planning objectives of
NED (economic viabil ity) and EQ(contributions to environmental qual ity).
~.j,Hhin the NED considerations, in addition 'to the purely economic factors,
such items as technical feasibility (Can it be done with existing tech

'nology?) and scale (Does it do too little or too much?) were considered
important. Within the EQ considerations, in addition to positive contri
butions to environmental factors, a lack of adverse effects was considered
sighificant. ,The intent and effect of this brief screening was to rule
out impracticable and marginal alternatives leaving a small number of
th~better possible solutions to be studied and evaluated in detail.
The following discussions summarize the preliminary evaluation.

ALTERNATIVE SOURCES OF POWER

. No Growth: Restricting the growth in power demand and altering ~nergy
pricing policies are political decisions that cannot be addressed in
this report with any authority. However, any adopted policy signi
ficantly reducing industrial consumption of energy would have to consider
the living standard which depends on energy consumption. It would also
be necessary for a policy to restrict population growth and to apply to
all forms of energy to be effective. This alternative would achieve the
maximum poss"ibleconservation of nonrenewable resources and have minimal

'.adverse envi ronmenta1 effects. However, in the presence of the pro
ejected trends in population and energy consumption growth and in the
absence of any indication of the required social and political atmosphere,
the alternative is not considered realistic. Integral to any plan to
res~rict load growth would be a program to reduce waste and improve
effici~ncy of electrical energy usage. However, this is a desirable and
perhaps necessary measure regardless of what alternative is adopted.
The ,Alaska Power Administration recognizes this in their load projections,
assuming supstantial demand savings through conservation programs and
increased efficiency in use of energy.

Coal is the most abundant fossil fuel in the nation. Southcentral
'Alaska has two extensive deposits.' The Beluga River area, northwest of
Cook Inlet, contains coal reserves of at least 2.3 billion tons or,
energy-wise"an equivalent of almost 6 billion barrels of oil. Develop
ment of Beluga coals would enhance possibilities for coal-fired power
generation at reasonable cost. Coal resources in the Nenana Fields in
the Southcentral Railbelt south of Fairbanks near Healy, Alaska, are
eVen more extensive than the Beluga River reserves, totaling at least 7
billion tons.

I~ many cases, the major obstacle to increased coal usage is the
problem of removing the high sulfur content in order to meet air quality
stand~rds when the coal is burned. Other problems include environmental
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impacts associated with strip mining, such as surface disturbance, waste
material disposal, chemically active water discharge, post-mining
restoration, and transportation of the coal. The Bel~ga coals have low
amounts of sulfur but have high ash and water content•. Considerable
refining would be needed for use of this coal in power generation.

The coal alternative could be available on about the same time
frame as other major new power sources such as hydropower and, possibly,
nuclear power. Baseload thermal plants could probably be utilized in
the Railbelt area by the 1980's. Coal-fired plants should also be given
consideration in remote areas ~hich could be supplied by water trans
portation.

In the absence of major hydro development or the discovery of
additional gas reserves, the future Railbelt power system would probably
shift from oil- and gas-fired power units to coal as their principal
energy source. The coal plants would either be conventional steam or
steam and gas turbine units located near the Beluga and Nenana coal
fields. The use of coal as a source of energy is a viable alternative.

Natural Gas and Oil: Following the 1967 Department of Interior report,
Alaska Natural Resources and the Rampart Project, most studies by Federal
agencies and area utility companies focused on the Cook Inlet supplies
of natural gas and, more recently, on pipeline fuels for Railbelt power.

Cook Inlet natural gas is a clean fuel. Few serious air pollution
problems exist for gas-fired units; however, the extent of gas reserves
is not known at this time. Gas turbine exhaust is noisy, although noise
suppression equipment can reduce this impact at a price. Energy conser
vation aspects of gas-fired units may become significant because existing
turbines have low efficiencies and give off visible water vapor emissions
during the colder winter months. Also, nitrogen emissions could be of
significant concern for the very large gas-fired plants which would be
needed.

Existing plans for the Cook Inlet area include additional large.
advanced-cycle gas turbine units at Beluga and additional turbines and
waste-heat recovery units in Anchorage. The Fairbanks area utilities
plan additional turbine units using pipeline fuels. Near future plans
include a number of measures to increase efficiency of existing units,
including use of the advanced-cycle and waste-heat-recovery units.

Cook Inlet natural gas has provided low-cost power benefits for the
surrounding area in the recent past and, with substantial reserves under
contract, should handle area power requirements for several more years.
Also, additional reserves may be found in future exploration to meet
future demands. To assume that there will be substantial increases in
cost for future oil and gas supplies appears reasonable as United States
domestic reserves decline, worldwide demand increases, and foreign oil
prices remain high.
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Planning of measures to meet future en~rgyneeds should factor in
'h~gher costs for fuels, especially for oil and gas, and should antici
~ate nati ona ~ efforts to develop a1terna ~i ve energy sources ~hat ~ i mit .
the use of 011 and gas for power generatlon. These factors lnvalldate
~any previous power planning studies which are premised on assumptions
of.c~eap, long-range oil and gas fuel sources.
1."( ~

Alaska power systems now depend On oil and gas for about 60 per.cent
o'f total energy production, and by 1980, about 90 percent of the State's
e:1ectric energy will come from these fuels. Estimated 1972 fuel use for
Alaska's power systems included 1.4 million barrels of oil and 16 billion
cubic feet of natural gas. The use would increase to about 26 million
b'arrels of oil and 134 billion cubic feet of natural gas annually (if
~vailable) by the year 2000 in meeting the midrange consumption level
~Stimates.

A concentrated effort to develop alternatives for power generation
:slJch as coal, hydro, and eventually nuclear power coul d resul tin
(substantial reduction in demand for oil and natural gas. The lead times
~nd large investments required to develop these alternatives reinforce

. lttie point that oil and natural gas must supply near future requir-ements .

..' The availability of oil and gas in Alaska could "improve if more
:reserves and facilities are developed. However, there is no longer any-
'reason to anticipate that Alaskan oil and gas will provide an abundant,
';cheap energy source for the long term. These fuels will be expensive;
\if for no other reason, because there wi 11 be pressures to export the
'resources to areas where higher prices can be obtained for their use in
petrochemical industries. The present use of oil and natural gas as a
,source of electrical energy is viable for Alaska; however, a higher and
hetter future use of these resources can be made and, in all probab-il ity
'will be. Therefore, oil and natural gas-fired generation is not con
)ideredto be a viable alternative.

"Nuclear: The use of nuclear power as a commercial electrical energy
:,source for the nation is expected to increase considerably by the year
'1985. Adverse environmental impacts are associa~ed with surface and
.~ubsurface mining of uranium, changes in land use, disposal of waste
~heat, risk of accidents, and disposal of highly radioactive wastes. In
"spite of these factors, more than 50 percent of the electrical power of
~~he nation is expected to be generated by nuclear power by the year
~2000. By that time, breeder plants, which produce additional fuel while
,~t,hey produce power, will hopefully be available to take over a larger
~~hare of the production of electricity. Possibly at some time in the
':"ext century, nuclear fission plants and proposed nuclear breeder plants
~Wil1 be replaced by nuclear fusion reactors.
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Nuclear power should be considered a likely long-range source of
baseload power for the Railbelt area, but is generally considered a
distant option because of size of power markets, cost and environmental
factors, and the availability of more favorable coal and hydro alterna
tives. The foreseeable future for nuclear power generation in Alaska
should become materially more favorable only if there is a breakthrough
in costs and technology of small-sized plants.

Geothermal: Geothermal resources may eventually provide significant
power generation in Alaska; the Southcentral Railbelt area has substantial
geothermal potential. Some of the possible problems associated with the
generation of electrical power from geothermal resources include siting
of facilities, brine disposal, corrosion, air pollution, thermal pollution,
water pollution, land subsidence, and possible earth tremors. This
resource could also provide usable side products such as heat, water,
and chemicals. This source of energy is not considered a reasonable
short-term alternative to other more proven types of power generation
because of the relatively primitive level of present technological
development and high costs.

Solar: The radiant heat of the sun is another renewable source of
energy that has considerable potential for generating power in the
nation and the world. Practical use of solar energy to produce elec
trical power on a large scale is primarily a question of developing the
technology to generate and to store large amounts of electricity pro
duced by the sun's radiation. A major disadvantage wherever such
development is present is the large 'land area required for reflector
installation to provide usable amounts of power and thus the large
environmental disturbances inherent in such change in land use. During
the winter, a second concern, especially in Alaska, is that when demand
for electrical power is greatest, the sun is either absent from or at
best a brief visitor to local skies. Solar power generation is not
considered a feasible planning alternative for Alaskan power systems in
the near future. Opportunities exist for utilizing solar heating systems
asa supplementary source of energy for water and space heating. This
could ultimately serve to reduce demand for other forms of energy,
including electricity. However, it would not reduce the need for
generating capacity because full power system peak loads would probably
develop on days when solar energy could not contribute much usable
energy and the full water and space heating needs would have to be met
with electricity or other back-up systems.

Wind and Tidal: Research and development proposals for wind generators
should improve future capabilities of wind-powered electrical generating
systems. With increased diesel fuel costs, wind-generated electrical
power is a possible alternative power source for remote areas with small
loads. The alternative is not considered feasibile for provision of
large amounts of energy at this time. . '

The Cook Inlet region of Alaska experiences one'of the 'larger tidal
ranges of the world, giving it a potential for the generation of electrical
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energy from a low head reversible hydro plant. Tidal power, however, in
the absence of multiple storage reservoirs, is only available during
lunar-solar tide peaks which do not coincide with the normal daily
peaking requirements. Such an installation would require a low dam
spanning the full width of the Inlet, a massive cost item in itself, as
well as a deep draft lock system to allow commercial vessel access to
the Anchorage port. The dam would change the entire flow regime of Cook
Inlet with a significant potential for extensive adverse effects on
major ecosystems. Additional major effects would include intensified
ice pack conditions in the upstream pool with potential for significant
adverse impacts on the Anchorage waterfront. Further study of either of
these alternatives is not deemed justified for this report.

Wood: In parts of southeastern Alaska, wood is used to fire steam-gener
ating power plants. Alaska does have vast forest reserves that could be
used; however, these same trees have far higher and better alternative
uses in wood, paper, and other industries •. In addition, the esthetic,
ecological, and environmental impacts of the large harvests necessary to
allow production of large amounts of energy appear to be massive.
Further study of this alternative is not deemed justified for the report.

Intertie: Instead of producing the required power in Alaska, excess
power from Canada and/or the "Lower 48" could be imported by a transmis
sion system interconnecting with the sources. However, there is no
evident excess of power available to make such a development feasibile.
FUrther study of this alternative is not deemed justified for this
report.

Although interconnection with Canada or the contiguous United
States is not presently justified, the possible benefits which would
accrue by interconnecting the Anchorage and Fairbanks load centers will
increase as the energy demand of the two areas increase. Interconnection
of existing super load systems throughout the world have revealed a
multitude of advantages including flexibility, economic potential and
highersys tern re1iabi 1i ty. Interconnecti on of the Anchorage and Fa i rbanks
load centers could lead to cooperative long-range planning to allow
efficient scheduling of additional generating plants. This in turn
could lead to revenue savings through shared reserves and through inter
area energy sales to take advantage of the cost differential of producing
energy in the two load centers. Side benefits which could be realized
could include enhancement of total system reliability, added flexibility
in scheduling facilities maintenance, and at least the capability to
eliminate or minimize unnecessary duplication of staff facilities.
Because short range investment requirements for interconnection of
Anchorage and Fairbanks are relatively large in comparison to initial
~enefits, an area transmission intertie is not now suggested. However,
if the two load centers were interconnected through the incidental
development of a natural energy resource to be shared by the two load
centers, then obviously some of the above mentioned benefits could be
realized.
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Solid Waste: The use of solid wastes was proposed by the Alaska Center
for the Environment as an alternative source of energy at the public
meeting held in Anchorage on 29 May 1975. There does not appear to be
an adequate supply of solid waste, products in the Railbe1t area to
produce enough energy to meet anticipated load growth. This alternative
is not considered feasible to meet the full energy needs of the Railbe1t
area. However, it might serve as a source of supplemental energy and
should be pursued further at the local level.

Hydropower: The reconnaissance report on potential development in the
State of Alaska made in 1948 by the U.S. Bureau of Reclamation included
hundreds of potential power development sites located throughout the
five study regions of the State: Southeast, Southcentra1, Yukon-Kuskokwim,
Seward Peninsula, and Arctic. Many of these sites are located near the
Fairbanks and Anchorage market areas. The large amount of the available
renewable resource which could produce electric power has the potential
to meet the energy needs of the Southcentra1 Rail beIt area.

ALTERNATIVE HYDROELECTRIC POTENTIAL IN THE SOUTHCENTRAL RAILBELT AREA

Yukon River-Rampart can~on Dam: The proposed site for the Rampart
Canyon Dam is on the Yu on River, approximately 140 miles northwest of
Fairbanks, Alaska. The project has one of the largest hydroelectric
potentials in North America. The plan would include a reservoir with a
water surface area of approximately 10,600 square miles, a maximum
length of 280 miles, and a maximum width of about 80 miles. The project
would provide firm annual energy of 34.2 billion kilowatt-hours (the
energy equivalent of over 58 million barrels of oil per year). However,
substantial adverse environmental impacts could result to fish and
wildlife in the Yukon Flats area.

The tremendous financial investments, the large environmental
impacts, the limited opportunities for marketing the enormous amounts
of power, and availability of favorable, less costly alternatives are
major considerations in evaluation of the Rampart project at this time.
In view of these considerations, Rampart is not considered appropriate
at this time. .

Copper River-Wood Canyon Dam: The proposed site for the Wood Canyon Dam
is about 85 miles above the mouth of .the Copper River in the Chugach
Mountains of southcentra1 Alaska. A "high dam" proposal would develop
firm annual energy of 21.9 billion kilowatt-hours. A "l ow dam" plan
would provide 10.3 billion kilowatt-hours of firm annual energy.

The construction of either dam at Wood Canyon would force reloca-
tion of two communities and would create serious ~nvironmental problems
affecting both fish and wildlife values, especially to the large salmon
runs on the Copper River. Unless the problem posed to migrating salmon
could be solved satisfactorily, the project would have an extremely adverse
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effect on the major commercial fishing industry in a wide area of the
Gulf of Alaska. This alternative is not considered feasible at this
time.

Chakachatna River-Chakachamna Dam: The site for the proposed Chakachamna
Dam is located on the Chakachatna River, which drains into the west side
of Cook Inlet approximately 65 miles west of Anchorage. The facility
wou1dgenerate 1.6 billion kilowatt-hours of firm annual energy. The
project would require the erection .ofadditional transmission facil ities
over difficult terrain to tie into a Southcentral Railbelt transmission
system and the construction of a costly 11-mile tunnel for power genera
tion. The adverse environmental impact would be substantially less than
from many proposed Alaskan hydroelectric projects; however, the low firm
energy output and high costs compared to other available alternatives
render this alternative economically unattractive at this time.

Bradley Lake: The site for this proposed hydroelectric project is at
Bradley Lake on the Kenai Peninsula at the head-of Kachemak Bay. The
facility proposed would generate 0.4 billion.·kilowatt-hours of firm
annual energy and could serve as a southern peaking installation for a
Southcentral Railbelt power system. There would be a minimum of adverse
environmental impacts associated with this proposed project.· If an
economically feasible plan can be developed for Bradley Lake, the
project could be integrated with future development of the Susitna River
basin. By itself, the alternative can produce only a small portion of
the future energy requirements. I

Susitna River: Surveys for potential hydropower development in the
Susitna River basin were reported by the Corps of Engineers in 1950 and
by the U.S. Bureau of Reclamation in 1948, 1952, 1961, and 1974. The
1952 USBR report indicated 12 potential hydropower sites in the basin;
of these, the 5 damsites studied in the upper Susitna basin showed the
highest potential. These studies showed -the environmental impact from
projects in the Upper Susitna River Basin would not be as severe as
tho~e from other basins, and the firm energy potential could contribute
substantially to satisfying the needs of the Southcentral Rai"lbelt area.
A plan and profile of the potential damsites within this basin are shown

'onPlates C-5 and C-6.

ALTERNATIVE UPPER SUSITNA HYDROELECTRIC PLANS

Eight plans for hydroelectric development of theSusitna River
basin were studied for this report. A brief narrative of each alterna
tive plan follows.

Devil Canyon: The possibility of a single-dam development of the upper
Susitna basin located at the Devil Canyon damsite was investigated. The
prQPosed 635-foot-high thin-arch dam would have a water surface area of
abQut 7;550 acres at the normal maximum pool elevation of 1,450 feet,
m.s.l.
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Watana: The proposed single-dam development of the upper Susitna basin
located at the Watana site would be an earthfill dam with structural
height of about 810 feet. The reservoir would have a normal maximum
pool elevation of 2,200 feet, would have surface area of approximately
43,000 acres, and would extend about 54 river miles upstream to a point
between the Oshetna and Tyone Rivers. .

High D.C. Dam: In September 1974, Henry J. Kaiser Company prepared a
reassessment report proposing an alternative hydroelectric development
project on ~he upperSusitnaRiver~ The report proposes an initial
project consisting of an 810-foot-high, concrete-faced, rockfill dam
1ocated abou t 5 miles upstream from the Dev i1 Canyon site.

Devil Canyon-Denali: Thi·salternative two-dam system would include the
thin-arch concrete dam at Devil Canyon, and a 260-foot-high earthfill
dam in the vicinity of Denali. The Denali dam would provide storage
only and would have no powerplant.

Devil Canyon-~~atana: Thi s al ternativetwo-dam system would incl ude the
concrete dam at Devil Cqnyon plus theearthfill dam at Watana. Both
projects would have powerplants, and Watana would provide the seasonal
storage for the .system.

Devil Canyon..,.Watana-Denali: This plan is basically the same as the
preceding one, but with the addition of the Denali storage project.
Addition of Denali to the system would require an additional 54,000
acres of land for the reservoir.

Dev"il Canyon-Watana-Vee-Denal i: This is the system proposed by the
Bureau of Reclamation in its 1952 report on hydropower resources of the
Upper Susitna River Basin. The USBR recommended initial development of
Devil Canyon Dam plus the upstream storage reservoir at "Denali; further
development would include earthfill dams at the Watana and Vee Canyon
sites between the two initial dams. In this system, the height of the
Watana dam would be 515 feet and the height of the Vee dam would be 455
feet. .

ALTERNATIVES CONSIDERED FURTHER

Of the 11 basic alternatives initially considered, only two--coal
fired thermal and hydropower--show promise of meeting increased Railbelt
area load in the late 1980's and 1990's. Of the hydro alternatives, the
upper Susitna River developments show the most promise. In the next two
sections, an analysis will be made to evaluate the power potential of
the eight proposed alternatives and to determine which are best from the
standpoint of economics.
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HYDROPOWER ANALYSIS

METHOD OF ANALYSIS

icope: As discussed in the preceding section--Possible Solutions-
several hydro projects in the upper Susitna basin were considered worthy
of further study. Simulated operation studies were made to determine
the power potential of these projects, both singly and in combination.
In addition to power optimization, consideration was given to filling

.,rate schedules and flow release requirements for fish, wildlife, and
recreation. This section describes these studies and the basic assump

~tions that went into the studies.

Glossary: The following terms are defined.
'·-;r

Energy:

Average Energy: The average amount of energy produced each
year by a hydro project over a specific period of operation or study.

Firm Energy: Electric energy which is required to be available
at all times.

Prime Ener : The maximum energy expressed in average kilo
'watt-hours or megawatt-hours) that can be produced at a hydro project
'during the most critical streamflow period. Prime energy would serve to

cmeetfirm energy loads.

Secondary Ener~: Electric energy having limited availability.
,In good water years a hyd'ro plant can generate energy in excess of its
;prime energy capability. This excess energy is classified as secondary
energy because it is not available every year, and varies in magnitude
in those years when it is available.

Usable Energy: The amount of energy generated by the hydro
gsystem for which there is an apparent market.

Capacity:

Installed Capacity: The rating of the generators at design
head and best gate available for the production of saleable power.

Dependable Capacity: The assured peak load-carrying ability
,~'of a plant or system under adverse water conditions for the time interval
dand period specified when related to the characteristics of the load to
-;besupplied, expressed in kilowatts (or megawatts).

Reserve Capacity: Capacity in excess of that required to
carry peak load and whic~is available to meet unanticipated demands for
power or to generate power in the event of scheduled or unscheduled
outages.

385 ,



Power Values:

Capacity Value: That part of the at-site or at-market value
of electric power which is assigned to dependable capacity. This is
based on the amortized investment costs and fixed operating costs of the
most economical alternative power source.

Energy Value: That part of the at-site or at-market value of
electric power which is assigned to energy. This is based largely on
fuel and variable operating costs for the most economical alternative
power source.

At-Market Value: The value of hydroelectric'power at the
market as measured by the cost of producing the equivalent power by the
most economical means and delivering this power to the market.

At-Site Value: The value of power at the site of the generating
station as measured by the at-market value minus the cost of transmission
facilities and losses from generating station to market.

Head:

Critical Head: The head at which the nameplate installed capacity
can be produced at full-gate opening.

Design Head: . The head at which the turbine will operate to
give the best overall efficiency under various operating conditions.

Rated Head: The head at which a turbine will deliver maximum
generator capacity at full gate.

Reservoir Criteria:

Drawdown: The distance that the water surface of a reservoir
is lowered from a given elevation as the result of the withdrawal of
water.

Adverse Water Conditions: The most adverse sequence of flows
from the standpoint of hydro system energy production. This sequence is
a function of the amount of reservoir storage available and the power
system load requirements and is usually determined by testing the full
record of historical streamflow conditions.

Operating or Power Year: For purposes of this report a
12-month period beginning 1 October.

Critical Period: The interval of time when hydro energy
production is limited by adverse water conditions. The period begins
with reservoir(s) full and ends with reservoir(s) empty just prior to a
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sequence of flows which will refill the reservoir(s). Average energy
produced during the critical period is called prime energy.

Critical Period Storage: The amount of water in storage which
could be drafted to augment the low natural flows associated with the
critical period.

Storage Refi 11 Peri od: The peri od of time requi red to refi 11
reservoir following the critical period draft.

Dead Storage: The amount of storage within the reservoir
which lies below the minimum elevation to which the reservoir surface
could be lowered. The minimum reservoir surface elevation is a function
of the head range within which the turbines are designed to operate at
greatest efficiency.

Usable Storage: The amount of reservoir storage which lies
within the elevations above the dead storage pool and below the full
reservoir pool. This storage is the water which is available to augment
natural streamflow during the critical period.

Power Terms:

P.D.L.: Power-on-line date.

Load Shape: Daily and annual load curves reduced to a petcentage
factor of a specified load. For example, it is common to "indicate the
monthly loads for both energy and capacity in percentage of annual
energy and annual peak loads.

Area Load Factor: The ratio of the average load over a
designated period to the peak load occurring in that period, for an
integrated load center.

Plant Factor: The load factor for a specific hydro project.

Load Center: A point at which a large share of the load of a
area is assumed to be concentrated.

Base Load: The minimum amount of load required 24 hours a

Peak Load: The maximum instantaneous load within a specified

Methodology: Power analysis of the study basin was based on the hydrologic
data available from the various stream gaging stations within the basin
above Gold Creek. The study period covered was the 25 years of record
for the Gold Creek station for the years of 1950 through 1974. The
three gaging stations with shorter periods of record were extended by
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correlation with the Gold Creek station, and damsite monthly flows were
estimated by extrapolation of the observed and computed gaging station
flows (see Section A of this Appendix). The analysis of the power
output for a multitude of schemes within the basin was accomplished by
analytical regulation using the "HEC-3 Reservoir System Analysis"
computer program developed by the Hydrologic Engineering Center, Corps
of Engineers, Davis, California. Final results were verified using the
"Hydro System Seasonal Regulation" computer program developed by the
North Pacific Division, Corps of Engineers, Portland, Oregon. The HEC-3
program was used because of the simplicity with which the system could
be regulated and the ease with which the program could be adapted to the
study conditions. Rule curves were established for maximum power output
in accordance with hydrologic and system conditions. The projected
energy load growth, the yearly energy demand shape, and the daily load
factors were provided by the Alaska Power Administration. Additional
information was provided by the Bureau of Reclamation. .

Power Production Variables: Many variables were considered prior to
commencement of the power study. A brief discussion of the assumptions
and variables used is presented in the following text.

Free Surface Evaporation: Included in the Hydrology Section are
rates of free surface evaporation and consumptive use. The figures show
that the reservoir evaporation is very nearly equal to the consumptive
use rate of the natural vegetation which would be inundated by the
reservoir. Accordingly, no adjustments have been applied to account for
evaporation and consumptive use.

Head Loss and Tailwater Elevation: . Power head losses were confined
to fluctuations in the tailwater elevations and to hydraulic losses
through the tailrace, turbines, and penstocks. Although the HEC-3
program is sufficiently refined for a tailwater rating curve, absence of
channel cross-sections didnot permit the calculation of the damsite
backwater. Penstock friction losses, although dependent upon discharge,
averaged approximately one percent of the difference between pool eleva
tion and tailwater. Consequently, the friction loss was assumed to be
one percent of the maximum head, while the tailwater elevation was based
on the average flow condition that could be expected. By adding the
friction loss to the assumed tailwater elevation, the following average
tailwater conditions were developed for use in the power studies.

Tailwater Elevations

Project

Devil Canyon
High D.C.
Watana
Vee
Olson

388

Tailwater Elevation (ft)

880
1030
1480
1925
875



ESTIMATED

SOUTHCENTRAL AND YUKON

PERCENT LOAD DURATION CURVE

INTERIM REPORT

SOUTH CENTRAL. RAILBELT

AREA, ALASKA
AL ASK A DIS TRICT

CORPS OF ENGINEERS
. JUNE 1975

40

,
, !

: I
: I

20 -i-i
i I

:1
. i

I
• !

o 20 40

0/0 TIME

389

60 100



Sedimentation: Impact from reservoir reduction caused by sediment
entrapment is dependent on the.system developed and sequence of con- .
struction. If Devil Canyon were built and no further upstream develop
ment were to occur, almost 55 percent of the initial total Devil Canyon
storage capacity would be occupied by sediment at the end of 100 years.
On the other hand, upstream development of the Watana project would
result in negl i gi b1e sil ta tion in the Devi 1 Canyon reservoi r, and heavy
buildup in the Watana reservoir. The percentage of volume reduction in
the Watana reservoir is dependent on the volume of the reservoir selected
for study. The 100-year volume reduction of the Watana reservoir that
would accompany a maximum pool elevation of 2200 feet is estimated to be
4.2 percent; however, much of the reservoir volume that would be occupied
by sediment is within the dead storage zone of the reservoir, and actual
reduction in power generation caused by silt encroachment is small. As
described in the Hydrology Section, the storage capacity curves for each
of the six projects were adjusted to account for 50-year sedimentation
and these curves were used for all operation studies.

Load Factors: Data presented by the Alaska Power Administration
(Section G) indicate that the integrated annual load factor for the
Railbelt area is close to 50 percent; for the purposes of analysis, a
50-percent load factor was used in the hydropower studies. It is assumed
the hydro system will carry a proportional share of the total system
load. The hydro plant generating installations were therefore based 'On
a 50-percent plant factor.

Market area monthly load factors are uniformly high throughout the
year, and range between 70 to 76 percent. Weekly load factors are
anticipated to reach 80 percent, and daily load factors have ranged
between 60 to 85 percent. Shown on Graph C-6 is the estimated percent
hourly load duration curve for the year 1975. \

The character of the projected demand profil e assumes a steady
industrial growth rate and a slight increase in the annual load factor.
It is assumed, however, that while the hydro system may proviqe much of
the baseload during the early years of operation, future thermal energy
development would push the hydro system higher on the· duration curve,
lowering the hydro system plant factor. Therefore, although the market
area load factor may increase during the economic life of the hydro
project. its project load factor is expected to diminish. With the
abundance of hydropower potential within the market area, it is possible
that hydropower, in lieu of thermal energy, may provide the bulk of
future Alaskan energy needs. If this were the case, the Susitna hydro
system could remain at a fixed position on the load duration curve and
the respective project plant factor would remain unchanged.

Throughout the rest of the country, hydropower utilization has
followed the former course of development, and there is good chance it
may eventually follow that pattern in Alaska also. To provide for this
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',Ss:fi;bility, future.s~udies s~ould evaluate the f~asibility for future
':s:tallation of addltlonal umts to permit an ultll1late plant factor less
an 50 percent. If additional units are deemed appropriate, then skeleton
;'5 should be provided during initial project construction.

'~,,'~ ~1onthl'y Energy Distribution: The monthly energy distribution, as
erived by the Alaska Power Administration, was developed in accordance
"Hh, present energy trends projected to reflect industrial growth within
"'eRailbelt area. Load distribution changes since 1961 have shown a
~ady increase in the requirements for the months of December and

a'nuary, and a decrease in summertime loads. This reflects a utility
;0ad growth heavily influenced by the peak·ing requirements of the com

mercial and residential sectors. Any addition to the industrial base
\\lJOllld tend to reverse this trend. Table C-14 shows the monthly load dis
tribution indicated by recent Railbelt utility statistics. Also shown
~is~\the APA recommended distribution for the current study, which assumes
"Harger industrial load component. The shape of the load curve reflects

..the, need for reservoir storage. Although nearly 65 percent of the
energy produced is estimated to be utilized in the seven months of
winter, between October through April, only 14 percent of the Susitna
streamflow occurs during the same time period. In order to meet energy
demand, the flow distribution of the river must be considerably altered,
and the need for a large amount of storage to accomplish this flow
control is apparent. .

Flow Requirements: Downstream flow requirements for recreational
se ana fish and wildlife enhancement have been considered in selection
,f the most attractive first-stage development. Although minimum flow
;.equirements necessary for environmental considerations below Devil
"anyon are not presently known, assessment of firm power reduction ~s a
lresult of varying release rates should be performed if minimum release
rates are imposed. Also considered was need for maintaining static
reservoir pool elevations for summer recreation and winter wildlife ,
migration. In the studies, pool elevations at the downstream reservoirs
,were usually maintained steady for the compatible uses of power production,
'recreation usage, and wildlife migration. Upstream reservoirs used for
storage releases were operated to fluctuate in accordance with power
demand, regardless of recreation and wildlife needs.

(Operation Procedure: Reservoir regulation was accomplished by allowing
storage releases as established by monthly rule-curves for each reservoir.
Six curves were developed for each reservoir, with each level in all
reservoirs operating for a given downstream control point. The first
rule-curve for each reservoir is minimum pool storage and the last is
full reservoir. Intermediate levels are used as a means of controlling
the distribution of storage within each reservoir. Reservoir regulation

.'entailed routing the 25 years of monthly streamflows through the proposed
'hydro system in an attempt to meet an assumed firm load as per Table C-14.
If the load could be met during each of the 300 monthly"streamflow
periods. a higher firm load was assumed, and another power run was made.

,This process was repeated until that load could be carried during all
but the last month of the critical period, thus establishing the system's
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Combined loads of CEA, AML&P. GVEA, and FMUS for the period
October 1970 through September 1972.

RAILBELT ENERGY REQUIREMENTS AS
PERCENT OF ANNUAL REQUIREMENTS

1961 1970-72 Recorrrnended
Devil Utility For Current

Months Canyon ]j Loads 2/ Studies 3/

October 8.9 7.9 8.0
November 9.4 8.9 8~8

December 10.4 10.2 9.7
January 9.3 11.3 10.6
February 8.1 9.2 . 9.0
March 8.3 9.8 9.4
April 7.7 8.0 8.1
May 7.6 7.2 7.5
June 7.2 6.5 6.9
July 7.4 6.4 5.9
August 7.7 7.1 7.4
September 8.0 7.5 7.7--
Total 100.0 100.0 100.0

JJ "bevil Canyon Project, Alaska," USER feasibility raper;. March 1951 •.
\

Y

~ Assumes total requirements consisting of 25 percent industrial
loads and 75 percent the above combined loads for the four major
utilities.



irm'annual load-carrying capability. For the scoping analysis the
~talled plant capacity of each powerplant was then established based
i?theannual 50-percent plant factor and the project firm annual energy
duced during the critical period. The selected plan installed capacity,
, ver, is based on average annual energy and the 50-percent plant factor.

owas decided not to use average annual energy as the basis for plant
~'acity in the scoping analysis because of the undue weight that this
±hod would give to single projects with limited reservoir storage and

¢~h secondary energy. Average annual energy was based on the average
*ergy produced by the selected generating capacity for the entire
eriod of record. The critical period for each system studied was
o~pendent on the storage capacity of the system and reservoir location.
~f(

POWER POTENTIAL OF ALTERNATIVE DEVELOPMENT

'.'ili£ernati ves Considered: Initial studies were based on determini ng the
'ptimum plan for full develop'!1ent of the upper Susitna River above Gold
Creek. rhree plans were consldered. .
, .~f:.

1. The USBR 4-dam plan: Devil Canyon-Watana-Vee-Denali

2. The High Watana 3-dam plan: Devil Canyon-High Watana-Denali

The Kaiser 4-dam plan: Olson-High D.C.-Vee-Denali

.. Difficult foundation conditions are present at both the Vee and
enali sites, and it was decided to evaluate alternative development
'hins wi thout Vee, Denali, or both. Thi s was done to permi t recom
endation of a first-stage development plan should it be considered
esirable to defer consideration of the Vee and/or Denali sites, pending
~rther evaluation of foundation problems.

'Both single-dam and two-dam first-stage development were consiuered,
neluding:

1. Devi 1 Canyon

High D.C.

Low Watana

Mid-Height Watana

High Watana

6. Devil Canyon-Denali

7. Devil Canyon-Low Watana

8. Devil Canyon-Mid-Height Watana

9. Devil Canyon-High Watana

39,3

69-736 a - 80 - 28



The various alternatives and their power potential are discussed in the
following paragraphs. While power studies were made for all of the
alternatives, full data is presented for only the most promising ones.

Full Basin Development:

Devil Canyon, Watana, Vee, Denali: The four-dam Bureau of Reclama
tion proposal consisting of Devil Canyon, Watana, Vee, and Denali, based

on the 25-year flow record adopted for this study, could produce 6.25
billion kilowatt-hours of firm annual energy. A summary of the four-dam
concept is shown on Table C-15 and a profile of the system is shown on
Plate C-7. An addition to the system could include the low-head Olson
Dam and powerp1ant three miles downstream from Devil Canyon damsite.
Olson Dam and reservoir would serve both for at-site power generation
and for reregu1ation of the daily releases from Devil Canyon. Olson Dam
would be concrete gravity, rising approximately 50 feet above the riverbed
and it would have an energy-producing capability of 300 million kilowatt
hours firm annual energy;

Devil Canyon, Watana, Denali: A three-dam concept consisting of
Devil Canyon, Watana, and Denali would make maximum use of potential
storage at the Watana site and, with good foundation conditions, the
height of the Watana Dam could be raised to an elevation that would
allow util ization of all but 100 feet of the potential powerhead between
the Vee and Devil Canyon damsites. As in the four-dam system, Olson
reregulation would' remain as a possible option. The three-dam system,
with a maximum Watana pool elevation of 2200 feet, would have a firm
annual energy capability of approximately 6.8 Dillion kilowatt-hours,
slightly greater than the four-dam USBR proposal. With the addition of
the ,generation capability of Olson, total system output of firm energy
would be 7.1 billion kilowatt-hours. This is considered to be the
ultimate practical basic development. Should economics indicate a
lesser Watana Dam height, a 650-foot structural height Watana Dam would
provide a system output of 5.9 billion kilowatt-hours. A profile of the
three-dam concept is shown on Plate C-8, and a summary of power production
data is shown on Table C-16.

Olson, High D.C., Vee, Denali: A third proposal (the Kaiser 4-dam
plan) consists of a low-head dam (145 feet) and powerp1antat the Olson
damsite, a high-head dam (710 feet) and powerplant at the High D.C.
damsite, five miles upstream from the Devil Canyon damsite, another
high-head dam and powerplant at the backwater of the High D.C. reser
voir, and a fourth dam at the Denali damsite. The success of the system
is dependent not only on a high structure for the second upstream dam, '
but also confirmation of a suitable damsite for the third upstream
structure. The Vee damsite is the only potential location for the third
upstream dam, and this would result in nonutilization of approximately
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two miles of riverfall between the second and third upstream reservoirs.
Because foundation conditions of the High D.C. damsite are unknown, its
selection, based only on topographic limitations, must be considered

.PJltimistic. The High D.C.. Dam can provide.only.half the storage capacity
..i.·~O'f the high Watana reserVOlr, although thelr helghts are comparable.

Consequently, power production for the High D.C. Dam is considerably
less than that of the High Watana Dam. By integrating the High D.C.

"Trito the four-dam scheme mentioned earlier, the system has a firm annual
capability of 5.9 billion kilowatt-hours. This is approx"imate1y 0.9
billion kilowatt-hours less than the three-dam system.consisting of

·Oevil Canyon, High Watana, and Denali. If the High D.C. Dam, because of
bad foundation conditions, were lowered to a structural height of 650

.,:feet, the energy capability of the system would be 5.0 billion ki10watt
OU'ho·urs. A profile of thi s four-dam concept is shown on Pl ate C-9, and

Table C-17 summarizes power data for the system with a High D.C. elevation
.of 1750 feet (structural height: 810 feet).

\S~\ ,

First-Stage Deve1orment--Single Project Alternatives: Power production
from a single dam irst-stage development in the Upper Susitna River
"Basin is limited by a fluctuating powerhead and lack of adequate storage.
A single-dam development would bear the total cost of the supporting
network of roads, transmission systems, and logistical development, and
would still be required to be economically attractive in the event tnat

_,' no further basin development were to occur. Under this criterion, the
. most feasible single dams in the Upper Susitna River Basin are those

which are high enough to take advantage of the large storage potential
of the broadening river valley in its upper reaches. Therefore, the

I elevations established for first-stage single-dam development were
chosen for maximization of height consistent with technology, topography,
and full basin development. /

Devil cantlon: The Devil Canyon Dam normal maximum pool elevation
was establishe~ by assuming that full basin development would include
the Watana Dam. The power generating characteristics for Devil Canyon
are shown below.

Devil Canyon Power Study

Project

Norm max res elev, ft.
Min power pool elev, ft.
Avg tailwater elev, ft.
Max generating head, ft.
Usable storage, Ac-ft.
Dead storage, Ac-ft.

Dependable capacity, mw
Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months
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Devil Canyon

1,450
1,275

880
570

810,000
290,000

206
103
170
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USSR ·FOUR-DAM SYSTEM

De v i 1
.____ .___ .______.__________ ______ ~;il~Y_o_'~__.______ Haj:il na Vee Denali Toti

No nnill ~'a xi 11itlIIl P001
Elcv. (ft ) 1450 1905 2300 2535

~lillillllllll Pm'/ef Pool
Llev. (ft ) 1275 1650 2111 2368

Active StorJ~le CilPil-
city (Ad t) 790,000 2,310,000 820,000 3,770,000 7,690,(

lJependable Cl pile i ty
(M\~ ) 702 425 300 1/

Adj IJS ted Til i 1\'/il ter
[lev. (ft) 880 1480 1925

C1- i tic ill Period Dc tober 1968 thru May 1971 (32 months)

Fi l'IlIAnnlJJl Energy
(Billion kWh) 3.077 1.860 1. 315 6.

!\vl'raqe !\nrwill Energy
(Bill ion kWh) 3.382 2.031 1.468 6. ,
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6.911

6.800

3.405

3.360

397

3.506

3.440

HIGH WATANA THREE-DAM SYSTEM

verage Annual Energy
(Billion kWh)

'drm Annual Energy
(B i 11 i on kWh)

Devi 1 High
Canyon Watana Denali Total

Normal Maximum Pool 1450 2200 2535
E1 ev. (ft)

inimum Power Pool 1275 1820 2368
hE1 ev. (ft)'

ctive Storage Capacity 790,000 8,125,000 3,770,000 12,685,000
(Acft)

bependab1e Capacity 785 767 1,552
(MW)

ojusted Tai1water 880 1,480
. E1ev. (ft)

October 1968 thru April 1974 (67 months)



KAISER FOUR-DAM SYSTEM

Olson High D. C. Vee Denali Total
r

Normal Maximum Pool 1018 1750 2300 2535
E1ev. (ft)

Minimum Power Pool 936 1430 2111 2368
E1ev. (ft)

Usable Storage Capacity 43,000 3,930,000 820,000 3,770,000 8,563,000
(Acft)

Dependable Capacity 187 862 298 1347
(MW)

Adjusted Tailwater 875 1030 1925
E1ev. (ft)

Critical Period October 1968 thru May 1971 (32 months)

Firm Annual Energy 0.821 3.775 1.304 5.900
(Billion kWh)

Average Annual Energy 0.915 4.156 1.440 6.511
(Billion kWh)
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High D.C.

1,750
1,430
1,030

720
3;930,000

800,000 -

600
300
382

32

D.C. High Power Study

Norm max res elev, ft.
Min power pool elev, ft.

tailwater elev, ft.
Max genera ti ng head, ft.
Usable storage, Ac-ft.
Dead storage, Ac-ft.

Dependable capacity, mw
Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months

Reservoir operation resulted in full pools by the end of October for
each of the 25 years except 2 during the critical period. Average
yearly head fluctuation was 110 feet, and spills occurred in 22 of the
study years.

Watana Low Dam 1905 feet elevation: Selection of a normal maximum
pool e evatlon at t e Watana site is, ependent upon the concept of full

;basin development. By selecting a pool elevation of 1905 feet, the Vee
damsite is available for a full-basin development consisting of four
dams. At this elevation, however, reservoir storage control at Watana
is not sufficient and upstream storage is required. This storage is
~vailable at the Denali site, assuming foundation conditions are deter
mined to be satisfactory, and the four-dam concept would be a very
~ttractive development. The Low Watana Dam could be considered for
first-stage construction in such a plan. As shown in the following
table, the generating head for-the Low Watana Dam is less than that of
Devil Canyon, but the larger storage volume at Watana allows production
similar to that of Devil Canyon as a first-stage development.

The Devil Canyon reservoir was operated strictly for power production,
and the reservoir f"illed and spilled during each year of the study ._

,~c>;pE~r od including the year of critical flow. Average yearly pool fluctua
on was 80 feet.

High D.C.: This proposal, located five miles upstream from the
Devil Canyon damsite, provides increased storage for a single dam
development but jeopardizes maximum basin development. The dam and
reservoir virtually eliminate the Devil Canyon and Wqtana damsites and
leave no opportunity for the devilopment of upstream storage capacity if
Denali foundation conditions preclude its development. Ultimate system
development could include projects at Vee and Denali, however, if foundq-
tion conditions permit. The potential of the High D.C. project is '
presented below.



Energy produced for various Watana pool elevations is shown on Graph C-7.
The power output from the Low Watana reservoir is very similar to that
of Devil Canyon. The reservoir filled for each year of the study, and
spills occurred in all years except the critical year. The average
yearly head fluctuation was 95 feet.

Watana Hi h Dam 2200 feet elevation: A normal maximum pool
elevatlon 0 2 00 eet or t e atana am is possible since rock con
ditions at the Watana site are adequate for an 810-foot-high dam. The
high Watana reservoir would flood the Vee damsite and thus preclude use
of that dam system development. The study helped establish the ele
vation for which Watana either singularly or in conjunction with system
development would optimize system development. A summary of the High
Watana is given in the following table.

Low Watana Power Study

Project

Norm max res elev, ft.
Min power pool elev, ft.
Avg tailwater elev, ft.
Max generating head, ft.
Usable storage, Ac-ft.
Dead storage, Ac-ft.

Dependable capacity, mw
Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months

High Watana Power Study

Project

Norm max res elev, ft.
Min power pool elev, ft.
Avg tailwater elev, ft.
Max generating head, ft.
Usable storage, Ac-ft.
Dead storage, Ac-ft.

Dependable capacity, mw
Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months
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Watana (1905 ft.)

1,905
1,650
1,480

425
2,310,000

170,000

252
126
177

7

Watana

2,200
1,820
1,480

720
8,125,000
1,300,000

686
343
382

32
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The operation of the Watana reservoir revealed that the reservoir filled
every year except during the 3-year critical period, and spills occurred
in 19 of the years. Average yearly pool fluctuation was in the range of
100 feet.

Watana Midrange Height (2050 feet elevation): The Watana Dam of
medium elevation provides good storage potential, allows full-basin
development in accompaniment with Devil Canyon and Denali, but again
precludes use of Vee. If Denali could not be built for technical or
economic reasons, a large percentage of the full-basin potential could
still be produced by the Devil Canyon and Medium Watana Dams. The
following table summarizes the results of the operation study.

Medium Height Watana Power Study

First-Stage Deve1opment--Two-Dam Alternatives: Power production from a
two-project first-stage development is a logical alternative toward
full-basin development. The most feasible schemes studied were those
consisting of a downstream project with a large power head coupled with
an upstream project with a large storage capacity. Good power production
was obtained from schemes consisting of either Devil Canyon, Watana, or
Vee in conjunction with storage releases from Denali. As mentioned
earlier, however, Denali foundation uncertainties exist, but for compa
rative purposes, the Devil Canyon-Denali system is presented for review.
Consideration of other upstream reservoirs with large storage capacities
were, therefore, limited to the Vee and Watana damsites. Good storage
could be developed at the Vee damsite, but topographic constraints and
backwater encroachment on the Lake Louise recreation area, as well as
foundation conditions at the damsite, make this project unfeasible for
large storage development at this time. The Watana project then becomes
the logical choice for large storage development. This site could
provide in excess of 11 million acre-feet of storage with a structural
dam height of 860 feet. The reservoir would inundate less acreage than
the Denali reservoir, but the storage capacity would be approximately
three times as great as that of Denali.

Watana

2,050
1,740
1,480

570
4,575,000

625,000

457
228
297

32

Proj~c!

Norm max res elev, ft.
Min power pool elev, ft.
Avg tailwater elev, ft.
Max generating head, ft.
Usable storage, Ac-ft.
Dead storage, Ac-ft.

Dependable capacity, mw
Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months
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SYSTEM ENERGY OUTPUT
DEVIL CANYON WITH WATANA

1900

7.0

INTERIM REPORT

SOUTHCENTRAL RAILSELT

AREA, ALASKA
ALASKA DISTRICT

CORPS OF ENGINEERS
JUNE 1975

403

I··
i
;
.]
i,

I , ,

3.0 4.0 5.0 6.0

SYSTEM ENERG~ OUTPUT (BILLION KWHR)

i ! 1

i '

NOTES:

1. DEVIL CANYON POOL ELEVATION 1450 FT.

2. WATANA MAXIMUM POOL ELEVATION RAISED

2100

1700
2.0

1800

2200,.-..
I
w
w
u.........,.

. z
o
l
e:{

>
W
-l
W

-l

g 2000
0..



404

The Devil Canyon reservoir refilled each of the 25 years of study, and
Denali refilled in 13 of the 25 years. Average annual Devil Canyon pool
fluctuation was 175 feet, and the average annual Denali pool fluctuation
was in the range of 40 feet.

Devil Canyon-Low Watana: The Devil Canyon-Watana combination was
studied for the three Watana elevations mentioned under the previous
section. A plot of the firm and average annual energy that can be

Presented below are power studies representing first-stage develop
ment of Devil Canyon-Denali and Devil Canyon-Watana. By assuming
possible future development of the Denali damsite, the Devil Canyon
Watana scheme was studied with dam heights that would allow total basin
development consisting of three or four projects.

Devil Canyon-Denali: The Devil Canyon Dam normal maximum reservoir
elevation was established at the maximum height that would not encroach
upon the tailwater of the upstream Watana damsite. The Denali Dam
normal maximum reservoir elevation was optimized for the most feasible
four-dam power output. By raising the Denali maximum pool elevation
15 feet, from elevation 2535 to elevation 2550, the resulting power
production increase from the system was only four percent. The incre
mental cost increase was not recaptured by this proportional power
benefit and, therefore, the Denali Dam with the lower pool elevation was
used. The power analysis of this two-dam system was based on rule
curves that made maximum potential use of the active storage in both
reservoi rs. The Denali reservoi r was heavily drafted during the months
of low flow and it was allowed to refill during the four summer months
of high inflow. Until the Denali reservoir filled, summer flow releases
were held to the minimum flow release of 100 cfs. It was assumed that
local inflow to the river below Denali combined with the 100 cfs release
would be adequate for fish habitation. The Devil Canyon reservoir was
drafted each spring to make room for storage of the summer runoff and to
allow Denali to refill prior to the next winter.

Devil Canyon-Denali Power Study

4,510,000
340,000

575
285
377

32

System

2,535

Denal i

3,770,000
80,000

Devil Canyon

1,450
1,275

880
570

740,000
260,000

575
285
377

Norm max res elev, ft.
Min power pool elev, ft.
Avg tailwater elev, ft.
Max generating head, ft.
Usable storage, Ac-ft.
Dead storage, Ac-ft.

Dependable capacity, mw
Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months

Project



obtained by increasing the Watana elevation for the Devil Canyon-Watana
combination is shown on Graph C-8. The maximum pool elevation used under
this power study, 1905 feet, allows for a full-basin development con
sisting of four dams. The system operation for the Devil Canyon-Low
Watana is shown below.

3,100,000
430,000

730
365
512

19

SystemWatana

1,905
1,650
1,480

425
2,310,000

170,000

270
135
190

1,450
1,275

880
570

790,000
260,000

460
230
322

Devil Canyon

Devil Canyon-Low Watana Power Study

Devil 'Canyon-Midheight Watana Power Study

Project

.
With the exception of the most critical year, both reservoirs filled to
capacity each year.' The severity of the Devil Canyon pool f1 uctuati on
has been drastically reduced. Although the Devil Canyon pool attained
maximum fluctuation during the most critical year, average pool fluctua
tion during the remainder of the years was only 8 feet. The Watana pool
had an average annual drawdown of 160 feet.

Devil Canyon-Midheight Watana: A summary of the Devil Canyon
Midheight Watana operation is presented below. Power produced from this
system is 75 percent of that obtained from the four-dam system. The
medium height Watana Dam is compatible with a three-dam full-basin
~evelopment. The large storage potential of the Watana reservoir
iillowed Devil Canyon to maintain a full-pOOl elevation with the only
fluctuations taking place during the critical period. Average annual
'Watana pool fluctuation is 125 feet.,,,J,,

Devil Canyon Watana System

Norm max res elev, ft. 1,450 2,050
'Min power pool elev, ft. 1,275 1,740
ffivg tailwater elev, ft. 880 1,480
Max generating head, ft. 570 570
psable storage, AC-ft. 790,000 4,550,000 5,340,000
Dead storage, AC- ft. 260,000 650,000 910,000

Dependable capacity, mw 594 468 1,062
Firm annual energy, mw-yrs 297 234 531

, Average energy, mw-yrs 361 282 643
Critical period, months 32
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'Norm max res elev, ft.
Min power pool elev, ft.
Avg tailwater elev, ft.
Max generating head, ft.
'Usab1e storage, Ac-ft.
Dead storage, Ac-ft.

.Dependable capacity, mw
'Firm annual energy, mw-yrs
Average energy, mw-yrs
Critical period, months



Devil Canyon-High Watana: A summary of the Devil Canyon-High
Watana system operation is shown below. The large storage capability of
the High Watana reservoir provides almost 100 percent river control, and

"the consequential maximization of firm energy.

Devi 1 Canyon-Watana Power Study

Project Devil Canyon Watana System

Norm max res elev, ft. 1,450 2,200
Min power pool elev," ft. 1,275 1,820
Avg tailwater elev, ft. 880 1,480
Max generating head, ft. 570 720
Usable storage, Ac-ft. 790,000 8,125,000 8,915,000
Dead storage, Ac-ft. 260,000 1,300,000 1,560,000

Dependable capacity, mw 695 709 1,404
Firm annual energy, mw-yrs 348 354 702
Average energy, mw-yrs 388 394 782
Critical period, months 32
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SYSTEM DEVELOPMENT EVALUATION

The purpose of this section is to outline the basic assumptions
u~ed in making the economic analysis and to reduce the large number of
alternative Susitna River hydro.development plans to a few of the more
promising through a preliminary economic evaluation.
;r.'<

Evaluation of the upper Susitna River development was accomplished
By comparing the total of the incremental benefits for each separate
reservoir purpose to those of the accompanying costs. The benefit value
of hydroelectric power is measured by the cost of providing the equiva
l~ntpower from the most likely alternative source, as determined by the
federal Power Commission. Although alternative projects are assumed to
-l>enon-Federally financed, the coping analysis was made using the federal
fJnancing Power Values developed by FPC. Flood control, area redevelop
'm~nt, and transmission intertie benefits were estimated by the Alaska
District, Corps of Engineers, and recreational benefits were provided by
a'consultant. However, because power and AR benefits represent over 99
percent of total benefits, the preliminary scoping analysis was based
entirely on these benefits. Project costs were based on the January
1975 Alaska Construction Index •
.t\;"

The feasibility test entailed the evaluation of maximization of net
benefits consistent with engineering judgement.

'i ;

The cost of providing equivalent power from the most likely alterna
tive source, but based on financing comparable to the Federal project-
the same interest rate and without taxes and insurance--is used in
project formulation and scoping. This is in compliance with. the method
Ology contained in Principles and Standards for p'lanners, as published
fn Federal Register 1973, Volume 38, Section 134, which requires that

•. projects meet the test that there is no more economical means, evaluated
C}n,a comparable basis, of providing project services.
i' ;

.... PROJECT AND SYSTEM COSTS
" t'-,

P'roject Costs: Presented in Table C-18 is a summary of the project
¢osts of the more feasible projects considered under the seoping analysis.
Adetailed cost estimate of the projects included in the selected plan
i.scontained in Section B of the Appendix. In addition to the cost
~stimates shown, rough estimates were made for an 01 son project with a
~020-foot maximum normal pool elevation, and a Vee storage project with
~2350-foot maximum normal pool elevation.
, ~..,

"Interest During Construction (IDC): For the purpose of the scoping
analysis, the construction period of the first project of each system
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11 Reconnaissance grade estimates

PROJECT COST ESTIMATES

.'

($1000)

668,000
420,000
877,000
628,000

1,088,000
. 837,000
1,153 ,000 ~

907,000
714,000 .
432,000
380,000 11

1,266,000 
477,000
527,000 11
340,000 -

Construction
Costs

1st Added
2nd Added
1st Added
2nd Added
1st Added
2nd Added
1st Added
2nd Added
1st Added
2nd Added
2nd Added
1st Added
2nd Added
2nd Added
2nd Added

Construction
Seguence

Pool
Elevation
(ft. ~1SL)

1905
1905
2050
2050
2200
2200
2250
2250
1450
1450
1020
1750
2300
2350
2535

Project

Watana
Watana
Watana
Watana
Watana
Watana
Watana
Watana
Devil Canyon
Devi 1 Ca nyon
01 son
High D.C.
Vee
Vee
Denali



analyzed was assumed to be five years, and IDC was based on the formula
of simple interest applied to each increment of the averaged annual
'first 'cost.

System Annual Costs: The simple interest charge on money obligated
~during the construction period of any project is considered a logical
tost of the construction phase and is added to first cost to establish
the investment cost. This investment cost can then be transformed into
an average annual fixed cost by applying the appropriate capital recovery
factor associated with the 6-l/8-percent interest rate and lOO-year
economic' project life. Average annual costs of projects brought on line
beyond the initial power-on-line date are computed in this same manner,
but the combined cost of the project and the interest during construction
are first present worthed at the established interest rate back to the
initial power-on-line date. This process is designed to give all phases
of the system an equivalent value and the combined phases can then be
reduced to a level annual payment. By adding operations, maintenance,
and replacement costs, a total annual cost is established for the
purpose of determining comparability and feasibility.

Operation, Maintenance, and Replacement Costs (OM&R): Annual OM&R costs
were estimated by comparison of the system size and operation with those
of existing hydro systems. For the preliminary scoping analysis, the
basic amount of $1 million per power project and $0.2 million per non
power project was used for the estimated annual OM&R costs. The annual
OM&R cost for the selected plan is based on the re$ults of the APA
study, which is contained in Section G. .

Total Average Annual System Costs: The average annual costs for the
various systems of development are shown on Table C-19. The figures
are based on a 6~1/8-percent annual interest rate and a 100-year eco
nomic life. A more detailed discussion of the method of cost derivati.on
is presented in Section B. The costs also reflect the sequence of
project construction as shown, transmission facilities, access roads,
land acquisition, replacement costs, annual operation and maintenance,
and other associated project costs.

POWER BENEFITS

General: The benefit value of hydroelectric power is measured by the
cost of providing the equivalent power from the most likely alternative
source. The types of alternative power sources appropriate for the
Railbelt area and the annual unit costs for those alternatives have been
determined by the Federal Power Commission. The amount of power avail
able from the various alternative hydro projects and systems was deter
mined in the previous section, Hydropower Analysis. The energy and
capacity-producing capabilities of these projects and systems were
adjusted to account for transmission losses and marketability considerations.
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AVmAGE ANlIUAL ALTERNATIVE SYSTI!I'I COSTS
SCOPI\«; ANALYSIS

Interest Aversge AIl1lUlll Tots1
During Investment Investment . Average Annual Average Annual

System of Development Construction Cost Cost OH&R Costs
($1,000) ($1,000) ($1,000) ($1,000) ($1,000)

Devil Canyon, Denali, Vee (2300), Wetana (1905) 214,701 1,616,825 99,291 3,200 102,491
Devil Csnyon, Denali, Vee (2350), Watana (1905) 218,927 1,648,651 101,245 3,200 104,445

High D. C., Ulson, Denali, Vee (2300) 295,775 2,227,366 136,784 3,200 139,984

Devil Canyon, Watana (2200), Denali 233,297 1,756,868 107,891 2,200 110,091
Devil Canyon,' Watana' (2050), Denali 209,519, 1,577 ,803.· 96,894 2,200 99,094
Devil Csnyon, Watana (1905), Denali 185,855 1,399,595 85:950 2,200 88,150

Devil Canyon, Watana (2250) 212,522 1,600,423 102,336 2,000 104,336
Devil Canyon, Watana (2200) 204,558 1,540,449 94,600 2,000 96,600

~
Devil Canyon, Watana (2050) 180,780 1,361,384 83,604 2,000 85,604

.- Devil Canyon, Watana (1905) 157,116 1,183,176 72,660 2,000 74,660
0

Watana (2250), Devil Canyon 4/ 225,702 1,699,678 104,379 2,000 106,379
Watana (2200), Devil Canyon - 215,748 1,624,7,25 99,776 2,000 101,776 .
Watana (2250), Devil Canyon 183,440 1,381,416 84,834 2,000 86,834
Watana (1905), Devil Canyon 151,437 1,140,413 70,034 2,000 72,034

Devil Canyon, Denali 148,014 1,114,634 68,451 1,200 69,651

Devil Canyon 109,331 823,331 50,561 1,000 51,561

High D; C. 193,856 1,459,856 89,651 1,000 90,651

Watana (2200) 166,600 1,254,600 77 ,046 1,000 78,046
Watana (2050) 134,291 1,011,291 62,104 1,000 63,104
Watana (1905) 102,288 770,288 47,304 1,000 48,304

Notes:
1. Number in parenthesis represents the normal maximum pool elevation of that project.
2. Average Annual Investment CosU computed at 6-1/8 percent over. ·100 years.
3. Project stapns in sequence .. shown and each project vas a88uaed to have a five-year construction time.
4, See Selected Plan for Final Coat EBtilutes.



ower Ca abilities: Gross power generating capabilities of the various
. ternative proJects and systems are summarized on Table C~20. The
ependable capacity of each project and system evaluated was determined

iby dividing the firm energy by the appropriate plant factor (50 percent).
Although the dependable capacity for the selected plan is based on a
winter minimum head during the critical period, for system comparison it
was assumed to be available at the absolute minimum drawdown.

*ransmission Losses: Line losses for the Railbelt transmission system
were estimated using data furnished by the Alaska Power Administration.
fn the preliminary analysis, all systems evaluated were assumed to
incur four~percent losses for capacity, and one~percent losses for

·~nergy. More precise transmission losses were developed for the selected
"plan by the Alaska Power ·Administration, Section H. In both cases, the
~Tosses were subtracted from the energy and capaci ty capabi1i ti es of the
tsystem prior to derivation of benefits. The transmission losses estab~
9ished for the selected plan are given in the Selected Plan portion of
this section.;" t,:;" , .
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POWER GENERATING CAPABILITY OF
ALTERNATIVE HYDRO PROJECTS AND SYSTEMS

UPPER SUSITNA RIVER

At-Site Hydro Capabilities __ At-Market Hydrp Capabilities 1
Dependable Firm Seconda
Capacity . Energy Energy

(MW) (106 mwh) (106 mw

1370 ~~ 6188 623
1490 - 6732 110
1293 5841 605

6250
6800
5900

1427
1552·
1347

Dependa6Te Finn Secondary
Capacity Energy Energy

(MW) (106 mwh) (106 mwh)

629
111
611

USBR 4-Dam Plan
High Watana 3-Dam Plan
Kaiser 4-Dam Plan

Total Basin Development

ollo-N
First Stage-Single Dam

Devil Canyon
High D.C.
Low Watana
Mid Watana
High Watana

205
594
228
479
101:t

900
2600
1000
2100
~loo

750
600
750
550
ji"o

197
570
219
460
;'78

. ,891
2574

. 990
2079
30l>Q

743
594
743
545
3~7

First Stage-Two Dam

Devil Canyon - Denali
Devil' Canyon - Low Watana
Devil Canyon - Mid Watana
Devil Canyon - Hig.h Watana

571
731

1062
1427

2500
3200
4650
6250

700
1270
1000
550

548
702

1019 2/
1370-

2475
3168
4604
6188

693
1257

990
545

y
!I

Values include 4 percent capacity transmission losses and 1 percent energy transmission losses.
e-

See Table 27 for power capabilities based on Average Annual Energy.



The total amount of firm energy which could be marketed, including both
lOad growth and thermal displacement, is estimated to be 75 percent of
the Railbelt utility load (Section G). '

'" ,The marketability of secondary energy is less certain, particularly
i~ the first five years of project life. The fact that it is available
ohly in the low-load summer months limits its usability. If Devil
Canyon were to be constructed first (or alone), the amount of seconrtary
available during those summer months is relatively large (PlateC-lO), ,
'and it would be difficult for the system to absorb that amount of energyin the early years. If a storage project is constructed first or added
tb a system including Devil Canyon, much of that secondary energy would
be converted to firm energy and the magnitude of the remaining secondary
would be such that it could be more readily absorbed (Plate C-11).
Beyond 1990, the load growth is such that most of the secondary energy
could be absorbed under any conditions. APA's marketability analysis
ihdicates that a limited amount of secondary energy is marketable prior
to'1990, and that the full amount is marketable following 1990 (except
as 1imited by the restriction that the total energy marketabl e in any
given year cannot exceed 75 percent of the Railbelt utility load).

" To simplify analysis during the preliminary scoping studies, it was
assumed that the full energy output (prime pl us secondary) was market
,ia~le, in accordance with the APA projections of load growth and thermal
e}:iergy displacement. ' ,

" Federal Power Commission's estimate of how much capacity can be
absorbed in the Railbelt area from 1985 through 1993 is contained in
Appendix 2. This estimate assumes some retirement of old thermal, but
assumesmuch of the thermal, operating in 1985 will continue to be available.
Alaska Power Administration estimates a larger percentage of the existing
tbermal will be retired or placed in cold reserve; their estimate of
u~able capacity again being up to 75 percent of the total Railbelt
,utility load. Table C-21 lists usable capacity estimates of both APA
,aQcj FPC. In the economic analysis, the more conservative FPC estimate
~w~s used. However, for purposes of comparison, an analysis of the selected
plan was alsomade using APA's estimate of usable capacity.

Power Values and Alternative Costs: The basic power values and alterna-
tive costs for the Susitna system were developed by the San Francisco
R~gional Office of the Federal Power Commission. Copies of their letters,
~ted 12 August 1975, and 20 August 1975, furnishing power values and
~lternative costs, are included in Appendix 2. Power values were'divided
into two components, the dependable capacity value and the energy value.
T~xes and insurance costs, as applicable, are included in the power
pue. The method of analysis used by the FPC in developing power
~,],':,ues is presented in HRdroelectric Power Evaluation, by the Federal
~wer Commission, dated arch 1968.
~"<;<

r,c;"

413



414

USABILITY OF POWER FROM UPPER SUSITNA
HYDRO PROJECTS

11 FPC extended their estimate only to the point where 1233 MW could
be absorbed. 1233 MW is the overload capacity of the Devil Canyon
Watana system that was being considered when FPC's estimate was
made. In the analyses, usable capacity was estimated for years
beyond 1993 by extrapolation.

790
850
900
960

1030
1110
1170
1240
1320
1400
1490

117
213
328
449
575
765
932

1110
1280 1/
1450 T/
1640 T/

Dependable Capacity, MW
FPC Estimate APA Estimate

3450
3690
3955
4235
4540
4860
5150
5470
5800
6150
6510

Annual Energy, 106 kWh
APA Estimate

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995



It was assumed by FPC that output from the Susitna River hydro
stem would be utilized by the two major Railbelt area load centers in

,.e ratio of 25 percent to Fairbanks-Tanana and 75 percent to Anchorage
~nai-Cook Inlet. This allocation is based on load projections for the
;~ar 1985. In computing power values, it is assumed that without Susitna
j-ver hydropower, the loads of the Rai"lbelt area would be met with
~eparate thermal power installations to serve the two load centers.

Federally-financed thermal plant alternative costs were based on
the 6-1/8-percent interest rate, and public non-Federally-financed
alternative thermal plant costs were computed at 6.25-percent interest
rate for the Anchorage-Kenai area and 5.95-percent interest rate for the
Fa; rbanks area. .

Selection of the most attractive alternative to hydroelectric power
.within the State of Alaska is a function of fuel availability, load
requirements, and construction costs. Within Alaska, the large known
reserves of coal and natural gas make these fuels relatively inexpensive
for electric power production. Conversely, construction costs are
extremely high.

Consideration of alternative projects in the contiguous United
States would find nuclear plants being the most attractive alternatives
for baseload projects, combined-cycle plants for the approximate annual
capacity factor range of 10 to 30 percent. and combustion turbines for
annual capacity factors below about 10 percent. However, because of the
relatively high construction costs of nuclear plants compared to fossil

.fuel plants and the fact that relatively small alternative thermal
. plants would be required to meet local area load growth. fossil-fuel
thermal plants are a more economital source of baseload power in Alaska
than nuclear plants. S-ince the annual plant factor of the Susitna
project is estimated by APA to be 50 percent, the baseload fossil-fuel
plants would be the most attractive alternative.

,

. This is the system that has been chosen for the Fairbanks market
area; however. the availability of natural gas within the Cook Inlet
area makes the cost of combined-cycle gas plants the most economical
alternative for the Anchorage load center at the present time.

Present FPC policy discourages utilizing natural gas plants as
r,alternatives to hydro projects in the contiguous United States, but not

in Alaska~ FPC recognizes, however, that other Federal or State agencies,
may impose restriction~ on the future usage of natural gas or oil for
electric power generating purposes in Alaska. This, combined with
limited natural gas reserves and possible fuel price deregulation, makes
the future use of natural gas for electrical power generation tenuous.
Therefore, in addition to power values based on gas-fired combined-cycle
plants for the Anchorage area, FPC has also provided Anchorage area
power values based on a coal-fired steamplant.
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Power values based on coal-fired steamplants for electrical power
generation in both the Anchorage and Fairbanks load centers have been
adopted in this study for derivation of power benefits. The abundance
of usable coal reserves within the Anchorage areas and the questionable
future electrical power resource represented by the natural gas, make
the coal power values an obvious selection. Worldwide shortages of
energy have resulted in increased interest and competition for Cook
Inlet natural gas. Of the 6.9 trillion cubic feet of known natural gas
reserves in Cook Inlets as of December 1974, 55 percent of that total
had been committed to State, nationals and international users. A
summary of the known reserves, as compiled by the U.S. Bureau of Mines s
and reported in Open File Report 35-74, is presented on Table C-22. Also
shown are the committed reserves compiled by the Alaska State Department.
of Natural Resources. It is estimated that at the present use rate, the
entire Cook Inlet natural gas reserve would be exhausted by 1996, and
for electrical generation purposes s available reserves beyond the year
1984 would be insufficient for gas turbine capacity expansion. Further
more, the use rate acceleration presently being experienced could further
shorten the depletion time of known reserves: (1) the Philips Marathon
liquification plant which presently transports Cook Inlet gas to Japan
is now planning to sell additional gas to Northwest Natural Gas Company
in Portland; (2) Pacific Alaska LNG Company has applied to FPC for a
permit to liquify and transport gas to Los Angeles Harbor at a total
project cost of approximately $1.2 billion. The use of Prudhoe Bay gas
is years away, with wellhead prices estimated at not less than $0.50 per
MCF. and transportation costs estimated at $1.05 per MCF at the Canadian
border. The alternative to Alaska natural gas usage within the Anchorage
load center is the power which could be generated from the Beluga coal
fields which has an adequate supply of accessible coal to fuel Anchorage
needs for at least the 100-year economic life of the proposed Susitna
hydro system. The Beluga field is in the same location as the alter
native gas generation plant.

In support of the assumption that coal will be the primary electrical
energy fuel source within the Railbelt area beyond the year 1985 are
public statements from representatives of two of the largest electric
utilities within the State of Alaska. The manager of Chugach Electrical
Association, Anchorage-based and largest electrical utility in Alaska s
stated in a speech to the American Society of Mi.litary Engineers on
30 October 1975, Ft. Richardson, Alaska, that his company loods to the
Beluga coal field as literally the sole fuel source for post~1985 electricaO
power generation. It was further revealed that Cook Inlet natural gas
reserves allocated to Chugach Electrical Association could very possibly
be exhausted by 1990. This, in the absence of new accessible gas dis
coveries, leads Chugach to its present state of planning for future Beluga
coal development. Similarly, the Golden Valley Electrical Association
(GVEA) foresees coal as the continuing electrical power generating fuel
in the Fairbanks area. The position of GVEA was presented during the
8 October 1975 Fairbanks Public Meeting on Upper Susitna Hydropower
Development in which their representative made the following statements
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IIlf the Corps does not go ahead with the Devil Canyon-Watana project,
very clearly, if their intent is not very clearly known by 1978, then
Golden Valley Electrical Association will have to make a firm commitment
to go to some alternative method. And, the only sensible alternative
method that appears feasible at this time would be to go into the Nenana
coal fields and build one, and then a second 84,000-kilowatt coal-fired
steam generation unit. 1I

The subsequent economic evaluation will be conducted using the
power values derived from coal-fired steamplants for both the Anchorage
and Fairbanks load centers. The scoping analysis, for comparability,
w"ill be based on both public non-Federally financed and Federally-financed
alternative power values, and the final' economic analysis of the selected
plan will be based on public non-Federal financing. For the purpose of
comparison, the benefits-to-cost ratio of the selected plan will be
computed using both coal and gas power values for the Anchorage area.

Fairbanks Power Values: The at-market power value for the Fairbanks
area is based on estimated cost of power from an alternative source
described as follows: a coal-fired generating plant with 150-MW total
capacity consisting of two 75-MW units; heat rate, 12,000 Btu/kWh;
capital cost, $640 per kilowatt; service life, 35 years; and coal cost
of $0.60 per Billion BTU. Also included in the power values is a 10
percent hydro-steam adjustment made to reflect the ~reater reliability
and flexibility of hydro generation.

Anchorare-Kenai Power Values: The two alternative sets of at-site power
values or the Anchorage-Kenai area are based on systems described as
follows.

(1) Combined cycle generating plant with 450-MW total capacity
consisting of four 112.5-MW units (one combustion turbine and one steam
turbine per unit); heat rate, 8,500 Btu/kWh; capital cost, $235 per
kilowatt; service life, 30 years; natural gas (operating) cost of $0.70
per million BTU; distillate oil (standby) cost of $1.75 per million BTU;
and a five-percent hydro-steam adjustment.

(2) A coal-fired generating plant with 450-MW total capacity
consisting of three 150-~1W units; heat rate, 9,800 Btu/kWh, capital cost
$585 per kilowatt; service life, 35 years; coal cost of $0.50 per mil'jion
BTU; and a 10-percent hydro-steam adjustment.

The results of the computed power values are summarized as follows:
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COOK INLET NATURAL GAS RESERVES AND COMMITTALS

11 December 1974

FIELD RESERVES COMMITTAL UNCOMMITTED--
Kenai 2,400,000 ~1MCF 440,000 MMCF Alaska Pipeline

1,038,000 MMCF Collier Chemical
400,000 MMCF Socal-Arco
228,000 ~1MCF LNG

2,106,000 M~1CF 294,000 MMCF

:. North Cook Inlet 1,500,000 MMCF 532,000 MMCF LNG 968,000 MMCF... McArthur River 800,000 r-1MCF 87,000 MMCF Pacific Lighting 713,000 MMCFco
Beluga River 973,000 MMCF 373,000 MMCF Chugach Electric

600,000 MMCF Pacific Lighting
973,000 MMCF -0-

Beaver Creek 400,000 MMCF 113,000 MMCF Pacific Lighting 287,000 MMCF
Swanson River 300,000 ~1MCF 300,000 MMCF
Sterling 200,000 M~1CF 200,000 MMCF
Miscellaneous 395,000 MMCF 395,000 MMCF

TOTALS 6,968, 000 ~1r,1C F 3,811,000 MMCF (55%) 3,157,000 MMCF (45%)

Pacific Lighting 800,000 MMCF Committal, 11% of Total Reserves



Value of Power

Type of Financing
Public-Non-Federal 1/ Federal

(Price level-of 1/1/75 )

Dependable Usable Dependable Usable
Market Area Fuel capacit1 Energy capacit1 Energy

($/kW-Yr (Mi 11 sl kWh) ($/kW-Yr (Mills/kWh)

45% Annual Capacity Factor

.Fairbanks 96.95 7.89 89.49 7.89
Anchorage-Kenai

Coal-fired Alter-
native 86.15 5.42 75.78 5.42

Combined Cycle
Alternative 46.89 6.43 41.93 6.43

51.8% Annual Capacity Factor

Fairbanks 98.32 7.84 90.84 7.84
Anchorage-Kenai

Coal-fired Alter-
native 87.13 5.36 76.77 5.36

Combined Cycle
Alternative 47.78 6.37 42.79 6.37

1/ Composite REA and Municipal

Composite Power Values: By applying the FPC assumption that the power
utilization of the hydro system would be distributed in the ratio of 75
percent to the Anchorage-Kenai area and 25 percent to the Fairbanks
area, composite values were derived for both the energy and capacity
values. The values determined in this manner are shown below.
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Composite Value of Power

Detailed computations of benefits for the Devil Canyon, Denali,
Vee, and Watana four-dam system are shown on Table C-23. Similar detailed
computations for the remaining systems were performed; however, in order

5.98

6.80

6.74

6.03

Usable
Energy

(Mi lls/kWh)

54.80

79.21

53.82

80.28

Dependable
capacit)

($/kW-Yr

5.98

6.80

6.03

6.74

Usable
Energy

(Mills/kWh)

89.93

Type of Financing
Public-Non-Federal 1/ Federal

(Price level-of 1/1/75)

88.85

59.38

60.42

Dependable
capacit)

($/kW-Yr
Ma rket Area'

Combined Cycle
Alternative

Combined Cycle
Alternative

45% Annual Capacity Factor

Coal-Fired Alter
native

51.8% Annual Capacity Factor

Coal-Fired Alter-
native

1/ Composite REA and Municipal

The FPC computed power values for the two plant factors, 45 percent
and 51.8 percent. The 45-percent plant factor is the alternative to
Devil Canyon without upstream storage and 51.8 percent for Devil Canyon
Watana. Since subsequent analyses have based installed capacities for
all plants on a 50-percent plant factor, the closest FPC values, the
51.8-percent plant factor values, were used in all analyses.

Derivation of Power Benefits: Annual power benefits were computed for
each of the systems, including both first-stage and full-basin development.
Because in some systems the initial power-on-line is in excess of community
needs, benefits during the early years of operation were limited by the
Railbelt area capacity and energy growth rate (see previous discussion
under Credit for Energy and Capacity). Therefore, benefits were computed
for each year covering the 100-year life beginning with the 1985 power
on-line date. This was accomplished by present worthing each year's
benefits to composite lifetime benefits that were then converted to an
equivalent annual amount at the discount rate of 6-1/8 percent.
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to minimize the bulk of supporting material, they have not been included
in this report.

OTHER BENEFITS

Recreation: Rationale for recreational benefits is contained within
Section r of this Appendix. The analysis concluded that an estimated
77,000 recreation days could be anticipated for the power projects in
the year 1985. Of these. 70 percent would be of generalized nature with
an estimated rate of $2.00 per visitor day, and 30 percent would be for
specialized recreation at a rate of $8.00 per visitor day. On the basis
of these figures, the annual benefi~s for recreation have been developed
in the amount of $300,000. (Rounded from $292,000.)

Area Redevelopment (AR): In accordance with Draft ER 1105-2-352, AR
benefits are defined as beneficial contributions to the NED objective
resulting from the use of otherwise unemployed manpower in construction
and installation of a proposed project. Presented below are the steps
taken in calculation of AR benefits for a system development of Devil
Canyon and Watana (2200 feet). Similar calculations were made for all
development plans but in order to reduce the bulk of supporting material
these calculations were not included in this text. A summary of AR
benefits for the plans under consideration is presented on Table C-24.

The labor area is defined to be the combined Anchorage and Fairbanks
areas. The proposed project -is to be constructed in a relatively
unpopulated area and will necessarily draw heavily from these two pop
ulation centers. The State of Alaska has been classified by the U.S.
Department of Labor as an area of substantial and persistent unemployment.

The labor market was assessed to determine the present and pro
spective employment situation in the construction industry. Construc
tionactivity in Alaska is presently peaking at the height of pipeline
construction, with a construction work force of approximately 20,000
out of a total civilian labor force of 190,000. Of the average 16,000
persons unemployed in Alaska, about 25 percent, or 4,000 are in the
construction industry. Employment in construction is expected to remain
at a high level after pipeline construction due to the increased need
for houses , school sand otherfacil i ti es caused by the increase in
population. Additionally, a program of resource development throughout
the State. the capitol relocation project, or a trans-Alaska gas pipeline
would further help to maintain a fairly stable employment picture. -

Estimated manpower required for construction of the Watana and Devil
Canyon dams and the transmission line is as indicated in the following
table:
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AREA REDEVELOPMENT BENEFITS

1985 AR Average Annual
System of Development Value AR Value

("$1000) ($1000)

Devil Canyon, Denali, Vee (2300), Watana (1905) 178,686 10,971
Devil Canyon, Denali, Vee (2350), Watana (1905) 181,899 11 ,169

High D.C .• Olson, Denali. Vee (2300) 209,956 12,891

Devil Canyon, Watana (2200), Denal f .,c· 177,614 10,905
Devil Canyon, Watana (2050) , Denali 156,624 9,617
Devil Canyon. Watana (1905) , Denali 135,735 8,334

Devil Canyon. Watana (2250) 162.790 9,995
Devil Canyon, Watana (2200) 155,761 9,564
Devil Canyon, Watana (2050) 134,771 8.275
Devil Canyon, Watana (1905) 113,882 6,992

Watana (2250), Devil Canyon 159,175 9,773
Watana (2200). Devil Canyon 152,647 9,373
Watana (2050), Devil Canyon 131,458 8,072
Watana (1905). Devil Canyon 11 0,469 6,783

Devil Canyon, Denali 105,849 6.510

Devil Canyon 71,704 4,403

High D.C. 127,139 7,806

Watana (2200) 109,263 6,709
Watana (2050) 88,074 5,408
Watana (1905) 67,085 4,119
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MANPOWER REQUIREMENTS BY BASIC SKILL

SKILLS

Operating Engineers
Teams ters
Laborers
Cement Ma s:>ns
Car renters
Painters
Iron Workers
Electricians
Pi pe Fitters
Sheet Metal Workers
Technical Engineers

~1AN-DAYS

482,680
131,640
482,680
87,760

351 ,040
65,820

241,340
131 ,640 .
153,580
43,880
21,940

2,194,000

PERCENT OF TOTAL

22%
6%

22%
4%

16%
3%

11%
6%
7%
2%
1%

100%

Of this total, project planners estimate 20 percent to be in super
visory and managerial roles, giving 438,000 man~days of supervisory
labor and 2,194,000 man-days as construction employment. It is
estimated that 200 days of construction effort are possible each year
given the circumstances of climate and project location. The con
struction period for the project is 10 years, allowing a calculation
of the average number of men needed per year as shown in the following
table:

MANPOWER NEEDS

Alyeska pipeline employment data indicates that 60 percent of the
construction manpower needs are being met from within Alaska, 40 percent
from outside the State. The existence of the pipeline project will
ensure a sizeable skilled Alaskan workforce, which in turn will mean
that a lesser proportion of manpower requirements will be imported
into Alaska for future construction projects. With the presence of
this large labor pool and assuming a stable, but somewhat reduced
level of construction activity during the 1980's, a proposed Upper Susitna
development is estimated to draw 80 percent of its construction manpower
requirements from within Alaska; 20 percent will come from outside the
Sta te . The actua1 number to be employed from the res i dent 1abor force
is thus 878 workers. It is further estimated that 50 percent or 439 of
this local labor demand will be met out of the projected 4,000 construc
tion workers who would otherwise be unemployed. The remaining 50 percent
then is presumed to be part of the normal demand for construction employ
ment and would come from already employed manpower resources of the State.

Total

Construction

Supervisory

MAN-DAYS

2,194,000

1,756,000

438,000

MAN-YEARS

10,970

8,780

2,190

MEN PER YEAR

1,097

878

219
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A weighted average hourly wage is calculated using 1975 Fairbanks
vicinity wage rates for the various skill categories, supervisory levels
and appropriate over-time. This composite wage rate of $17.40 when
multiplied by the number of hours per day and 200 days per year gives
$34,800. When applied to the 439 otherwi se unemployed workers, an
annual value of $15,262,770 results which over the 10 years of the
construction period amounts to $152,627,700. This amount is approxi
mately equivalent to the present value of this 10 year stream of benefits
because the wage payments are fairly evenly distributed before and after
the power-on-line date. Converted to an annual benefit over the 100
year project life at an interest rate of 6-1/8 percent, the rounded AR
benefit amounts to $9,373,000.. .

Intertie Benefits: It was established under area needs that intertie
benefits could ber~alized from shared reserves and from the. transfer of
energy between Anchorage and Fairbanks to take advantage of the differ
ential cost of producing energy. Being interconnected also permits
additional flexibility of operation. The Technical Advisory Committee
on Coordinated Systems Development and Interconnection highlights further
some of the possible intertie advantages in the 1974 Alaskan Power
Survey.

Dollar quantification of incidental intertie benefits associated
with the power lines which would connect the hydro projects to the two
load centers is difficult. however. the value of shared reserves and
energy transfer can be evaluated to some extent.

Shared Reserves: Reserve capacity'within a load center can be des
cribed as the amQunt of generation required, beyond that necessary to
meet load, Which would provide a predetermined degree of reliability
against partial or total system failure. The required reserves is a
function of the utility system makeup, maintenance schedule, and degree
of interconnection. The System makeup is a multitude of generating units
each with its own reliability in accordance with efficiency. age. fuel
type. unit type. size, etc. Evaluation of reserve requirements is a
complex procedure which attempts to determine statistically the proba
bility of total or partial failure and the reserve requireinents necessary
to bolster the system-to insure the predetermined reliability criteria.
Therefore. intertie benefits through shared reserves of the two load
centers could be established by first determining individual load center
reserve requirements. and second, subsequent total reserve requirements
if the two load centers were intertied and re-evaluated as a single load
center. The reduction in reserve requirements could then be converted
to a dollar value which when amortized would represent an average annual
~,enefit.

As pointed out in the marketability section (Section G) Anchorage
- and Fairbanks peak load requirements are very nearly identical in terms
of percent of total capacity required throughout the year. Therefore.
while the system makeup of the two areas is presently quite different,

425

69-736 0 - 80 - 30



the concurrent peaking requirements leave little opportunity for sharing
reserves. Furthermore, since it is estimated that the Anchorage thermal
units wi 11 shift from the present gas turbine mode to that of Bel uga
coal, then by the time that reserves could conceivably be shared, the
combination of concurrent requirements and similar system makeups would
leave scant possibilities for reserve sharing.

Ener9Y Cost Differential: Based on FPC power values for coal fired
steam plants in both Anchorage and Fairbanks the anticipated cost of
producing energy in the Fairbanks market area is roughly eight mills
higher than in Anchorage. Therefore, if Anchorage off-peak-month thermal
energy could be sent to Fairbanks, a portion of the differential energy
cost could be claimed as a benefit. The amount of energy which could be
transferred in any month would be dependent on the transmission line
capability, the amount of hydro energy being transmitted over each line,
and the ability of Anchorage utilities to pursue this new market. The
actual transfer of energy would entail a higher portion of the Susitna
hydro being shifted to Fairbanks with the associated mill credit given
to the Anchorage utilities. In analysing the maximum possible benefit
that could be realized in this manner, the following monthly energy
transfer capabilities are assumed for the two single circuit 230 KV
transmission lines from Gold Creek to Fairbanks:

Line Hydro Available ~"1aximum

Month cafacity cafacity Line ca)acitx EneriJ~ CarCi ty
mw) mwl (mw {lOkW ~

January 358 358 0 0
February 358 358 0 0
March 358 273 85 63
April 358 244 114 82
May 358 219 139 103
June 358 206 152 109
July 358 200 158 118
August 358 215 143 106
September 358 232 126 94
October 358 232 126 94
November 358 264 94 68
December 358 282 76 57

TOTAL 894

With an assumed hydro system firm generating"capability of 6.1
billion kwh, the reserve transmission line capacity would not be required
prior to 1995, and the full capacity could only be absorbed beyond the
year 2005 based on mid-range energy projections. If it is assumed that
the 894 million kilowatt hours per year are absorbed linearly between
1995 and the year 2005, then the following benefit calculations can be
made based on a 1985 hydro power-on-line date and 8 mills at 6-1/8
percent.
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Energy POL Present POL Dollar
Transferred Worth of Energy Worth of Energy

(l06 kwh) (106 kwh) (Dollars)

i~ .,.1996 89.4 43.8 $ 350,400
Y"1997 178.8 82.6 660,800
,:\-,1998 268.2 116.7 933,600
.. 1999 357.6 146.6 1,172,800

2000 447.0 172.3 1,378,400
2001 536.4 195.2 '1,561,600
2002 625.8 214.6 1,716,800
2003 715.2 231.2 1,849,600

v:; 2004 804.6 245.0 1,960,000
thi;2005 thru

894 4,406.9 35,255,200,'~. 2086
l' (' TOTAL 5,854.9 $46,839,200

,.:IThe amorti zed v~a1 ue o-f the $46,839,200 benefit rounds to $2,900,000
...', based on the 100-year economic 1ife of the hydro project.

" The annual worth of the differential cost of energy is based on
'~assumptions of the amount and time that energy cou1d be transferred and
~:(~:the differentia1 cost of energy in the two load centers.
v,,~, " .

~Flood Control: Traditional flood control analysis involv"ing the reduc
";tion of damage to real and personal property does 'not apply in the case

of this project due to the lack of industrial and general urban growth
-downstream from the project. However, the Alaska Railroad has estimated

that approximately $50,000 of annual maintenance of railroad bed could
be eliminated by controlling the river flow.

,ECONOMIC ANALYSIS OF ALTERNATIVE DEVELOPMENTS

The purpose of this analysis is to narrow down the alternative
hydro plans to several of the best plans for analysis under Principles
and Standards criteria. Since the combined flood control, recreational,
and' intertie benefits are small compared to the power and AR benefits,
preliminary scoping 'of the upper Susitna hydro alternatives was done on
the basis of power and AR benefits alone. However, flood control,
recreation and transmission benefits are included in later stages of the
analysis. Benefits estimated in this manner for the various systems of
development are presented on TableC-25.
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SYSTEM BENEFITS - SCOPING ANALYSIS

Federal
Financing
Capacity Prime Energy Secondary Energy AR TOTAL

System of Development BENEFITS BENEFITS BENEFITS BENEFITS BENEFITS
($1,000) ($1,000) ($1,000) ($1,000) ($1,000)

Devil Canyon, Denali, Vee (2300), Wstana (1905) 70,190 22,770 5,531 10,971 109,461
Devil Canyon, Denali, Vee (2350), Watana (1905) 72,703 23,532 5,172 11,169 112,407

High D. C., Olson, Denali, Vee (2300) 73,037 23,931 3,795 12,891 113,654

Devil Canyon, Watana (2200), Denali 89,057 29,726 3,500 10,905 133,188
Devil Canyon, Watana (2050), Denali 78,359 25,903 4,735 9,617 118,615
Devil Canyon, Watana (1905), Denali 63,953 20,816 5,624 8,334 98,727

Devil Canyon, Watana (2250) 84,267 28,153 3,847 9,995 126,262
Devil Canyon, Watana (2200) 83,751 27,980 4,893 9,564 126,188
Devil Canyon, Watana (2050) 66,244 21,826 6,847 8,275 103,195

ol:oo Devil Canyon, Watana (1905) 47,992 15,451 7,787 6,992 78,222t.)
go

Watana (2250), Devil Canyon 84,223 31,051 2,100 9,773 127,147
Watana (2200), Devil Canyon 83,751 30,883 2,516 9,373 126,523
Watana (2050), Devil Canyon 65,823 23,688 4,964 8,072 102,547
Watana (1905), Devil Canyon 48,083 15,596 . 6,706 6,783 77 ,168

Devil Canyon, Denali 39,238 12,379 5,731 6,510 63,858

Devil Canyon 15,446 5,343 4,452 4,403 29,644

High D.C. 46~629 15,400 3,562 7,806 67,391

Watana (2200) 45,892 17,757 2,671 6,709 73,029
Watana (2050) 33,671 12,414 3,248 5,408 54,741
Watana (1905) 17,083 5,919 4,452 4,119 31,574

Notes:
1. Capacity Value: $80.29/Xw; Energy Value: $52.38/mP-yr. (Federal Financing)
2. Dependable capacity based on prime energy and 50% plant factor.
3. Interest rate at 6-1/8 percent over 100 years.



Presented on Table C-26.is aSlJmmaryof the economic evaluation of
the systems analyzed. The table gives information on benefits, costs,
and net benefits.

lNED Plan and Construction Sequence: The two-dam Devil Canyon-Watana
~system was selected as the NED plan on the basis of maximization of net
[benefits. The sequence of construction influences the net benefits
[obtained. from the NED plan is apparent as shown on Graph 9. A summary
iof the benefits and costs associated with the NED plan for both construc-
o~ion sequences is shown below:
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In an attempt to maximize benefits from the USSR four-dam scheme,
system benefits were computed based on two elevations for the Vee damsite.
lTheanalysis indicates that net benefits increased as the Vee maximum
tPool elevation increased above 2300 feet, and that maximum net benefits
tare obtained for a Vee pool elevation of 2350 feet, just 11 feet below
~Lake Louise water surface elevation. The power output from this system
~would be considerable, but the environmental impact .could be the most
isever of the systems analyzed. Therefore, the system inclusive of the
iower (2300 feet) Vee project was selected for further consideration.

Four alternatives were deemed worthy of further consideration. The
USBR four-dam scheme appears quite a favorabl e project from an economi c
standpoint, as do the two-and three-dam schemes designed around a
Watana project at a maximum pool elevation of approximately 2200 feet.
~he four-dam scheme consisting of Olson, High D.C., Vee, and Denali does
'not appear economically feasible, and therefore, this system was not
Hncluded in subsequent analysis.

Of the single-dam alternatives, the Watana Dam with a pool ele
,vation of 2200 feet appears most feasible. However, because the two-,
;three-, and four-dam alternatives are much more attractive economically,.
lall single dam alternatives were eliminated from further consideration.
Ithe Devil Canyon-Denali combination was eliminated because it was econom
i4cally marginal, and the power output of the system represents only a
ifraction of the basin potential.

;. The Devil Canyon, Watana, and Denali system was analyzed for Watana
;pool elevations ranging between 1900 and 2200 feet. Analysis showed
that based on power benefits, the most economical Watana three-dam

[scheme is a Watana pool built to an elevation of about 2200 feet •
. fHowever, optimized net benefits from the three-dam scheme is not as

tgreat as those from the two-dam system consisting of Devil Canyon and
l~~e Watana project with a 2200-foot normal maximum pool elevation, Graph
t9.
~ - ,
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·NET BENEFIT SCOPING ANALYSIS
DEVIL CANYON-WATANA

WATANA MAXIMUM POOL ELEVATION
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SCOPINe ECONOMIC ANALYSIS

Total Average Total Average
System of Development Annual Costs Annual Benefits NET BElIEF1TS

($1,000) ($1,000) ($1,000)

Devil Canyon, Denali, Vee (2300), Watana (1905) 102,491 109,461 6,970
Devil Canyon, Denali, Vee (2350), Watana (1905) 104,445 112,407 7,962

High D. C., Olson, Denali. Vee (2300) 139,984 113,654 - 26,330

Devil Canyon, Watana (2200), Denali 110,091 133,188 23,097
Devil Canyon, Watana (2050), Denali 99,094 118,615 19,521
Devil Canyon, Watana (1905), Denali 88.150 98,727 10,577

Devil Canyon, Watana (2250) 104,336 126,262 21,926
Devil Canyon, Watana (2200) 96,600 126,188 29,588

.1:00
Devil Canyon, Watana (2050) ,85,604 103,193 17,589

Co) Devil Canyon, Watana (1905) 74,660 78,222 3,562.... :

Watana (2250), Devil Canyon 106,379 3/ 127,147 20,768
Watana (2200), Devil Canyon 101,776 - 126,523 24,747
Watana (2050), Devil Canyon 86,834 102,547 15,713
Watana (1905), Devil Canyon 72,034 • 77,168 5,134

Devil Canyon, Denali 69.651 63,858 - 5,793

Devi1 Canyon 51,561 29,644 - 21,917

High D. C. 90,651 67,397 - 23,254

Watana (2200) 78,046 73,029 - 5,017
Watana (2050) 63,104 54,741 - 8,363
WaUna (1905) 48,304 31,574 - 16,730

1. Number in parenthesis represents the normal maximum pool elevation of the projec:t.
2. Projec:t staging in sequenc:e as shown and eac:h projec:t was assumed to ,have a five-year c:onstruc:tion time.
3. Six- year Wlltana c:onstruc:tion andlDC based on annual expenditures would have resulted in ail Annual Cost of $103,920,000 (See Table 30).



96.600 29,588

101,776 24.747

Annual
Costs B-C

($1,000) ($1:000)

AR And
Power
Benefits
($1,oOO)

SYSTEM COMPARABILITY

Construction
Sequence

If the Watana project were first to be constructed, the followi ng
intangible benefits or adverse impacts could occur:

1. The flow regulation provided by Watana would minimize the
diversion structures required for the construction of Devil Canyon. This
savings in construction costs has been estimated in the selected plan.

2. The frequency, duration, and magnitude of spills from Watana
would be considerably less than those of Devil Canyon. Furthermore, the
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Devil Canyon. Watana 126.188

Watana, Devil Canyon 126,523

The analysis shows the following:

1. Both sequences for system development are economically feasible.

2. The Devil Canyon followed by Watana stage construction appears
to give the most economical sequence of construction.

Although maximum net benefits are realized for a system construction
sequence of Devil Canyon followed by Watana, as mentioned earlier, the
true market for the Susitna hydro is difficult to predict, and hence
either construction sequence may prove equally feasible. The above
figures do not take into account the intangibl~ benefits that would be
expected by specific construction sequence.

If the Devil Canyon project were first to be constructed. the
following intangible benefits or adverse impacts could occur:

1. The firm energy producing capability of Devil Canyon project
would be adequate to meet only two years of energy demand based on APA
projections. This would result in a need for capital expenditures by
utilities in the region prior to Watana's POL.

2. The spill rate of the Devil Canyon project during the five
years preceeding the Watana POL date would be quite frequent and of
relatively high magnitude. The adverse impacts from this operation have
not been fully assessed. .

3. If the Watana project were not built or if it was delayed a
significant time; the resulting active storage sediment encroachment
could further limit the prime energy producing capability of Devil
Canyon.



operation studies reveal a very infrequent spill rate for the Watana
spillway. This would minimize possible adverse impact from gassuper
saturation of the river below the project.

3. The energy capability of the Watana project would be three
times that of the Devil Canyon project without upstream storage.

4. Because of the large Watana reservoir capacity and the large
dead storage, the Watana reservoir is not susceptible to significant
sediment encroachment on the active storage.

By weighing the intangible bQnefits from the two projects and
realizing that the economics of the system is influenced by a power market
which is difficult to evaluate, the construction sequence that would
provide Watana power first and Devil Canyon power second, appears the
logical selection, and it is that sequence which has been chosen for
further analysis.

Plans Considered Further: Principals and Standards require that alter
natives displayed under the system of accounts be compared on an equal
basis to the fullest possible extent. While the scoping analysis is

.adequate for determining cthe relative value of each system of development,
it would be improper to compare the net worth of systems analyzed under
the scoping analysis to that of net ,benefits derived for the selected plan,
which is evaluated under slightly different criteria as outlined under the
Selected Plan Section. Therefore, although the Devil Canyon and High
Watana system was ultimately chosen as the selected plan for development,
in order to compare this plan with' the three and four-dam systems, itis
necessary to apply the selected plan criteria to the three and four-dam
alternatives. The rationale for the slightly different cirteria is
presented under the Selected Plan Section. In short, the three and four
dam alternatives were reanalyzed using the following criteria.

1. Transmission losses were limited to 3.2 percent capacity and 0.7
percen t energy.

2. Minimum drawdown criteria for turbine efficiency reduced prime
energy slightly.

3. Dependable capacity is based on average annual energy and a
50 percent plant factor.

4. Power benefits are based on non-Federal power values.

5. All benefits are used in computing net benefits and the benefits
to-cost ratio.

The subsequent at-market power which could be realized for the three
alternative hydro developm~nts iss~mmarized on Table C-27.
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The economic comparison, therefore, for the system of accounts
is shown on the table below. For a full explanation of how the benefits
were calculated see the Selected Plan subsection of Section C, Appendix 1.

Annual Annual Total . Annual Net
Const Cost OM&R Annual Cost Benefits Benefits B/C
-r$1000) {$10001 ($10001 ($1000) r$1000) (Ratio)

Two Dam 101,520 2,500 104.020 147,821 44,658 1.42
Three Dam 113,066 2,600 115,666 149,252 33,777 1.29
Four Dam 99,291 3,200 102,491 131,146 28,655 1.28

Area
Power Flood Control Recreation Intertie Redevelopment Total

($1000) ~1000) ($1000) ($1000) ($1 000) ($1000)

Two Dam 135,198 50 300 2,900 9,373 147,821
Three Dam 135,288 50 300 2,900 . 10,905 149.443
Four Dam 116,825 50 400 2,900 10,971 131,146

Dependable
Capacity (mw)

1,518 .
1,528
1,520

Secondary
Enerw (106 kwh)

785
110
724

Table C-27

Prime
Energy (106 kwh)

6,057
6,603
6,107

Two-Dam 1/
Three-Dam 2/
Four~Dam 3-

1/ Watana (2200); Devil Canyon
2/ Watana (2200); Devil Canyon, Denali
3/ Devil Canyon. Denali, Vee (2300), Watana (1905)

Benefits are those which can be realized from power. flood control.
recreation. area redevelopment, and transmission intertie. The following
table summarizes the benefits for each project.

These plans were selected because they are economically justified
and they meet the objectives for meeting the load growth of the Railbe1t
community. The next section will analyze these three plans from an
environmental standpoint in an attempt to develop an EQ plan. Development
sequence for the two- and three-dam plans would have Watana constructed

. first and Devil Canyon second. The four-dam plan construction sequence
would entail Devil Canyon's being built first followed in order by
Denali, Vee. and Watana.
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Selection of the best plan from among the alternatives involves
evaluation of their comparative performance in meeting the study
objectives as measured against a set of evaluation criteria.

. . . .

These criteria derive from"law', regulations, and policies govern"jng
water resource planning and development~ The following criteria were
adopted for eva1ua ti ng the alternati ves. --

Technical Criteria:

SELECTING A-PLAN

~LTERNATIVES SELECTED FOR FURTHER STUDY
("0,

, The preliminary screening disclosed four alternatives with economic
jus tif; cati on I adequa te scale I techni ca1 feas i b"i 1ity I and no adverse
environmental effects of such obvious magnitude as to preclude p1ar
implementation. These include one plan which depicts the most probable
future if no Federal action is taken to meet the projected power needs
of the Rai1belt and three diverse hydroelectric plans for utilization of
'the power p~tentia1 of the upper Susitna River., The four selected
alternatives are:

Coal
Devil Canyon~Watana Dams
Devil Canyon-Watana-Dena1i Dams
Devil Canyon-Watana-Vee-Dena1i Dams.

'EVALUATION OF ALTERNAT1~ES

The g-rowth in electrical power demand will be as
projected by the Alaska Power Administration.

That power generation development, from any source
or sources, will proceed to satisfy the projected needs.

A plan to be considered for initial development must
be technically feasib1e~ ,

Nationa1
r

Economic Development Criteria:

Tangible benefits must exceed project economic costs.

Each sepaorabl e unit' of work or purpose must provide °

benefits at least eq~al to its cost;

The scope of the work is such as to provide the
maximum net benefits.

The benefits and costs are expressed in comparable
quantita~ive economic terms to the fullest extent possible.
Annual costs are based on ~ lOO-year amortization period,
an interest rate of 6-1/8 percent, and January 1975 price
levels. The annual charges include interest; amortization;
and operation, maintenance, and replacement costs.

/- '-4315
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Power benefits are based on the difference in costs
of providing the energy output of any plan as compared
to providing the same energy by conventional coal-fired
thermal generation.

Environmental.Quality Criteria:

Conservation of esthetics, natural values, and other
desirable environmental effects or features .

. The use of a systematic approach to insure integration
of the natural and social ~ciences and environmental
design arts in planning and utilization.

The appH cation of overa11 system assessment of
operational effects as well as consideration of the'
local project area. .- ... ~.

The study and development of recommended alternative
courses of action to any proposal which involved conflicts
concerning uses of available resources.

Evaluation of the environmental impacts of any
proposed action, including eff~cts which cannot be
avoided, alternatives to proposed. acti ons, the rela tion
ship of local short-term uses and of long-term producti
vity,and a determination of any irreversible and
irretrievable resource commitment.

Avoidance of detrimental environmental effects,
but where these are unavoidable, the inclusion of
practicable mitigating features. .

Social Well-Being and Regional Development Considerations:

In addition to the basic planning criteria, con
sideration was given to:

The possibility of enhancing or creatingrecrea
tional values for the public;

The effects. both locally and regionally, on such
it~msas income, employment. population, and business;

. .

The effects on educational and cultural opportunities;

The conservation of nonrenewable resources.
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Coal: This alternative is, effectively, the "withoutll condition, the
probabie future that would develop if no Federal action were taken to
provide electrical power through.a hydroelectric generation development.
A coal-fired generation system could develop ina number of ways including
piecemeal construction of plants at numerous locations with no intertie
or overall grid being developed. For purposes of simplification and
more direct comparabi 1tty to the hydropower a1terna ti ves, a s i ng1 e 1ar,ge
coal-fired complex located at the most favorable minemouth site (the
Healy area) with a transmission systemintertie between Anchorage and
Fairbanks is analyzed. Plant construction would be staged to essentially
duplicate the medium range power demand curve up to the energy levels
achieved by the comparative hydropower plans.

This alternative is the economic standard against which each of
the hydropower plans is tested. That is~ the power benefits of a given
hydro system represent the cost of producing the same amount of power by
constructing and operating a conventional, state-of-the-art, generation
system using coal as fuel. Incrluded in all cases are the costs of the
necessary ,transmission system to bring the power to the same load distri
bution centers in the Anchorage and Fairbanks areas. Thus, a benefit
to-cost ratio of greater than one (l.O) indicates that a hydro system is
more economical than its'coal competitor, while a ratio of less than
unity indicates that it is economically inferior. Since the alternative
values of electrical production and plant construction using coal as the
fuel are the source of the energy and capacity benefits, respectively,
for the hydropower plans, it follows that, for any given alternative
coal system, the sum of the el\ergy and capacity benefits is identical to .
the costs giving a benefit-to-cost (B/C) ratio of 1.0 and no net benefits.
The projected energy cost to the distributors fo~ this alternative is
estimated to be 26.4 to 31.4 mills per kilowatt~hour.

The projected generating p1ant'would require an area of approxi
mately 40 acres for the buildings and grounds. An additional area of
about 90 acres wou1 d be required for' a 30~day stockpile of 500,000 tons
of coal. The total annual coal requirement, based on a gross energy
output of 6.88 to 6.91 billion kilowatt-hours (Kwh) annually and a fuel
efficiency for coal of 1,181 Kwh/ton 1/ would be from 5.83 to 5.85
million tons. Over the 100'""year analysis period, this would amount to
583 to 585 million tons total. No single district in the Nenana field
has such reserves at a depth suitabli for strip mining; however, the
Heavy Creek district 2/ has reserves estimated at 535.7 million tons at
depths less than 1,000 feet and seam thickness greater than 5 feet.
Maximum use of this district is assumed with the deficit to be supplied
by nearby reserves from Dry Creek and Savage River as needed.

1/ Alaska Electric Power Statistics, 1960-1973, APA, December 1974.
~ Coal Resources of Alaska, Geological Survey Bulletin 1242-B, 1967.
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To estimate the probable impacts of the strip mining, the following
simplified mining operation was projected. A parallel strip technique
with the overburden and wastes sidecast into windrows between two
active- working faces is projected since it requires the minimum land
use. A maximum economic overburden of 200 feet is assumed, which with
the coal running anywhere from the~Qrface downward would mean an
average overburden of 100 feet. It is further assumed that the coal
lies in two 10-foot-thick seams with 'a 10-foot parting between .. At
the maximum. total excavation depth would be 230 feet, with 130 feet
as the average. Ninety percent recovery of the coal is presumed.
On this basis, each acre of mine would produce 209,733 cubic yards

. of material composed of 29~040 cubic yards 'of"recovered coal and
180.693 cubic yards of mine wastes. Since the Nenana coals have an
approximate specific gravity of 1.30 and a un.itweightof 1,770 tons
per acre-foot, the recovery rate means that a total of 183 to 184
acres of land annually would have to be mined. Over the 100-year
life. a total acreage of 18.300 to 18,400 exclusive of roads or

.other subsidiary uses would be required.. It should be emphasized
that the disturbed acreage is based on·a relatively favorable forma
tion of coal 'seams that tend to minimize the land requiremen~s.

Actual field conditions could easily double or triple the strip
mining acreage. . .

The Hea1y.Creek Valley and most of the land westward to the
Dry Creek-Savage River coal beds is covered by upland spruce-hardwood
forest below 2.500 feet,m.s.l. The intervening lands are generally
alpine tundra. As a result, the .majority of the area is classified
as fall and winter moose concentration area. 1/ Datl sheep range
extends on both sides of the valley and a10ng~the southern rim of
the westward area. The valley upstream of the 2,500-foot elevation
and the Dry Creek-Savage River area are both winter range for caribou~

The valley of the Nenana River running north-south between Healy
Creek and the westward coal beds is listed as a nesting~mou1ting

area for waterfowl and a major migration route (flyway). The Nenana
River sUPP9rts both resident and anadromous fish.

Thus. the destruction of the vegetative cover and land disturbance
would Qe. acre for acre, destruction of' important,wi1d1ife habitat.
Revegetation over the long term would be possible, but for the active
life of the mining operation, it is unlikely that any significant
portion of the distLirbed habitat would return to usefulness. In
addition to the effects on wildlife habitat, the coal alternative
would have a range of other environmental impacts. The. mining and
hauling of the coal could be expected to put considerable amounts
of dust into the air in the project vicinity. Since the operations
would. in general, be following natural water courses, there is a

17 Alaska's Wildlife and Habitat, Alaska Department of Fish and Game,
, 973.
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'ng .probability that sediments could not be prevented from reaching
t~treams and being carried into the Nenana Riyer where the increases
urbidity could be expected to have adverse effects on fish popu
"bhs'~ Further, although the coal is low in sulfur content, ground
er and runoff waters in contact with the beds and the uncovered coal
H:lues could well experience chemical changes which in turn could have
erse effects on the Nenana River, its fish, and other aquatic biota,

,,).:_/ '.,

Erhe operation of the generating p(lant would have environmental
)'pacts also. Even. with pollution control devices to restrict and/or
'move harmful substances, there would be some degradation of air
:UaHty from combustion product's. These would include water vapor,

rl>ori 'particles, su 1fur compounds, and unburned gases to the 1imits
'rinitted by air quality regulations. The characteristic odor of
~riihg coal would be pervasive over a wide area including the Parks

'gfiwayand railroad which run beside the Nenana River through this
Jl~;orL Water, ei ther 'f~omgroundw~~er sour<:es, or more likely, from
el~Nenana would be requ1red to prov1de cool1ng for the steam condensers

.f the plant. This water would need to be returned to the river in
~change for cold waters to continue the function of system. This could
H¢cta sharp change in the thermal regime of the river with possible
'verse effects on its ecosystems. Alternatively, cooling towers or
Her artificial means could be installed to avoid thermal pollution,
t,at a substantial increase in the costs of the project. A thi,rd
pid sour~e of possible environmental impact~ from the plant lies in ,
~'need for 'disposal of the solid combustion wastes such as fly ash and

inders. These could be added to the mine wastes, thus increasing the
lk of these spoil ridges or could be disposed on other lands. Either
thod would involve probable adverse effects in that the ash-cinders
'~id tend to hinder efforts at revegetation of the mine wastes while
mp'ing elsewhere would remove additional acreage from wildlife habitat
,';other beneficial use. The amount of waste, based on the coal content
".~honcornbust·ibles, is estimated as up to 10 percent of the volume.
n~s,'a direct correlation to required mining acreage would give a
isposal acreage of about 18 acres per year. Again, leaching of chemi
,Jsby surface waters could well cause water quality problems in the
reams of the disposal area.

,~~ !

I~;' , The Healy Creek vicinity has a long history of mining and mineral
~fp'loration which increases the probability that historic sites would be
;;above average occurrence within the area of project effects. The
fate Division of Parks. considers the area to be extremely rich in
'rchaeological potential. The Dry Creek area is being excavated while
,he area from Dry Creek to Savage River is being surveyed. Strip mining~

~Oljld tend to have adverse effects on preservation of historic sites ",
'While it could both encourage discovery and recovery of prehistoric
~~r.tifactsand destroy sHes for 'continued archaeological study.
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This alternative would make no contribution to either flood ~6ntrol

or recreation in the Railbelt area. In fact, the destruction of habitat
and the widespread presence of human activities could be expected fo
reduce game animal and fish populations, both of which would reduce the
present main recreational potential for hunting and fishing.

~tis estimated that construction of the coal facility would
"impact on the regional economy in much the same way and magnitude as
the alternative hydropower plans. However, because of the plant loca
tion, more of the effects would be felt in Fairbanks than Anchorage.
These would include both employment of local labor, as well as a tem
porary influx of additional business activity from nonresident worker

....seeking recreation and services. It is probable that the year-by-year
effects would be more evenly spread over a longer total construction
period since construction would be in several stages as the power demand
grew and would not be completed (to the output level of the hydropower
alternatives) until about 1995. Permanent jobs arising from operation

. of the project are estimated to be 67 in the mining-hauling of the coal,
and 35 in the a~tual powerplant operation and maintenance.

Response to Study Objectives: The response of the coal alternative
to the study obj~ctives is summarized as follows:

Power: Provides power equivalent to any other alternative
(6.88 to 6.91 billion kilowatt-hours annually). Meets
the projected demand until the mid-1990's.

Flood Control: Nonresponsive.

Air Pollution: Adverse response.

Fish and Wildlife: Direct l~ss of 18,000-20,000 acres of
important moose and caribou habitat. Probable adverse
effects on anadromous fish. No positive contributions.

Recreation: Nonresponsive.

Conservation of Nonrenewable Resources: Adverse response-
" expend 5.83-5.85 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.5-112.9
billion cubic feet of natural· gas annually, or "

·15.1-15.2 million barrels of oil.

~ .

Devil Canyon-Watana: This alternative would consist of a concrete thin
arch dam 635 feet high with a four-unit powerhouse and a switchyard at
river mile lJ4 of the Susitna River~ an earthfill dam 810 feet high with
a three-uni t powerhouse and a switchyard at river mil e 165, an access
road 64 miles long from the vicinity of Chulitna Station on the Alaska
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$138,098,000
300,000
50,000

9,373,000
$147,821,000
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Power
Recreation
Flood Control
Area Redevelopment'

Tota 1

69-736 a - 80 - 31

The benefit-to-cost (B/C) ratio is 1:4 to 1.
Net annual benefits are $43,801,000.

The system would have an average annual energy oatput of 6.91
GIllian kilowatt-hours and a firm energy output of 6.10 billion kilo
watt-hours from an installed capacity of 1,568 MW. The projected
energy cost to the distributors would be 21.1 mills per kilowatt-hour .

.'.; Known and suspected project impacts for the proposed Devil Canyon-
Watana hydroelectric project are discussed below.

. River Flows: The natural average daily flows at Devil Canyon from
the latter part of May tnrough the latter part of August fluctuate in
the range of 13,000 to 27,00Q·cubic feet per second (cfs). For November
through April, the average daily flows range between 1,000 ,and 2,300 cfs.
The river also carries a heavier load of glacial sediment during high
runoff periods .. During winter when low temperatures reduce water
flows, ·the streams run practi cally silt free ..

With a project, significant reductions of the late spring and early
sunmer flows would occur and substantial increases of the winter flows.
The average regulated downstream flows for this plan computed on a
l110nthly baSis are estimated between about 7,600 cfsin October to about
15,000 cfs in August. In extreme years, the monthly averages would
range from about 6,500 cfs to over 28,000 cfs. The following table
compares natural and regulated flows.

Railroad and the Parks Highway. and 364 miles of transmission lines.
Included in the permanent facilities would be living quarters for
operating personnel. visitor centers at each dam, boat launching ramps,
and a limited system of recreational facilities including camping spots
and hiking trails. The first cost of the project is estimated as
$1.52 billion. Annual costs are estimated as $104,020,000, includin~

. $2,500,000 for operation. maintenance, and replacements. Average annual
project benefits accrue as follows:



Regul~ted Unregulated
Month cfs cfs

~

January 9,896 1,354
February 9~424 1,137
March 9~O20 1,031
Apri 1 8,261 1,254
May 8,192 12,627
June 8,324 26,763
July 9,618 23,047
August 15,066 21,189
September 10,802 13,015
October 7,556 5,347
November 8,367 2,331
December 8,964 1,656

The high flows of the summer and fall plus unregulated flood flows
of much higher magnitude presently require an average annual expenditure
of $50,000 by the Alaska Railroad to prevent erosion of the roadbed.
The regulated flows would make such protection unnecessary. The resulting
savings is the source of the flood control benefit.

Water Quality: The heavier sediment material nO\ll carried by the
river between Devil Canyon and the junction of the Chulitna and Talkeetna
Rivers with the Susitna River during high runoff periods would be
substantially reduced, and a year-round, somewhat milky-textured "glacial
flour" (suspended glacial sediment) would be "introduced into the con
trolled water releases below the dams. Preliminary studies indicate
that the suspended mater~als in the releases below the dams would b~ in
the range of 15 to 35 parts per million.

On occasions after the development of upstream storage, when
s~i11ing over Devil Canyon Dam would be necessary during periods of
high flows, nitrogen supersaturation could be introduced into the river
below the dam and would cause an adverse impact on fish for some dis
tance downstream from the dam depend·i ngon the 1eve1 and duration of the
supersaturated condition. Fish exposed to this environment suffer gas
bubble disease (like bends to a deep-sea diver) which is often fatal,
particularly to juvenile salmon.· •

With the use of appropriate operational procedures, spilling
would oc~ur about every second year with an average annual duration of
14 days. Nitrogen supersaturation introduced by the spilling should be
substantially reduced in the turbulent river section just downstream of
the dam. The proposed spillway at the Watana Dam is not conducive to
nitrogen supersaturation. Because of the flood storage capac\ity of
this fluctuating impoundment and the large release capabilities of the
outlet works and powerhouse, use of the spillway should be required
only about once in 50 years.
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,Compared to natural conditions, temperature of the controlled
~eleases of water from Devil Canyon Dam would tend to ~~ cooler in the
{Summer and warmer in the winter. Cooler summer water temperatures and
warmer winter water temperatures could have both beneficial and adverse
effects on migrating salR1Q-f1, juvenile salmon, and resident fish POPI..l.
lations, and will be investigated further in post-authorization studies.

Variations in water releases at Devil Canyon Dam would cause less
,than a one-foot daily fluctuation of downstream water levels in the
river during the May through October period since the reservoir would
not be used for peaking purposes. The regulated daily fluctuations
during the winter months could range up to two feet under normal peaking
conditions. According to U.S. Geological Survey studies, the natural
normal daily fluctuations in the Susitna River below Devil Canyon range
up to about one foot.

Stratification conditions within the reservoirs could cause some
temperature and dissolved oxygen problems in the river for some distance
downstream from the Devil Canyon Dam and within the reservoirs themselves.
'This could have an adverse impact on the downstream fishery and to fish
within the reservoirs.

The multilevel 'intake structures at both dams provide fop selective
withdrawal of waters from varying depths within the reservoir.s. This
feature allows for considerable control of both downstream water tempera
'ture and di sso1ved oxygen content of the rel ease waters. Because the
qowest intake levels are well above the dead storage areas of the
reservoirs, there should be no increase in passage of sediments even
when the deepest intake levels are used.

General channel degradation caused by a river's attempt to replace
;the missing sediment load with material picked up from the riverbed is
not expected to -be a significant concern alon'g the gravel bed reaches of
the Susitna River between Tal keetna and Devil Canyon .. There will
~ndoubtedly be some degradation where bed conditions are favorable. It
'is expected that tpe river will channelize into a single deep watercourse
during the winter months. However, because of the generally coarse
nature of the surface materials of the riverbanks, no significant bank
erosion is predicted.

Upstream from the dams the major environmental impacts would be
'caused by the reservoir impoundments. The reservoir behind the Devil
'Canyon Dam would remain essentially full throughout the year, while
:Watana reservoir would f1 uctuate between 95 and 120 feet below full
pool during the average year. '

Devil Canyon reservoir would cover about 7,550 acres in a steep
walled canyon will few.known areas of big-game habitat and a minimal
amount of resident fish habitat at the mouths of some of the tributaries
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tha t enter the Sus itna Ri ver in the 28-mil e secti on above the proposed
damsite. The reservoir would, however, flood 9 of the 11 miles of the
whiJewater section known as Devil Canyon. These rapids are highly
regarded by whitewater enthusiasts for their extreme violence and for
their rarity, being rated as Class VI--ca:mot be attempted without risk
of life to the most expert boatman. This very violence has, to d~te,

1imited recreational boating use of th-is section of the- river to only a
few highly expert individuals and/or parties. No significant future use
by the general public, either for active boating or esthetic appreciation,
seems likely considering the difficulty of access and the extreme danger
of the waters. Construction of this alternative project would provide
access. to the canyon area and the remaining two miles of rapids below
Devil Canyon-Dam.

Watana reservoir would flood about 43,000 acres in a 54-mile
section of the Susitna River that would reach upstream to the Oshietna
River. Except in a few areas near the mouths of tributary creeks: and
most of the Watana Creek valley, the Watana reservoir would be contained

-within a fairly narrow canyon for much of its length.

Watana reservoir would flood areas used by migrating caribou in'
crossing the Susitna River and would also flood moose winter range in
the river bottom. The reservoir would cover existing resident fish
habitat at the mouths of some of the tributaries and possibly would
create other fish habitat at higher elevations on these tributaries.

Fi sh: How some of the downstream river conditions caused by the
proposedhydropower project would affect the anadromous and resident
fish populations below the dams has not yet been fully determined, but
past. ongoing, and future studies by State and Federal agencies coordi
nated by the U.S. Fish and Wildlife Service should provide the anis~ers
needed to further define adverse and beneficial impacts of the p~oposed

project on fish and wildl ife. .
I
I·

In -a 1974 study by the Alaska Department of Fish and Game on
-surveys conducted to locate potential salmon rearing and spawning
sloughs on the 50-mile section of the Susitna R-iver between Portage
Creek and the Chulitna River, 21 sloughs were found during the 23 July
through 11 September study period. Salmon fry were observed in at least
15 of these 21 backwater areas. Adult salmon were present in 9 of the
21 sloughs. In 5 of the sloughs, the adult salmon were found in low
nUlllbers (6 to 7 average). In 4 other sloughs, large numbers were present
(350 average).

During December 1974 and January and Febl'uary 1975, the Alaska
Department of Fish and Game investigated 16 of the 21 sloughs previously
surveyed during the summer of 1974. Of the 16 sloughs, 5 indicated
presence of coho salmon fry. Many of the 16 sloughs surveyed were
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appreciably dewatered from the summer/fall state. Also, a number of
coho fry were captured in the Susitna River near GoldC(eek, indicating
that some coho salmon fry do overwinter in the main river.

It is reasonable t~.assume on the basis of existing data that there
will be some changes in the relationship between the regulated river and
access to existing salmon rearing and spawning sloughs an9 tributaries
downstream from Devil Canyon Dam. It appears feasible to develop a
program to improve fish access to and from some of the sloughs and
tributaries in the Susitna River, ..if such is determined to be needed as
a consequence of the project's stabilizing effect on summer flows. Such
a program would be a project consideration.

Periodic flood conditions that presently destroy salmon eggs in
this stretch of the river would be almost completely eliminated by

. regulation of the upper Susitna River flows.

Reduction in flows, turbidity, and water temperatures below Devil
Canyon Dam might cause some disorientation of salmon migrating into the
section of the Susitna River between Portage Creek and the Chulitna
River during an initial period after construction of the dams.

According to a study discussed in the Journal of Fisheries Research
Board of Canada--Vo1ume 32, No~ 1~' January. 1975, Ecological Consequences
of the.Proposed Moran Dam on the Fraser River, some of the beneficial
downstream impacts of the dam could include the following:

. The higher regulated winter flows might enhance the survival of
salmon eggs in the river downstream from the dam. The increased flows
could insure better coverage and better percolation through the gravel
and presumably enhance egg and a1evin survival.

An additional consequence of reduced turbidity below the dam might
be a gradual reduction in the percentage of fine materials in the salmon
spawning areas. This could also lead to improved percolation through
~he gravel in the streambed and possibly improve survival of eggs.

Reduced siltation during the summer months could prove beneficial
for both anadromous and resident fish species in the 50-mile section of
theSusitna River between the propo.:.ed Devil Canyon Dam and Talkeetna.
With the almost total elimination of the heavier glacial sediment loads
of the river, it is likely that the potential for recreational sport
fishing would be improved in this section of the Susitna.

Upstream from the dams, the major impact on the resident fish
populations would be caused by the reservoir impoundments. Devil
Canyon reservoir would fluctuate very 1itt1e. The steep-walled canyon
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of this reservoir might prove less than desirable to develop a resident
fish population; however, some species of fish might adapt to this
reservoir and provide sport fishing benefits.

Watana Dam would have a widel~ fluctuating reservoir and thus be
generally detrimental to the development of resident fish populations.
Suspended glacial sediment could be a factor in both of the reservoirs
after the heavier glacial sediments have settled out; however, many
natural lakes in Alaska such as Tustumena and Tazlina, with silt-laden
inflows sustain fish populations under similar conditfons.

Most resident fish populations, especially graying, utilize the
-clearwater tributaries o'f the Susitna River or areas near the mouths of

these streams as they enter the glacially turbid main river during
periods of high runoff. All of these tributaries, approximately 10 in.
number, would be flooded in their lower reaches by the proposed reser
voir impoundments. Resident fish populations would be affected by the
increased water levels in the proposed reservoirs. In about half of the
areas, access to the less precipitous slopes of the upper tributaries
would be improved by increased water elevations and could benefit
resident fish populations. .

Fish would experience extremely high mortality rates if they
attempted to migrate rlownstream through turbines or outlet works at the
proposed dams.

It appears highly unlikely that anadromous fish such as salmon
could be introduced into the Upper Susitna River Basin. The related
problems and costs of passing migrating fish over and through high dams
appear infeasible. However, the introduction of a resident 1and-10Gked
salmon species, such as sockeye (kokanee) , to some waters of the upper
Susitna basin might prove feasible.

Wildlife: Reservoir impoundments behind the proposed dams would
have varying degrees of environmental impact on wildlife.

The Devil Canyon reservoir would be located within the confines of
a narrow, steep-walled canyon with few areas of big-game habitat and no
major migration routes for big-game animals. Based on observations of
terrain slopes, and vegetation, it is estimated that about 100 acres of
this reservoir might be favorable moose habitat. The reservoir would
create about 65 mil~s of lake shoreline. Because the pool level would
vary little, it is assumed that a fringe of water-oriented vegetation
such as willow or alder would develop along the shore. Such a fringe
zone could provide favorable habitat for a variety of small mammals
and birds, and might provide rep"lacement habftat for moose. A continuous
fringing zone only 50 feet in width around the lake would represent
300-400 acres.
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The proposed Watana Dam would be generally contained within a
fairly deep and narrow river canyon. Watana reservoir would lie acr.oss
one of the intermittent caribou migration routes between the north side
of the Susitna River and the main calving area of the~elchina caribou
herd, located south of the river in the northeast foothills of the
Talkeetna Mountains. Calving generally takes place during a month-long
period starting in the middle of May. Ice-shelving tonditions along the
shoreline caused by winter drawdown on Watana reservoir or ice breakup
conditions on the reservoir could cause problems for caribou migrating
to the calving grounds.' This reservoir would have a high water shoreline
about 145 miles long. Development of a fringe habitat would be consider
ably less likely than for Devil Canyon because of the highly variable
water level of-the lake. Creation of beneficial habitat is doubtful.

As caribou are strong swimmers. they should have fewer problems
crossing the narrow reservoir during July after calving than they would
crossing the swollen glacial river during natural periods of high
runoff. Caribou could migrate around the reservoir. Caribou migration
patterns for the Ne1china herd are continually changing, as stated in
Alaska Department of Fish and Game study reports. Under adverse ice
conditions, the reservoirs could cause increased mortality in some

. segments of the herd, and some permanent changes in traditional herd
movements .

. A moose survey conducted in early June 1974 by the Alaska Depart
ment of Fish and Game indicated that, although spring counting condi
tions were less than ideal, a total of 356 moose were seen along the
upper Susitna River and in the lower drainage areas of the major tribu
taries. A 1973 fall count in the same general area sighted a total of
1,796 moose. Of the 356 moose counted in the June 1974 survey, 13 were
seen in the area of the proposed Watana reservoir. None were sighted
within the proposed Devil Canyon reservoir impoundment. Based on
visual observations and map studies of vegetation and terrain slopes, it
i's:estimated that 2,000 to 3,000 acres, mostly in the lower reaches of
Watana Creek, could be favorable moose habitat. Wildlife management
agencies state that such habitat for moose should be considered as
critical, especially as winter habitat. Further studies to delineate
.both the extent and value of the' habitat would be required to determine
~the need and/or extent of mitigation.

The proposed reservoirs at Devil Canyon and Watana are located
along a major flyway.for waterfowl. Very few waterfowl appear to nest
on the sections of the river that would be flooded by these reservoir
proposals, but the reservoirs could provide suitable nesting areas not
now available for waterfowl migrating through the basin.

The loss of habitat for bears, wolves, wolverines, Dall sheep, and
pther animals appears to be minimal. Other birds. including raptors.
songbirds, shorebirds. and game birds, do not appear to be significantly
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affected by the reduction of habitat in the area of the proposed dams
and reservoirs. although some habitat will be lost for all species of
wil!ll ife.

Road access to the two damsj,tes could have a significant impact on
fish and wildlife resources in ar~as opened to vehicle encroachment~

Specific areas such as Stephan Lake. Fog Lakes. lower Deadman Creek. and
the northern slopes of the Talkeetna Mountains could be greatly impacted
by hunters. fishermen. and other recreationists as a result of the
access road to Watana Dam. However, such an impact is properly a func
tion of the establishment and enforcement of proper regulations by
management authorities. not of the project.

The proposed reservoirs at Devil Canyon and Watana are located
along a major flyway for waterfowl. Very few waterfowl appear to nest
on the sections of the river that would be flooded by these reservoir
proposals. On the other hand. the reservoirs would provide suitable
resting areas for waterfowl migrating through the basin.

Migrating birds would possibly suffer some mortality from colli
sions with towers or lines. but such losses should be negligible. The
line would generally parallel normal north-south migr~tion routes. The
cables would be large enough to have a high degree of visibility and
would be widely enough spaced to be ineffective snares. Electrocution
of birds is also unlikely since the distance between lines and between
lines and ground would be great enough to make shorting out by birds
almost impossible.

A transmission line per se will not have many impacts upon wild
life; most of the impacts will be as a result of construction and.
maintenance. Direct destruction will affect the less mobile animals
such as the small mammal s, whose territories may be small enough to be
~ncompassed by the construction area; The significance of this impact
to these animals is small in relation to their population in surrounding
areas.

Recreation: Much of the Upper Susitna River Basin. except near the
Dena-li Highway and Lake Louise vicinity, has little recreational acti
vity at the present time. A combination of poor road access, rough
terrain, and great distances limits the use of the'S,800-square-mile
basin, especially the lands directly impacted by this alternative, to a
few hunters. fishermen, and campers who utilize these lands for recrea
tional purposes.

The construction of the proposed hydroelectric project would have
an impact on a number of present and projected recreational activities
both in the immediate dam and reservoir areas and downstream from the
dams ..
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At the present time. the ·Susitnrl River upstrr~m from rort~g~ (rpek
to the Denali Highway bl'id~Jt' is i' II'l'C'-flll\\lltl!] !'iv«"!' hrtth fpw l<Iulll< of
man's activities. The construction of dams on the river would change
sections of the river into a series of manmade lakes. The violent.
whitewater section of the. river through the area known as Devil Canyon
would be substantially inundated by a dam at the Devil Canyon site.
Other areas of the river would also be changed from river-oriented
recreational opportunities to lake-oriented recreational activities.

Improved road access into some areas of the upper Susitna basin
would substantially increase pressures on all the resources impacted by
outdoor recreational activities within these areas.

The construction of project-oriented recreational facilities would
substantially increase the recreational use of the areas around the
proposed dams and reservoirs. These recreational facilities could
include visitor facilities at the dams. boat launching facilities on the
reservoirs. campgrounds. picnic areas, trail systems. and other related
recreational facilities. Recreational facilities at Devil Canyon and
Watana could also be developed to complement the 282.000-acre Denali
State Park complex, which is located on the Parks Highway just west of
the settlement ~f Gold Creek. .

Few people reside within a 100-mile radius of the project area at
the present time and day-use of the project by local residents would be
minimal.

A project related recreational development program would involve
cooperation between the Bureau of Land Management and the operating
agency for maintenance of the developed recreational faciljties. The
projected recreational program would provide for an estimated 77.000
use days of recreation, mostly fishing, camping. hiking. and sightseeing.
This i~ the source of the recreational benefit.

Historic and Archaeological Sites: The current National Register
of Historic Places has been consulted. and no National Register pro
perties wi 11 be affected by the project. A recently compl eted study for
the Corps of Engineers, made by the Alaska Division of Parks. 'indicated
11 historic sites within the study portion of the upper Susitna basin.
all of which are related to the discovery of gold. One known site
(cabin) is in the proposed reservoir impoundment areas.

Only one archaeological site has been examined within the study
area of the upper Sus itna basi n, and, it has never been excavated. Thi s
is the Ratekin site. several miles east of the Susitna River near the
Denali Highway. The Division of Parks survey projects a total of 40
zones of possible archaeological interest within the Devil Canyon and
Watana impoundments.
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Mining: The'Susitna River basin in the proposed reservoir impound
ment areas is generally favorable for various types of mineral deposits,
but the area has never been mapped geologically. An extensive mineral
examination program is expected to be necessary in the areas of proposed
hydroelectric development, and th~program would probably be funded to
assess mineral resource potential.-

Transmission System: Most of the power generated by hydroelectric
development on the upper Susitna River would be utilized in the Fairbanks
Tanana Valley and Anchorage-Cook Inlet areas. For this studY,a trans
mission system, consisting of two 230-kv single circuits from the project
area to Fairbanks, and two single circuit 34S'':kv lines to the Anchorage

. area, is planned. All lines would generally parallel the Alaska Railroad,
and would be connected to generation facilities at both Devil Canyon and
Watana.

Most direct impacts of the transmission line upon vegetation would
be rel ative1y sma 11 wi th respect to the magni tude of surrounding unaffected
land. Up to 6,100 of the approximately 8,200 acres of right-of-way
would have to be cleared. The cleared right-of-way would have a major
impact on scenic quality. Regrowth beyond a limited height would have
to be prevented by maintenance so that cuts through forested areas would
be permanently visible. In more open areas at higher elevations. such
as Broad Pass, this effect would be as significant. However, in such

. areas the 1ine itself would be visible..

Disposal of slash and debris has potentially adverse effects on
remaining vegetation and other resources. Regardless of the method of
disposal chosen, some impacts ~ou1d be expected. .

•Roads: Permanent roads would be built to provide access fromthe'
Parks Highway to the Devil Canyon and Watana damsites. Permanent roads
would also provide access to proposed ~ecreational facilities within the
project area. Temporary roads for project construction and reservoir
clearing operations would also be constructed.

Resource values impacted by proposed roads include fish, wildlife,
vegetation, recreation, scenery, water,and soils. Air and noise
pollution related to road construction and dust generated by vehicle
travel on unpaved roads could also be significant though temporary
adverse environmental impacts.

Design, location, construction, rehabilitation, and maintenance of
a project road system should give prime consideratio~ to the utilization
of good landscape management practices~
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Construction Activities: Project related construction activities
would include the building of the dams and related facilities; the .'
clearing of reservoir areas; the construction of roads, electrical
distribution systems, and recreational facilities; and the building of.·
facilities for workers. -T-he construction of the Devil Canyon and
Watana project is estimated to take 10 years to complete, with an
estimated 5 to 6 years required for construction at each of the two
sites. The activiti~s will overlap as simultaneous construction will
occur in the final 1-2 years of the Watana project.·

The activities themselves would cause varying degrees of physical
pollution to the air, land, and water within the project area and to
some areas outs·ide the development area .. Fish, wildl He, vegetation,
visual resources, soils, and other resource values could be severely
impacted by construction activities.

Roads and other facilities would be needed in order to obtain
materials from borrow sources and quarry sites for the construction
of the dams. Areas would also be needed to dispose of some materials
and debris. All construction activities could be controlled to minimize
or to eliminate adverse environmental impacts; environmental enhancement
could be considered where feasible.

Workers' Facilities: No communities within commuting distance of
the proposed project area could absorb the number of workers required

;forthe construction of the dams and related facilities. Temporary
construction camps with the necessary facilities would need to be pro
vided during the construction periods. Permanent facilities would have
be built for maintenance and operational personnel after completion of
the construction phase.

The construction and operations of the workers' camps would have to
meet State and Federal pollution control laws and standards, and all
activities could be controlled to minimize the adverse environmental

'impacts presented by the camps.

Esthetics: The project would be located in areas that have prac
\·ticallY no permanent signs of manl·s presence. The land between Portage

. 'Creek and the Denali Highway is an undisturbed scenic area.

The construction of a hydroelectric project would have a substan
;;tial impact on the existing natural scenic resource values within the
~project area. Any dam construction on the upper Susitna would change a
·free-f1 owi ng ri ver -j nto a seri es of manmade 1akes. Devil Canyon reser
voir ·wou1d fluctuate up to 5 feet, while Watana reservoir could fluctuate
up to 120 feet below full pool under normal operating conditions. The
seasonal fluctuation of the Watana impoundment would not have a substan
tial scenic impact, inasmuch as the major drawdown would occur in the
winter when public access was not possible, and the pool would be
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essentially refilled by the time access was restored. The whitewater
section of the Susitna River through Devil Canyon would be substantially
inundated by a dam at Devil Canyon. Roads and transmission lines would
also impact the natural scenic resource values of the area.

~fter dam construction, many- visitors could view the manmade
structures and their reservoirs. It can be expected that a considerable
number of tourists and State residents would visit the dams.

If consideration were given to minimizing the adverse impacts of
construction activities, a great deal could be accomplished to maximize
scenic resource values within the project area. Good landscape manage
ment practices would add substantially to the recreational experience of
the project visitor.

Air Pollution: Most of the existing electrical power in the
Southcentral Railbelt area is produced by gas, coal, and oil-fired
generating units which cause varying degrees of air pollution.

Cook Inlet gas is a clean fuel that causes few serious air pollu
tion problems at the present time. The existing gas turbines have very
low efficiencies and give off visible water vapor emissions during the
colder winter months. Also, nitrogen emissions could be of significant
concern for any proposed larger gas-fired plants.

Hydroelectric energy could replace the burning of fossil fuels for
electric power generation in much of the Fairbanks area and could help
to alleviate winter ice fog and smoke problems, which are caused in part
by coal-fired electrical plants in that area.

Hydroelectric projects provide a very clean source of power with
practically no direct air pollution-related problems. This type of
~lectrical power generation could reduce a substantial amount of future
air pollution problems associated with the burning of gas, oil, and
coal.

An ice-free stretch of warmer, open water below Devil Canyon Dam
could cause ice-fog conditions in that area during periods of extreme
cold weather.

Social:

Po~tion: Substantial increases in population are expected
within the-Southcentral Railbelt area through the year 2000, and with
the possible relocation of Alaska's State capital from Juneau to the
Railbelt, an additional population impact can be expected in this area.

The population of the area will increase with or without the
development of hydroelectric projects proposed for the Susitna River;
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construction of the project is not expected to have any significant
effect on overall population growth.

Economics: The proposed two-dam Devil Canyon-Watana hydro
electric developnlent wo~ld have a minimal to moderate overall effect
depending on various factors involved in the construction program
itself. If the construction unit is brought in from outside Alaska to
develop the project, the social and economic impact on the local system
would be minimized. but if the project were constructed using substan
tial labor and material from the Anchorage-Fairbanks area, it would have
a more moderate effect on local conditions during construction of the
project and would help to stabilize economic conditions during that
development period. It is projected that about 80 percent (878 out of
1.097 workers) of the labor force would be local and that half (439
workers) of that is labor that would otherwise be un- or underemployed.
The resulting benefit to such labor is the source of Area Redevelopment
benefit.

Various community. borough. State. and private facilities and
agencies would be impacted to varying degrees by the workers involved in
the construction of the proposed project. Workers' camps would be built
in the vicinity of some of the various construction activities, but
additional impacts would be created by the families of the construction
workers living in various nearby communities. who would require addi
tional facilities and services.

After the construction of the project. an estimated 45 permanent
personnel would be required to operate and maintain the project and
project-related faci1ities--these people would not create a significant
overall socioeconomic impact on the Rai1belt area.

Other Effects: The lands within the reservoir areas have sporadic
occurrences of permafrost. The lakes would thaw such material to a
considerable depth and increase the probability of earths1ides and
erosion of the material. However, the overburden depth to rock is
quite shallow throughout most of the sharply incized canyon terrain
of the two reservoirs and the quantities of materials which would be
involved in such sl ides and/or erosion are thus not considered signifi
cant either in terms of reservoir sedimentation or in the creation of
large waves of danger to the dams. It is estimated that of the 210
miles of combined shoreline. 40 miles could experience significant
erosion. while the remaining 170 miles would be subject to only minor
effects. The effects of even the severe erosion would be expected to
last only a few years until the thawed and saturated slopes had attained
equilibrium.
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Response to Study Objectives: The response of the Devil Canyon
Watana hydropower alternative to the study objectives is summarized

. () s f 011 ows :

Power: Provides 6.91 bi11inn kilowatt-hours average annual
energy. Meets the projected demand until the mid-1990's.

I

Flood Control: Provides ~inor flood control benefits.

Air Pollution: Provides partial air pollution abatement by
displacing and or delaying increased use of coal in
Ra i 1beIt area.

Fish and Wildlife: Direct loss of 50,550 acres of land
including 2,10Q-3,100 acres of critical winter moose
habitat. Possible adverse effect on caribou migration
and anadronous fish. Probable creation of 300-400
acres of replacement moose habitat. Possible contri
bution to establishment of non-migration fish population.
Provides 50,550 acres of possible waterfowl resting area.

Recreation: Provides l·ight use recreational facilities
equivalent to 77,000 visitor days. Adverse effect on
9 miles of whitewater boating potential.

Conservation of Nonrenewable Resources: Conserves equivalent
of 5.85 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.9 billion
cubic feet of natural gas, or 15.2 million barrels of
oi 1 annually.

Devil Canyon-Watana-Dena1i: This alternative would be identical to the
previous two-dam system except for the addition of a 260-foot-high
earthfil1 dam at river mile 248 near Denali. This dam would provide an
additional storage area of 54,000 acres, and would have no powerhouse.
The first cost of the three-dam system is estimated as $1.89 billion.
Annual costs are estimated as $115,566,000, including $2,600,000 for
operation, maintenance, and replacements. Average annual project
benefits accrue as follows:

Power
Recreation
Flood Control
Area Redevelopment

Total

The BIG ratio is 1.3 to 1.
Net annual benefits are $33,877,000.
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The system would have an average annual energy output of 6.91
billion kilowatt-hours and a firm energy-output of 6.80 billion kilo
watt-hours from an installed capacity of 1578 MW. The project cost of
energy to the distributors would be 21.0 mills per kilowatt-hour.

Project effects would be essentially identical to the two-dam
project. except as follows:.

River Flows: Average regulated downstream flows at Devil Canyon
would range from about 8.900 cfs in October to 11.000 cfsin February.
In extreme years. the flows would range from 7.800 cfs to 16.000 cfs·.
Overall, the effect would be to provide better river regulation. Flood
control would remain essentially unchanged with flood control benefits
identical.'

Water Quality: Devil Canyon reservoir would remain unchanged.
Watana reservoir would receive less heavy sediment, approximately 3.5
mi 11 ion tons per year ra ther. than 7.1 mi 11 ion tons per year. Denali
reservoir would have a high pool surface area of 54,000 acres and would
fluctuate an average of 30 to 40 feet annually to a low surface area of
35.000 acres. The reservoir would be 34 miles long and 6 miles wide at
high pool. The pool would force relocation of 19 miles of the Denali
Highway.

Fish: Resident fish would be severely impacted by the fluctuating
pool.--sDme might survive in the tributary streams at low pool. but many
would be trapped in temporary pools and die during drawdown. Downstream
effects on anadromous fish would be identical to the preceding plan.
Adverse effects to resident fish in Watana reservoir could be increased
marginally sinc~ the fluctuation of that reservoir wou1~ b~ increased
from 95-120 feet annually to 110-140 feet. providing a less favorable
environment. Stocking of Denali reservoir would probably be nonbene
ficia1 in that the pool fluctuations would have the same adverse effects
on these fish 'as on fish now resident to the tributary streams.

Wildlife: The impacts on wildlife would be increased greatly. Of
the 54,000 acres inundated by Denali reservoir. an estimated 52.000
acres is moist tundra and pothole lakes which provide moderate habitat
to moose and are highly significant as caribou habitat. In addition,
the lakes. estimated to number about 400. provide significant resting
and nesting for waterfowl. Effects at the two downstream dams would not
be significantly changed. Human access. via the reservoir at full pool.
would be-improved to the headwater areas of the Susitna River. The
major ecosystem in these areas. alpine tundra, is quite fragile and
could be adversely impacted if access were not carefully regulated.
The Denali reservoir would have a high water shoreline about 100 miles
long. However, because of the frequent and rapid pool fluctuations.
little beneficial habitat could be expected to develop.
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Recreation: . The Denali reservoir could have significant adverse
impacts on present recreationa1 uses made of the area. t~oose and

·cari.bou hunting in this area now accessible by the Denali Highway
provides a large part of the present recreational activity in the Upper
Susitna River Basin. Establishment of the reservoir, by removing much
of the suitable habitat of the. game animals, would greatly reduce the
hunting opportunities. Because of the fluctuations in the reservoir
level and the resulting unfavorable conditions for fish, little if any
replacem~nt recreational opportunity would be provided to offset this
loss. No recreational facilities would be provided at tfle reservoir in
view of the unfavorable conditions. .

Historic and Archaeological Sites: In addition to the single site
of historic interest and 40 zones of archaeological interest contained
in the two-dam system, the Denali reservoir would emcompass 20 archaeo
logical zones of interest and 3 potential historical sites.

Mining: The area adjacent to the Denali reservoir has ~ long and
continuing history of gold mining. Although no active mines would be
inundated by the reservoir,further exploration and/or development
within the confines .of the impoundment would be hampered or precluded.

Transmission System: Because Denali Dam would have no generation
capacity, no additional .transmission lines or effects would result.

Roads: In addition to the effects of the two-dam system, there
would be a required relocation of about 19 miles of the Denali Highway.
The temporary constructi'on access roads would, for the most part, be
merged into the permanent road. ; The most significant effects of the
relocation would be loss of abolit 200 additional acres of wildlife
habitat and better access to the damsite vicinity., which could impOSe
added pressures on wildlife.

Construction Activities: The general effects would be those
listed for the two-dam system with the addition of an estimated three to
four years of such activity at the Denali site.

'Workers'Facilities: Construction of a Denali Dam would require a
temporary camp for about 600 workers since the only nearby settlements,
Denali and Paxson, do not have facilities which could absorb the work
force. The impacts and controls required would be the same as listed
for the two-dam system.

Esthetics: The Denali Dam and reservoir, with the Denali Highway
crossing the dam structure itself, would be highly visible to an motor'
traffic. The reservoir at less than full pool would have a definite
adverse impact on the scenic values of the area. Because of the gener
ally flat terrain within the reservoir, even a few feet of fluctuation
in the pool level would create a wide "bathtub ring" of defoliated
shore. At large drawdowns, the ring could be a mile or more in width.
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~Nomeansof preventing or significantly lessening the impact of this
. feature is compatible with the power production objective which requires
~"the drawdown.
\
'if Air Pollution: ExcepJ for the short-term effects of construction
activTties at Denali Dam, "the effects of the three-dam system would be
'identica1 to the two-dam system.

Social: The effects would be the same as for the two-dam system
except that additional employment would be provided. The increased
Area Redevelopment benefits reflect the additional use of un- or under
Yemployed labor in the construction of the additional dam and facilities.
(As'previously stated, the addition of the Denali Dam would result in an
~~crease of 4. from 45 to 49, in permanent jobs created in operation and
~Mintenance of the dam system. The construction of permanent living
quarters at the damsite might be foregone in favor of locating the
~ersonnel at Paxson.

Other Effects: The Denali reservoir area is underlain by perma
,frost. Inundation would cause a significant thawing of this material.
;ffecause of the very flat terrain, earths1ides should not be'of conse
\qoences. However. the materials are generally very fine-grained and
'when thawed and saturated could have poor structural integrity when
subjected to earthquakes. As such, the materials pose a difficult
technical problem in the design of a Denali Dam. The cost of adequate
'remedial foundation treatment for the structure is a significant factor
lnthe overall cost of what would otherwise be a relatively small dam.
'Erosion of the thawed shoreline would not contribute significantly
'to sedimentation of the reservoir. It is estimated that all of the
lOO-mile shoreline could be subject to severe erosion until\equilibrium
'was restored and vegetation reestablished. "

Response to Study Objectives: The response of the Devil Canyon-Watana
Denali hydropower alternative to the study objectives is summarized
as follows: .

Power: Provides 6.91 billion kilowatt-hours average annual .
energy. Meets the projected demand until the mid-1990's.

Flood Control: Provides minor flood control benefit.

Air Pollution: Provides partial air pollution abatement by
displacing and/or delaying increased use of coal in
Railbelt area.

Fish and Wildlife: Direct loss of 104.550 acres of land,
including 2,100-3,100 acres of critical winter moose
habitat, and 52.000 acres of important caribou habitat
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and waterfowl nesting area. Possible adverse effects
on caribou migration and anadromous fish. Probable
creation of 300-400 acres of replacement moose habitat.
Possible contribution to establishment of nonmigratory
fish. population. Provid~ 104.550 acr.es of possible
waterfowl resting area.

Recreation: Provides light use recreational facilities
equivalent to 77,000 visitor days. Adverse effect
on 9 miles of whitewater boating potential. Probable
adverse effect on recreational hunting and fishing
in 54,000-acre Denali reservoir.

Conservation of Nonrenewable Resources: Conserves
equivalent of 5.85 million tons of coal annually.

Energy Independence: Conserves equivalent of 112.9 billion
cubic feet of natural gas, or 15.2 million barrels of
oi .1annually.

Devil Can,xon-Watana-Vee-Denali: This alternative would consist of the
previously described dams at Devil Canyon and Denali with a lower (515
feet vs 810 feet) earthfill Watana Dam and a 455-foot-high earthfil1 dam
in Vee Canyon at the extreme head of Watana reservoir at river mile 208.
The three downstream dams would have powerhouses and switchyards. An
additional 40 miles of access road would connect Vee Dam to Watana Dam.
An additional 40 miles of transmission line wou1da1so be required to
connect Vee Dam to the downstream system. The dam would have a visitor
center, a·boat ramp, and limited recreational facilities. The project'
first cost is estimated as $1.95 billion. Annual costs are estimated as
$102.491,000. including $3.200,000 for operation, maintenance. and ~
replacements. Average annual project benefits accrue as follows:

Power
Recreation
Flood Control
Area Redevelopment

Total

The BIC ratio is 1.3 to 1.
Net annual benefits are $28.655.000.

$119.725,000
400.000

, 50.000
10.971.000

$131,146.000

The system would have an average annual energy output of 6.88
billion kilowatt,..hours and a firm energy output of 6.15 billion
kilowatt-hours· from an installed capacity of 1570 MW. The projected

,energy cost to the distributors would be 24.3 mills per kilowatt-hour.
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Project impacts of the Devil Canyon, Watana, and Denali Dams would
be essentially as described previously, except that Watana reservoir
would have an area of only '14,000 acres. Because the most favorable
wildlife habitat is in the vicinity of the stream-river confluences,
there would be essentia11~ the same losses of critical winter moose
habitat as with the higher dam and larger reservoir. Vee reservoir,'
about 9,400 acres in extent, would impose the following additional
impacts.

River Flows: Average regulated downstream flows at Devil Canyon
would range from about 7,900 cfs in October to about 12,200 cfs in
August. In extreme years, the flows would range from 5,800 cfs in
October to 23,000 cfs in August. River regulation would be somewhat
better than that of the two-dam system and not as good as that of the
three-dam system. Flood control benefits would be identical in origin
and value to the other plans.

Water Quality: Sediment entrapment at Watana reservoir would
decrease further to 2.0 mi 11 ion tons, per year from the 3.5 mi 11 i on tons

, per year of the three-dam system, the difference being the entrapment of
Vee reservoir. All other, downstream water quality effects would remain
essentially unchanged.

Fish: The lower Watana reservoir level would offer less opportunity
for allowing resident fish to get to the upper tributaries above the
steep sections of these tributaries which now bar use of this possible
habitat. In addition, Vee reservoir would flood the mouth of Tyone

, River with a fluctuating and turbid pOOl and would, in all likelihood,
severely decrease the present resident fish population of this, the main
clearwater tributary of the upper Susitna River. Fluctuations in Watana
reservoir would be decreased to an average of 80-95 feet, which might
offer potential for establishment of a lake-oriented fish populace by
stocking. Simultaneously, fluctuation of Denali reservoir would increase
to an average. of 40-60 feet. No change would occur in 'effects on fish
below the system of dams~

Wildlife: The addition of Vee reservoir to the system would have
a significant impact on wildlife. About 7,000 acres of the 9,400-acre
reservoir are lowland spruce-hardwood, which is prime moose habitat and
favorable for smaller mamnals because of its diverse vegetation. The
inundated lands are much less precipitous than those of the Devil Canyon
and Watana reservoirs and are not only more favorable for. but are much
more heavily used by wildlife, especially by moose. ' In addition, if the
reservoir systems should prove to be,a barrier to traditional caribou
migration routes, forcing the caribou togo around them, Vee reservoir
woul d increase the detour, mi 1eage from 25 to 45 mil es from the Kos ina
Creek-Jay Cree,k vicinity. The Vee reservoir would have a high-water
shoreline about 100 miles long. Because of the large and frequent
pool fluctuations, little beneficial habitat could be expected'to develop.
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~_ecreation: Vee reservoir would increase the recreational poten
tial of Watana reservoir by reducing the fluctuation level of that
impoundment. The Vee impoundment and the additional access provided by
the necessary roads would provide added recreational opportunity in
themselves, although the Vee reser~ojr would have an average drawdown of
90-100 feet. As with the two downstream reservoirs, low density fishing,
boating, hiking, and camping use would be most in keeping with the land
and location. An increase in use days to about 100,000 (from 77,000)
would give recreational benefits estimated at $400,000 annually.

Improved access would also tend to increase hunting pressures in
the area extending from Watana Dam to Vee reservoir. As a result, added
~ressures would also be placed on responsible agencies to insure proper
resource management.

Historic and Archaeological Sites: The area at and around the
mouth of Tyone River has a long history of occupation and use by man.
Vee reservoir would affect 25 zones of potential archaeological interest,
by far the most of any single reservo,ir studied. Representatives of the
native people of the region have ,ind1cated that the Tyone River con
fluence with the Susitna River is a long-used and valued area which the.y
would not care to see disturbed. Construction of the reservoir would
benefit archaeological knowledge in that it would spur exploration of
that area; however, it would adversely affect both the interests of the
native peoples and future possible archaeological explorations.

Mining: The Vee reservoir would, in itself, have little probable
effect on mining potential beyond that of the other impoundments of the
system, especially Denali reservoir.

Transmission System: An additional. 40 miles of transmission 1in~
to connect Vee Dam and powerhouse to the system downstream would be
rec.uired. This would involve additional c1ear',ng and disturbance of
approximately 900 acres. The effects of this would be the same as for
the rest of the transmission route in type, but would be increased in
proportion to the added line length.

Roads: An additional 40 miles of access road would also be required
for the Vee Dam. This would require approximately 500 additional acres
of habitat loss and disturbance of wildlife. This particular section of
road would intersect the general caribou migration routes in the Kosina
Jay Creeks vicinity. Although the road should pose no bar to migration,
there would be possible interference between the animals and humans
inasmuch as the road would be open to vehicles during the summer when
the northward movement of the herd could be expected.

Construction Activities: The type of effects would be the same as
for D"evil Canyon and WatanaDams. Vee Dam would prolong the period of
effects by about five more years.
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W?r~ersl Facilities: As wi~h the preceding systems, no existing

,eommum tl es coul d absorb the proJect workforce. Commuti ng di stance from

i'the nearest established ·camp facility, Watana Dam, would be too great

for economical use of these facilities. Thus, a temporary camp would be

required in the vicinity~{)"f the damsite. The effects would be identical

ana additive to those previously described for the two-and three-dam

systems.

Esthetics: . The previously discussed adverse visual impacts would

be increased. The "bathtub ring" at Denali reservoir would be increased

by the added drawdown. The Vee reservoir area, not so much the steep

canyon sections, downstream of Oshetna River, but the more gently sloped,

rolling terrain in the Tyone River and upstream area, would acquire a

similar ring of defoliated barren land which would decrease the scenic

value drastically. These would be additions to the downstream effects

described for the other systems.

Air Pollution: Except for the short-term effects during construc

tion of Vee Dam, the effects of the four-dam system would be identical

to the three-dam system.

Social: The effects would be the same as for the two- and three

dam systems except that additional employment would be provided. The

Area Redevelopment benefits from this plan reflect the increase in use

of un- or underemployed labor over the other plans. Facilities would

have to be provided at the dam for permanent operating personnel. It is

estimated that 10 additional permanent Jobs would be created by con

struction of Vee Dam, raising the system total to 59.

Other Effects: The effects of the reservoir on underlying perma

frost would be a combiriationof the effects at the downstream reser

voirs and the Denali impoundment since the Vee reservoir would lie

in part in steep canyonsw,ith shallow frozen 'overburden and in part

in flatter terrain similar to the Denali area. No significant reser-

voir sedimentation or slide-caused waves would be expected. Signifi

cant shoreline erosion would be expected to affect about 35 miles of

the shoreline for a few years until an equilibrium condition was

reached.

~esponse to Study Ob~ectives: The response of the Devil Canyon
Watana-Vee-Denali hy rbpower alternative to the study objectives is

summarized as follows:

Power: Provides 6.88 billion kilowatt-hours average
annua 1 energy. ~1eets the projected dema.nd until
the m; d- 1990 IS •.

Flood Control: Provides minor flood control benefits.

I 461



Air Pollution: Provides partial air pollution abatement by
displacing and/or delaying increased use of coal in
Ra il beIt area.

Fish and Wildlife: Direct lo~_of 84.950 acres of land
including 9.100-10,100 acres of critical winter moose
habitat, and 52,000 acres of important caribou habitat
and waterfowl nesting area. Possible adverse effects
on caribou migration and anadromous fish. Probable
creation of 300-400 acres of replacement moose habitat.
Possible contribution to establishment of non-migratory
fish population. Provides 84.950 acres of possible
waterfowl resting area.

Recreation: Provides light' use recreational facilities
equivalent to 100,000 visitor days. Adverse effect
on 9 miles of whitewater boating potential. Probable
adverse effect on present hunting-fishing use of Tyone
River confluence. .

Conservation of Nonrenewable Resources: Conserves
equivalent of 5.83 million tons of coal annually.

Energy Independence: Conse.rves equi val ent of 112.2
billion cubic feet of natural gas, or 15;1 million
barrels of oil annually.

NED PLAN

From the preceding evaluations, it is concluded that the sY$tem ..
comprised of dams at the Devil Canyon and Watana sites best accomplishes
the objective of maximizing National Economic Development. The two-dam
system has the highest B/C ratio at 1.4 and the maximum net benefits at
$43,801,000 annually while producing electrical energy equal to any of
the other plans.

EO PLAN

From the preceding evaluations, it is evident that no means of
producing a meaningful output of electrical energy was found to be free
of significant adverse environmental effects. The plan which minimizes
the unavoidable adverse impacts on fish and wildlife values while
providing beneficial contributions to air and water quality and social
well-being is considered to contribute most to the Environmental Quality
objectives. On this basis. the system of two dams at Devil Canyon and
Watana is also the EQplan.
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THE SELECTED PLAN

The two-dam Devil Canyon-Watana system is selected as the plan
providing the best overall response to the study objectives. The
following table displays a summary comparison of the significant

. facts and factors which~'guidedformulationof the selected plan.
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TIlE SELECltD PlJ\J~

The plan which provides the most economical development of elec
trical power generation for the Railbelt communities at the least
environmental impact is a hydroelectric alternative consisting of two
high-head dams and accompanying powerplants located in the Upper Susitna
River Basin. The two projects, Devil Canyon and Watana, would produce
6.1 billion kilowatt-hours firm annual energy 1lI) with a dependable
capacity of 1,568,000 kilowatts. Table C-28 gives a summary of the
energy capability of the system.

The Devil Canyon project, located 14.5 miles upstream from the Gold
Creek stream gage, would be a 635-foot thin-arch concrete dam with the
powerhouse located underground. The reservoir would inundate 7,550
acres and 28 miles of natural river, thus giving 1,050,000 acre-feet of
storage capacity. The multi-level intake structure would allow a maximum
power pool drawdown of 175 feet, but when operated in conjunction with
the upstream Watana reservoir, Devil Canyon annual drawdown would normally
be less than 5 feet. Drafting of the Devil Canyon reservoir would occur
only under the most adverse streamflow conditions, and only after complete
drafting of the Watana usable storage. Normal maximum pool elevation
would be at elevation 1450 feet, and the average tailwater elevation
would be about 875 feet. The powerhouse would have four 194 MW Francis
units. Hydraulic capacity of the four-unit installation would be about
25,000 cfs at critical head.

The Watana project located 32 miles upstream from the Devil Canyon
project would contain an underground powerplant and an earthfill dam
built to a structural height of approximately 810 feet. The large
storage capacity of the Watana reservoir would provide flow augmentation
during periods of naturally low streamflow. The reservoir would extend
54 miles upstream and have a surface area of 43,000 acres. The total
storage capacity would be 9,624,000 acre-feet after 50 years of sediment
inflow. The useable storage capacity would be contained in the top 250
feet of the reservoir and would total approximately 6,100,000 acre-feet.
Normal maximum pool elevation would be 2200 feet and the average tail
water elevation would be approximately 1470 feet. The powerhouse would
contain three 264 MW Francis units with a combined critical head hydraulic
capability of about 23,000 cfs.

1/ Preliminary scoping studies gave the selected plan a firm annual
energy capability of 6.25 billion kwh, but refinements in turbine sizing 
and reservoir regulation criteria reduced this to 6.1 billion kwh.
Other systems studied under the scoping analysis would be similarly
reduced for turbine sizing and reservoir regulation ..

464



",
,

~'.

.,'';"
~.~..

I)Ill.

§
§

IIil
!

a
1

;II,-
..;

*
i.

~
I
iJi::.

;-'

!§
"

....§

!!fi!
~

I
:II

:loS
ai

~
~

~.:II.
Ii

§
;

I
iIi.:

W
§"

!i~

I!:

4
6

5

ij

I~
~

a!
~.

.
~
§
j

§~

"
II

II
!

;
:;

i.
;I

aB
§

!
i

.'I
i

§
:

~
!

3
i

~a•a
~

=
!&

i
~
i

!
5I:~
":1~-

"" ..

.._~."..
~
;
;
-..:....~..~

.
'.~~

!!:I
:-::

~
..i

·i
..

-.-'
~

1"""1
I

1
U

i
i"

i
i

:.it
!

!
.
~

§
i!

i
..

.......""::-.
:
~
.

i
~1

(•.
!

i
"

1
t

i
.'Ii

"IU
U

§
I

U
I
~

N
~
=

,§"
1

~

I
~

!
~

II
!

$
~"

;II

t.i~ii
!3"

i~
~

~i.
~.'1

~"
';

51:
51:

Ii
i

::l

=
I·

~
':i

:;f
"~

§
=

a.
•

;
-

,\

i
II

.
~
"

Ii
J"

e
~

';

""
.

U
·

:;
..-I

;:
~1

I~,
a

~8
!

5I:~
..

'..
:
;
.
~
.

.;
._
...,

'..:.0.
_"._.c....

,
.•

li.a



4
6

6



~::.

---
~

a.4ue..·· yht."tu 1loatiQl potallttll1,
Potat~l.~"'" "~ltal \01...
WK..... ''Of, U nMnotr'e,-
·~"'I'I.. ~ llD1lt....C

"j<":i
"J: .eo

_.

ledoeed -tu"'W1' "ttOl·~\
'otallall''''.'' ".I'-t~~.··
......t.oo111 - ....... -ft1!II't;""", . .;' '.' ',!,.~:(~:~::C: '

","~;~"t~f~..

}~~;,

81PtftColDt potntial

110 dfect
. rotential~ bJ' 'bI'lut 10.....=;,,::.=:.:= pollattOM, of

~,

1.'.O~10

"~'·::<·'\·;';'~;h'·',

::If:rs-E'!:"'"' ~~-~=,,> -:~~-_.~>~~~
·e, (S) ....""..l .....tt .'. 'Z. _.". .:t:....~

.;"::-~c:.t'u:e-.~~"'::.~tt.i:..J=.~..:<;l
.)~.":::=~1 .'l'·=f"'~&:;:.;l'

ftt~eI' or •• ,1.6.•0.' . a 40 60 ," U~. . ." .... "'1" f.l~\~;;· :

:: §::::::'. :::::::: : t': .:. ,,:;;":-'.[,;:,,';/
.sOcu.~ IlELL-U"" . 4. lIM _I;"~".~':('

'.; .:l~f=~=t:f4 ...1ttr :-.< . ,'.=C: =~~·'~'··f~
of Ufo....1......... S. t1lo'-'''Ia9''Io~<''

:;'e:,." p~t~ed ,II6.,!,.' 6.t btlll_ k~ltJWtt-t.oun....11' ,~, '111t.oo 1t11G1Mtt.....,..'.~lb f •., 1Ji111~ .:l1CM1~taboun _._11, 6.'~1l~t.oa kf"kJlaMU.o""", ....n': .~. ~~~.::.r;r·~~{;,
b) ~~~~Cho'" . . _~ ~""" ,<,,:~;,~, '~:::,~ii~i:t

'\,(2) ~~::~:)c.ultu'nltl 1.6.0,9 T.. . f.. Y.. . ,...~ .... J _ ".,~~~i<·,,;·::",~:,

6or:.e"'Uo~1 OppoT- 1•.:·.,"1'1a,p":~1 'M_:
"diU" ) . .'tlioMtlMSa _ ~

.• ) c.-,.plna. ,icnl'CW. . •• o..,:1appt.. ,-.u7.& • ,c •• ;

& .lgh~Mins 1,','0,10 0 .77,000.•_ ..,. 77.000 u ...,. . 100.000 u ,. "" '~"'" ~c~;,s,~.:~~~

b) .:rK~~ .cr.... 1,6,0.. 0 50,550 50,'50 t;o.I~,J50 )Q,.SO·Co "~'sO' .:~."~,'/:'.":"""~:':~'?:-::,::~:;;';7''c
el) :l.b~wtl' aUup 0 " 31 10 ~" '''·:t, :'<:~~.{~J

1) lAke I.e...... 1,'.0,10 0 SO,,'O 50.* ~,'50 't" :1llf.K~.rill ~pir,·vi.~':,
.2): ~'bef, .U... 1,6.0,' 0 61 It •. . ...,~t.~ '.~'J', ~:'r

. d) 'celt" tel n-o-t. .10.~~t ,.11li~·n1tt':
".«':' t·..........iRo.~.~'·

1) McelliMt' , .. ', ~ '."d~ an ~., ...~.:...
2) :~:::e,r_ 1,S,O,~O 160,000 to 4eG,OOO 480.000 to 6GG,OOO 600.000 to 720,000 ~,ooq,OOO te 1,100,000 •'it. ":'U;::t;-=,=!:::;::..:

, .11~ ,1,••0.')0040 40-50 500060 ,,~ulo' '-:alit. ' MIJ:f ~.,
3) Aneap f. .. ~., t· l·act ' !\'. ,

.,'float ,l.Ine "" ~ .,.: ,;.~:,~ .. ',,'~'.":'.
operaUon , 1,6.0.9 0 SO.'SO • I ," 50,"0 to \00\,550 3CI,'SO to ".ltO , ,\,~' "* ......:;. '"

,Il) kl.t.l n~... ,' ..:J.. '. ' 1IIida:.UL, '.:,":"'-''',':_~ .. '
, knoIIletise 1,.,0,11' 110 &dud tnw.t.mt~ 'ot,tbl, SU.280.000 .re~l...~. ,$ 18,900.000 ~ fl9._.toG .' , '.",.,. ~,<,.,(.:-,:.. ~:>,~\,

. . . ' i ......c:.at 'I' • J~ ...tlcaU,:'N!',',:"·,;'·
·(3) .~ne"81, "UDurc.. coo.. ~.;;! • ,,,l_b:"t~,~·...t-~

:)~~'~par '_I' of .r :.a I1~W·~~:,(-:,'~·~r':;~~,::~~';
cCMIIl l,6.0;f 0 ".850.000 • '.ISO.OOO S '.130,000 ., . -'j-,I ·:'~":',:.1~· ~t ·7,'

,. oW..."..hrlp&cih· ~, .
(1)' Dlhrlo"ut~ ill "

qualt.ty of Itta. ~lth
and ••le"
.) Ate ,q.Uty .

(2) Dearad" eckC.t1~1,
, cultural... nr:rea'"
'; tlOlllil opt)O"e;,Iftltte.
. .) AI'c:huD:loaical

'"~·"~lcat.,..
tr....~fol..."!

iaa·pro.Me=t ,C..~ ,

".tnet~ .

{

.e:
o......



~!~
~

~,:

I

4
6

8



At-Site
Selected Plan Power Capabilities

Cri tica1
Period Average

~1onth Ener9) Ener~)(MWHR (MWH

October 8.0 488,000 488,800
November 8.8 536,800 536,800
December 9.7 591,700 591,700
January 10.6 646,600 646-,~OO
February 9.0 549,000 549,000
March 9.4 573,400 573,400
April 8. 1 494,100 494,100
May 7.5 457,500 457,500
June 6.9 420,900 420,900
July 6.9 420,900 510,000
August 7.4 451,400 865,200.
September 7.7 469,700 756;000

Total 100.0 6,100,000 6,890,000
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Power would be delivered to the Anchorage and Fairbanks load
centers via a double circuit, double tower transmission system, which
would consist of 136 miles of 345 kv circuits from the Devil Canyon
switchyard to Anchorage and 198 miles of 230 kv line to Fairbanks.

POWER CAPABILITIES

Following is a tabulation of the power generating capabilities of
the Devil Canyon and Watana projects.

At-Site Power Capabilities

Insta11 ed Capaci ty (MW)
Maximum Peaking Capacity (MW)
Dependable Capacity (MW)

Average Annual Energy, 106 kwh
Flrm Annual Energy, ~06 kwh
Secondary Energy, 10 kwh

Devil Canyon

'776
892
776

3,410
3,020

390

Watana

792
911
792

3,480
3,080

400

Total

1,568
1,803
1,568

6,890
6,100

790

Under the scoping analysis, dependable capacity was based on firm
annual energy and a 50-percent plant factor. This method was adopted in
order to minimize the relative importance that secondary energy would
have on plant sizing. On the other hand, dependable capacity for the
selected plan has been based on average annual energy. This method was
employed because of the infrequency of a critical period as severe as
the 32-month period on which firm energy is based. In order to evaluate
the exceedence frequency of the critical period, a synthetic low flow
frequency curve was constructed for the Gold Creek gaging stations for a
32-month flow duration. Four hundred years of monthly streamflow were
randomly generated based on the statistics of the 25 years of recorded
Gold Creek streamflow. And in accordance with the method outlined under
"HEC-4. Monthly Streamflow Simulation. II 1/ Consecutive"32-month periods
were derived for the 400 years of synthesized monthly streamflow, and a
low flow 32-month frequency curve was developed in accordance with
procedures outlined under Chow's Handbook of Hydrology, Chapter 18. 2/
Superimposed on the frequency curve, graph A-14 is the 32-month Gold
Creek selected plan critical period. The respective exceedence interval
for the critical period is 400 years. On the basis of this rather
infrequent return interval it appears appropriate to base dependable
capacity n~t on firm energy, but rather on average annual energy.

1/ "HEC-4. Monthly Streamflow Simulation", Generalized Computer Program
i23-340. Hydrologic Engineering Center, U.S. Army Corps of Engineers,
Davis. California, February 1971.

2/ "Handbook of Applied Hydrology", Yen Te Chow, Editor-in-Chief.
McGraw-Hill Book Company, New York, 1964.
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Firm Annual Energy is based on average energy produced during the 32-
month critical period. The Watana units are designed to produce dependable
capacity with the head available in the February with the second greatest
drawdown in the 25-year period of record (February 1970). February is
assumed to be the most critical month considering both system loads and
reservoir drawdown. The worst February (February 1971) has an extremely
low probability of recurrence, so it was considered that the second
worst February would be more appropriate for evaluating dependable
capacity. The head duration curve for Watanais shown on Graph C-lO.
Coincidentally, the Watana critical head is the same as the February
1970 head, and therefore, the Installed Capacity equals depend,able
capacity. Because the Devil Canyon power pool would never be drafted
during the period of peak load demand (February), design head for that
project was established at full .pool elevation, and consequently, in-
sta 11 ed namep1ate capacity equa1s dependab1e capaci ty .

Nameplate capacity is based on the head available at average pool
elevation. It is assumed that the units will generate rated capacity at
most efficient gate opening at this head. It is further assumed that
the units will generate rated capacity at full gate opening at critical
head. The units would also be. capable of generating 15 percent overload
at full gate at average head. Assumed performance charts for the Devil
Canyon and Watana units are shown on Graph C-ll .

. Alaska Power Administration has estimated transmission losses for
the selected plan to be 3.2 percent on peak capacity and 0.7 percent on
average energy (Section H). Following is a computation of the at-market
power capabilities of the selected plan:

Losses At-

50 1,518
58 1,744

48 6,842
43 6,057
5 785

1,568
1,802

6,890
6,100

790

Market

Dependable Capacity (MW)
Maximum Peaking Capacity (MW)

Average Annual Energy'6106 kwh
Firm Annual Energy, 10 kwh
Secondary Energy, 106 kwh

At Market Power Capability

At-Site

SEASONAL RESERVOIR OPERATION

The basic reservoir operation consists of having the reservoirs
full at the end of the summer high runoff season (May-September), with
drawdown occurring through the fall, winter, and spring months as
required to meet loads. Drawdown would be guided by rule curves which
are based on a 32-month critical period. In actual operation, drawdown
during late winter and spring would be adjusted in accordance with
runoff forecasts, and this would permit better utilization of secondary
energy than is shown by the simulated operation studies.
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With both projects in operation, storage would normally be with
drawn from Watana, the upstream project, and Devil Canyon will be kept

at or near full power, to maximize generating head. The only condition

under which Devil Canyon stora~e would be withdrawn would be in late

spring at the end of the critical period, after Watana usable storage
has been completely evacuated. The probability of this occurring is
very small. The monthly regulated and unregulated damsite streamf10ws

for the 25-year period of operation are shown on Tables C-29 and C-30.

The Devil Canyon pool would normally be maintained at maximum pool

elevation in order to develop maximum head and minimum flow. The Watana

storage would be drafted to maintain f10~.."r~quir~ments for both projects
and, therefore, the average annual Watana drawdown would be about 100

feet. Power intake structures would be situated to limit the maximum
drawdown to 35 percent of the maxjmum head at Watana and 30 percent at
Devil Canyon. The operation study for the selected plan revealed that

in 11 of the years of the 25-year study period, annual runoff was
insufficient to refill the Watana res.ervoir. Five of the years had.
runoff vol urnes in excess of the combined capacity of Watana reservoir

storage and turbine hydraulic capacity, and hence spills occurred. The

magnitude of the spills was such that the outlet works could accommodate

all flow without the use of the spillway. P1,ate C-11 illustrates the

seasonal regulation of Devil Canyon and Watanathrough the 25-year
period of record. Graph 12 shows frequency of drawdown by month for
Watana.

A slightly different operation will be followed during the early
years when only Watana is in operation. This will be necessary for flow

control at the Devil Canyon damsite during construction of that project.

It is not anticipated that the modified operations will alter the firm
energy or dependable capacity ofWatana during the Devil Canyon construc

tion. Plate C;.10 describes regulation of the Devil Canyon project

without upstream storage over the 25-year period. of record.

DAILY PROJECT OPERATION

The actual role of the Devil Canyon and Watana projects in meeting

the system daily load will depend on the other types of generating
plants in the Rai1belt system and the preva i1 ing, fuel costs for fossi 1

fuel-fired plants. It will also depend on the relative magnitude of the

load on any given day and the amount of secondary energy which could be

generated in addition to firm. Under some conditions it can be expected

that both plants will be base10aded, with the result that discharge
fluctuations will be minimal. I~ other situations, Devil Canyon and
Watana may be re1 ied on for "peaking," thus following the daily f1 uc

tuations in system load. If operated in the peaking mode, fluctuations

in discharge will occur.
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Estimated Regulated Streamflow at Devil Canyon and Watana Damsites
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, Most of the time it can be expected that the Devil Canyon-Watana

system wi 11 be required to generate 'acombi nati on of baseload and

peak:i~n9"power. In this situation, it is planned to carry as much of the

peaking load as possible at Watana and operate Devil Canyon at near

baseload generation. This would minimize fluctuations in the open river

below Devil Canyon. Graphs C-13 and C-14 illustrate this type of operation

The portion of the load served by each project is shown on Graph C-13, •

the resulting streamflow is presented on Graph C-14. Also included is the

stage-discharge relationship for the Gold Creek gage 15 miles downstream

from Devil Canyon. Although the river width is different for the Devil

Canyon and Gold Creek stations, the steep channel slope at Devil Canyon

should compensate for the Gold Creek width which would in turn make the

Gold Creek stage fluctuation representative of· Devil Canyon.

However, during periods of high power demand or when forced thermal

outages make other generating resources unavailable, the full peaking

capability of both Devil Canyon and Watana may be required to meet

system load. It is anticipated that this will occur infrequently. The

most extreme condition with both projects peaking would occur in winter.

However, under unusual tircumstances, hi~h peaking demands could be

placed on both Devil Canyon and Watana at other times of the year.

GraphsC-15 and C-16 illustrate a possible operation on a high load

day in the winter of 1995. Although the daily load factor of the system

demand is 81 percent, the hydro system has been assigned to operate

under a 62 percent daily load factor. In order to meet the demand, but

still provide some of the system's reserve requirements, all three of

the Watana installed generators would be required, and th~ee nf the four

Devil Canyon units would be used. The minimum generator load was assumed

to be 40 percent of namepl ate capaci ty. Under these extreme condi ti ons,

the daily fluctuation at Gold Creek would approach three feet. If the

full peaki ng capabil ity at Devil Canyon were requi red, the fluctuati ons

could approach four feet. However, most of the time the daily fluc

tuations would not exceed two feet.

Duri ng the 1atter part of summer when both Devi 1 Canyon and
Watana reservoirs are filled, both of the reservoirs would be releasing

constant streamflow amounts that would match the natural streamflow

hydrographs for the two locations. The river stage for both locations

would then match the stages that would have occurred under natural

conditions.

FUTURE GENERATING UNITS AND REREGULATION

If power system development in the Railbelt area follows the same

course as systems elsewhere, large baseload thermal plants will eventually

be built to handle increasing baseload power demands .. Hydro systems

such as Devil Canyon and Watana would then move up in the load duration

curve to handle peaking demands almost exclusively. However, in order

to provide the peaking capacity, additional generating units would be

required.
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If no provls10ns are made for future units at Devil Canyon and
Watana, the cost of installing them at a later date would be very high.
Qecause of the underground powerhouse construction and additional
tunnel requirements. However, minimum facilities could be included in
the initial construction phase at relatively low cost. Under the
existing plan of development, it is technically feasible to include at
least two additional units at each plant, thus lowering'the annual
hydro load factor to 32 percent. More detailed studies of future system
requirements may ultimately show that even more units would be needed.
Therefore, although the present plan does not make provisions for skeleton
.bays, their inclusion during initial construction should be carefully
considered under GDM Phase One should the project be authorized.

In addition~ consideration should also be given to altering the
number of units in each project. It may prove desirable to utilize the
Devil Canyon units strictly for baseload power, and the Watana units for

. all peaking power. This operation would require an increase in units in
the Watana powerplant, and a decrease in number of units in the Devil
Canyo.n powerplant.Devil Canyon would then provide reregulation for
Watana peaking operations.

However, if additional units arein~talled at Devil Canyon a
reregulatingdam downstream to minimi·ze the impact of the increased flow
fluctuations resulting from peaking operations may be required. The
cost of the -reregulating dam could be partially defrayed by at,..site
power generation of baseload electricity. While no detailed site selection

es have been made for a reregulating dam, suitable sites appear to
be available as a possible future element of the selected plan.

ECONOMIC ANALYSIS

Costs: The detailed construction costs for the two projects and connecting
transmission systems are presented in Section B of this Appendix. Also
shown is the construction timetable. and the estimated construction costs
to be expended during each year of the construction period. It is antiti-"

." pated that construction would begin in 1980,Watana would be completed
in 1986, and Devil Canyon would be finished by 1990. The total estimated
first cost of the Devil Canyon and Watana projects and. transmission system
is $1,520,000,000 based on January 1975 price levels.

Interest During Construction (IDC) computations were based on each
year's estimated expenditure. Simple interest was calculated at 6-1/8
percent for each of the annual expenditures. Expenditure and IDC accruing
beyond the 1986 POL date of the Watana project werepresent-worthed back
to 1986. The resultant investment cost was then amortized over 100 years
at 6-1/8 percent to give the annual interest and amortization cost. The
IpC, investment and annua1 interegt and 'amortization cost computations
are summarized on TableG-31.
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INTEREST DURING CONSTRUCTION AND AVERAGE ANNUAL CONSTRUCTION COSTS
FOR PROJECT AND SYSTEM DEVELOPMENT

5,390 165
5,390 5,390 495
9,840 10,780 961

15,170 20,620 1,728

16,186 35,790 2;688

101,596 51,976 6.295
148,784 153,572 , 13,963

90,359 302,356 i 21,286

35,531 392,715"" 25,142

~
428,246 26,437

435,006 435,006 99,160

(304,501) (69,411)

SELECTED PlAN DEVIL CANYON PHASE
SELECTED PLAN WATANA PHASE

Annual Acc\Jl!lll1ulated Intereat
Construction COns'tructton During

!!!! Cost Cost Construction

($1,000) ($1,000) ($1,000)

1977 5,659 173
1978 6,200 5,659 537
1979 17,919 11,859 1,275
1980 17,919 29,778 2,373
1981 46,453 47,697 4,344
1982 92,852 94,150 8,611
1983 202,090 187,002 17 ,643
1984 347,421 389,092 34,472

~
1985 219,893 736,513 51,845

011 1986 120,890 956,406 62,282 1
~ 1987 19,498 1,077 ,296 - 1,125

1988 1,096,794 1,096,794 182,430
1989
1990
1991
1992

1986 Present Worth

Annual
Construction
Cost'

($1,000)

Acc\Jl!lll1ulated
Construction
Cost
($1,000)

Interest
During
Cons truc,t ion

($1,000)

Percent
of Constructic
Costs
('l.)

0.4
0.4
1.2
1.2
3.0
6.1

13.5
23.0
15.0
8.9
2.3
6.7
9.7
5.9
2.3
0.4

"iO'O":O

Construction Cost (~)2
Interest During Const.(PW)
Investment Cost

Average Annual Cost

$l,096,794~000
182,430,000

$1,279,224,000

$ 78,544,000'

Construction Cost' (PW)
Interest During Const.
Investment Cost

Average Annual Cost

$1,401,295,000
(PW) 251,841,000

$1,653,136,000

$ 101,520,000

1. The 1987 expenditure is discounted one year to the POl. date.

2. "PW" in this and later tables indicates that figure has been discounted to the October 1986 power-on-line date.



Annual Operations, Maintenance, and Repair (OM&R) costs estimated
by the Alaska Power Administration, SectionG, were added to the average
annual interest and amortization cost to obtain the total average annual
cost. The OM&R breakout for the selected plan is shown on table 37.
The total OM&R annual cost is $2,500,000 including $100,000 for recreation
OM&R. .

Hydropower Benefits: . The basic procedure for deriving hydropower benefits
in the scoping analysis was discussed in th~ section on System Development
Evaluation under IICredit for Energy and Capacityll. The same basic
criteri-a were used in evaluation of the selected plan, but with slight
modifications as follows:

1. Firm energy is fully useable up to 75 percent of the total
Anchorage and Fairbanks utility load.

2. Dependable capacity is based on average annual energy divided
by the 50 percent load factor • The reason for basing dependable capacity
on average annual energy rather than firm energy was presented in the
above-mentioned section.

3. Credit for Dependable Capacity-is limited to the annual values
estimated by FPC (Appendix 2).

4. Transmission losses were estimated at 3.2 percent for capacity
and 0.7 percent energy.

5. Watana construction time was assumed to be six years rather
than the 5 years followed under thescoping analysis.

6. Useable reservoirstrorage is limited: by turbine design consider
ations which limit the ~§ximum permissible head drawdown to 35 percent
of maximum head for Watana units and 30 percent of maximum head for
Devil Canyon Units. This has the effect of slightly decreasing the firm
energy capability of the projects.

7. Dependable Capacity must be available under the second worst
February drawdown in the period of study (see subsection on Power Capa
bilities under Selected Plan). The estimated annual construction costs
for the two single projects and for the combination of projects are
summarized below.

Total Average Annual Costs

Interest and Annual Total. Avg.
Development Amort. 'Costs OM&R Annual Cost

($1000) ($1000) ($1000)

Watana 1/ 78,544 1,300 79,844
Devi 1 Canyon 22,976 1,200 24,176
Watana plus Devil Canyon 101 ,520 2,500 104,020

1/ Includes total transmission cost and the majority of roadworks and
supporting facilities.
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Benefits and Alternative .Costs: The benefits for the Upper Susitna
River Project are predominantly derived from hydroelectric' power generation
with lesser benefits credited to Area Redevelopment, Transmission Intertie,
Recreation, and Flood Control.

Flood control, recreation,and area redevelopment benefits were
discussed earlier in this section, but power benefits developed in the
scoping analysis were refined to more accurately reflect the actual
useability of the project power during early years, before the system is
able to absorb the full output of the projects.

Because the last two criteria are related to power generating
capability of the projects, a new reservoir regulation study was performed
to reflect these additional constraints, and the power benefits are
based on the energy output shown by that study.

Table C-32 shows the creditable energy and capacity claimed year by
year for the two projects in accordance with criteria outlined above.
Graph C-17 also shows how the power is assimilated into.therailbelt
area energy and capacity loads as estimated by both FPC and APA.

Power benefits are based on the composite at~market energy and
capacity values discussed earlier in this section. These power values
are based on non-Federal financing and a 51.8 percent plant factor. In
computing the benefits, it was assumed that Watana, the first project
constructed, would have a 100-year life. Table C-33 shows the computation
of power benefits based on the creditable energy and capacity values
derived in Table C~32, and a summary of the average annual power benefits
for the selected plan is 'as follows:

Capacity Benefit ($1,000)

Firm Energy Benefit ($1,000)

Secondary Energy Benefit ($1,000)
Total Power Benefits ($1,000)

Watana

$58,659

17,911

2,220
$78,790

Watana Plus
Devi 1 Canyon

$101,380

30,903

2',915
$135,198

Total Benefits: Total tangible project and system benefits for the .
Susitna hydro development are the sum of average annual benefits accrued
from power, recreation, flood control, area redevelopment, and the
transmission intertie. The following tab·le summarizes the estimated
benefits for the Watana project and for the selected plan.
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INTEGRATED ,RAILBELT llTlLlTY :-lAKE-UP WITH
SUSlTNA HYDRO ELECTRIC

!m! !lli!! .!ill illI .!.2M 1989 lliQ .!2.2!. ill! .llil .!lli 1995 .!.22! .!.2.22.

1. Eat. Capaci~y ReCluirement (Utility) APA ~ 1120 1210 1300 1380 1480 1570 1670 1770 1880 2000 2110 2220

2. Incremental Hydro Load Market FPC 117 213 328, 449 575 765 932 1110 1280 i450 1640 1730

3. Watana Dependable Capacity COE 264 528' 767 767 767 767 767 767 767 767 767 767

4. Uleab1e Watana Dependable Capacity ~co1 2 117 213 328 449 575 _765 767 767 767 767 767 767

5. Devil Canyon Dependable Capacity COE 388 5.82 751 751 751 751 751 751

6. Uleab1e Devil Canyon Dependable Capacity 4+5;2 165 343 513 683 751 751

7. Hydro System Dependable Capacity 3+5 264 528 767 767 961 1155 1349 1518 1518 1518 1518 1518

8. Uleab1e Hydro System Dependable Capacity 4+6 117 213 328 449 575 765 932· 1110 1280 1450 1518 1518

,j:o, 9. Market Area Capacity Deficit 2:"8 • 0 0 0 0 0 0 0 0 0 0 122 212

.~ 10. Eat. Energy ReCluirement (Utility) APA 10'Kwh 4910 5280 5650 6050 6480 6900 7300 -7750 8200 8700 9250 9600

11. Maximum Useable Hydro Energy APA " 3450 3690 3955 4235 ' 4540 4860 5150 5470 5800 6150 6510 7000

12. Existing fherma1 10-21 " 2905 1825 2195 2595 1940 2040 2150 2280 2400 2550 2740 2758

13. Watana Prime Energy COE " 2005 3058 3058 3058 3058 3058 3058 3058 3058 3058 3058 3058

14. Watana Secondary Energy COE " 397 397 397 397 397 397 397 397 3~7 397

15. Devil Canyon Prime Energy COE " 2999 2999 2999 2999 2999 2999 2999 2999

16. Devil Canyon Secondary Energy COE If
. 386 386 386 386 386 386 386

17. Hydro System Prime Energy 13+15 If ,2005 3058 3058 3058 6057 6057 6057 6057 6057 6057 6~57 6057

18. Hydro System Secondary Energy 14+16 If 397 397 397 785 785 785 785 785 785 785

19. Useable Hydro System Prime Energy 17J:.11 II 2005 3058 3058 3058 4540 4860 5150 5470 5800 6057 6057 6057

20. Useable Hydro System Secondary Energy 185.11-17 If 397 397 397 93 '453 785

21. Total Useable. Hydro 19+20 II 200S 3455 3455 3455 4540 4860 5150 5470 5800 '6150 6510 6842

22. Market Firm Energy Deficit 10-12-21 If 0 0 0 0 0 0 0 0 0 0 0 0

COE - Corps of Engineers
APA - Alaska Power Administration
FPC - Federal Power Commission
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Selected Plan Power Benefit Calculations

WATA~A-~!OO A~~ n~VI~ CAN,n~ AV~RAR~ AN~JA~ CAPACIT'

P~"S!,;"'T P~~S""'T MMI(F.r~Rt.F. P~F.SENT FIR", "'l\O{I(ETAI'\I.F PRF.S~NT S"cnNOA~Y 1)11"11'
Wn~T" MA~I(FT~R~F WIl~T".nl' CAPI\I;I TV ':I~"I Wn~r" ~II{M F'''''''{R' SE':Il'lnA~Y Wn'n" SF'/; F.NF.~r;, CIIPACITY TilT AI.

'F.AIl ~~crll~ CAP~CIT' C~I>~CITY flFNI'F ITS F.NF~r., ENF.~r" I\FNo:F ITS F.NE~RY F'lIIF'Rf;' RHt!';FITS R""'FF ITS l\o:No:~Irs

-------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- --------
( MW) 'MWI ( '1000) IMW'~ 1 • IMw"~) ($1 onn) (MwH) 'MW"{ ) , $1(00) (~lOOOI '.~lOOOI
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System Justification: The benefits-to-cost ratio, net benefits, and

incremental increase in net benefits from the last project are as follows:

System Justification

The above analysis shows the following:

1. The Watana-Devil Canyon system is economically feasible.

2. The Watana project is economically feasible by itself.

3. Devil Canyon is incrementally justified on a last added basis.

Total Average Annual Benefits

Devil Canyon
Last Added

$24,176
62,172
37,996

2.5

Watana plus
Devil Canyon

($1000)

$135,198
50

300
9,373
2,900

$147,821

$104,020
147,821
43,801

1.4

Watana plus
.Devil Canyon

Watana
($1000)

$78,790
50

100
6,709

$85,649

Watana

$79,844
85,649

5,805
1.1

Annual Cost ($1000)
Annual Benefits ($1000)
Net Benefits ($1000)
BIC Ratio

Power
Flood Control
Recreation

. Area Redevelopment
Transmission Intertie
TOTAL

Comparability Test: Principles and Standards require that a proposed

project alSo be justifiable when benefits and costs are computed on a

fully compqrable basi~ in terms of financing, taxes, etc. Power benefits

were recomputed for the selected plan of development using thermal

plant alternative costs based on Federal financing at 6-1/8 percent in

lieu of the non-Federal power values. Derivation of the alternative

costs are discussed earlier in this section, under "Power Values and

Alt~rnative Costs'l. Using the alternative costs, the average annual

ppwer benefits for the selecteq· plan are $124,331,000.· The costs qnd

non~power penefits, which are qlready paseq on financing comparagle to

costs, remain unchanged. The total benefits, costs, and justiflcation

ratio for the selected plan are asfoilgwsi . ..

Average Annuql Benefits ($1000)

Average Annual Costs ($lOOP)

Justification Ratio

$136,954

104,020

1.3
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i( Sensitivity Tests: The following sensitivity tests are included to
~ demonstrate the relative effect that different assumptions could have on
~;.. the final economic outcome of the Selected Plan. Each of the tests was
~' conducted under the same criteria outlined earlier in this subsection,
1; but with the specific changes cited below. None of the tests were com
I: b.ined.

Gas-Fired Power Values: FPC provided two sets of power values for
'-;' the Anchorage load center: one set based on a coal-fired steamplant and
~ one set based on a gas-fired combined cycle plant. By combining both
f' sets of values with the Fairbanks coal power value, the resulting non-

F,ederal power values are as presented under the System Development
t! Evaluation Subsection. It has been demonstrated earlier that the coal
;, fired, power values are most representative of the future alternative
o power source in the absence of hydro development. For the sake of
, Gomparison,however, the selected plan was reanalyzed using the gas
l,~. Rower values for the Anchorage area. The average annua1 power benefi t
~ was estimated to be $106,231,000. By combining this benefit with those
~ of flood control, area redevelopment, intertie and recreation, the total
i.: Project Benefits amount to $118,854,000. When compared to the $104,020,000

Average Annual Project costs,thebenefits-to-costrati6 becomes 1.13.

Low-load Growth Assumption: The selected plan, economic analysis
was, based on Alaska Power Administration's "mid-range" estimate of load

, growth for the railbe1t area. This is considered to be a reasonable
estimate of what might occur, based on present knowledge. However, in
(esponse to the concern that the present use of energy is excessive, and
that measures must and will be taken to improve efficiency of use and
thereby reduce load growth, it was considered appropriate to evaluate
the feasibility of the project using APA's lower rate of load growth.
However, regardless of what measures are imposed and how successful they
are, some generation will be required. It was assumed that Watana would
come on-line in 1986, but that Devil Canyon would not be required until
1992•. Using the coal-fired power values and the same procedures as
90t1ined earlier, but using revised costs based on delay of Devil Canyon
and revised benefits based on the longer period required for the system
to fully absorb the power from the projects, the total annual benefits
drop to $134,283,000, and the average annual costs change to $100,595,000
giving a benefit-to-cost ratio of 1.30. An even lower load growth rate
could further reduce the net benefits, but the project would remain
feasible.

APA Capacity Assumptions: Alaska Power Administration in their
arketability analysis determined that a much greater share of the

Selected Plan capacity could be absorbed during the early years of
operation. After reviewing existing and projected rail belt capacity, it
was determined that by 1985 some of the older steam-fired plants would
be at or near the end of their useful life and would therefore, be
replaced by Susitna hydro. Furthermore, it was assumed that because
fuel costs would continue to grow disproportionately high (at least two
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to three times that estimated by FPC based on 1975 prices), that it

would be desirable to place much of the gas turbine equipment in cold

reserve except for limited operation in-the peak sharing mode. This is

also very true for oil-fired equipment. Under these assumptions, it is

assumed that firm demand for Susitna hydro would develop very rapidly in

the early years. It was therefore concluded by APA that as much as 75

percent of the Rai1belt utility load could be displaced by Susitna hydro

capacity. This position is supported by the Corps, but it was decided to

use the less controversial capacity_assumption developed by FPC.

For the purpose of comparison, power benefits were computed using

APA's somewhat higher estimates of whatqu.antityof capacity could be

absorbed into the system <during the early years (see Section G). Using

these estimates, the power benefit becomes $146,147,000. By combining

the power benefit with those of flood control, recreation and area

redevelopment, and comparing again the benefits to costs, the benefits

to-cost ratio becomes 1.51. This'value would increase if even more

capacity werE;! claimed in the early years.

Various Interest Rates: Interest rates for Civil Works ProJects

are estab1 ished by Congressannually~ Furthermore, the interest rate is

applied not only to project costs, but also to project benefits. It is

possible that if the project is authorized, thatpost-au.thorization

economic analysis will be conducted using a different interest rate than

the 6-1/8 percent used in this report.

It is not possible to fully assess the impact that various interest

rates would have on the project unless new power values based on the

different interest rates were derived. However, in order to determine

the relative effect that interest rates could have on the project, two

separate analyses were made usi ng interest rates of 5 percent and

8 percent. .Under the 5 percent interest rate, costs went down,and

benefits went up. The. trend was reversed for the 8 percent interest

rate, but under both situations, benefits exceeded costs. If new power

values had been derived based on the different interest rates, the 5

percent interest rate would 'have resulted in a·decreased benefit,and

the 8 percent rate would have shown an increased benefit. Under the

changed power values it is anticipated that the project would still

remain·favorab1e. Interest rate changes have shown only a 1/4 percent

maximum increase from one year to. the next and, therefore, it is not

anticipated that future rate changes will have a significant effect

on the project economics.
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COST ALLOCATION

Pro"ect Costs: The estimated construction cost of the selected plan is
',520,000,000, which inc1ude~ $572,000 in non-Federal recreational

costs. The $11,800,000 value of public domain transferred without cost
added to the construction cost gives a total project cost of $1,531,800,000.
The project costs, along with appropriate interest charges and operation,
maintenance, and replacement costs, are to be allocated to the three
project purposes of power, recreation, and flood control.

The specific power features of the plan consist of the power
houses, switchyards, transmission line, power intakes (exclusive
of the niu1tileve1 selection facility for downstream water temperature
control), and accompanying construction facilities. The specific
recreational features are comprised of lands and facilities for the
five recreational sites. There are no specific flood control features,
and all other costs are considered joint costs, as itemized in
Tables C-34 and C-35 and summarized below.

The investment cost to be allocated is the construction cost
plus'interest during construction, both discounted to the 1986 power
on-line date.

Interest during constructfon is computed as simple interest on
project costs from the estimated date of expenditure to the appropriate
power-on-lfne date. Interest during construction is estimated separately
for specific feature costs. The construction costs andfnterest during
construction for the second dam are discounted to the Watana power
on-line date of October 1986. These calculations are shown in Tables
C-31 and C-36.

Specific power feattires
Specific recreational features
Specific flood control features
Joint features

Project Cost

Construction cost (Present Worth)
Interest during construction (PW)

Investment cost
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$ 674,189,000.
1,051,000

o
856,560,000

$1,531,800,000

·$1,401,295,000
251,841,000

$1,653,136,000



SUMMARY OF CONSTRUCTION COSTS--WATANA ($1,000)

. Specific Specific Specific

Fea ture Power Recreation Flood Control Joint Use Total

Federa1 Cos ts

01 LANDS AND DAMAGES 1/
Reservoir, Site,-Roads 20,882 20,882

Recreation 47 47

Transmission Line 4,257 4,257

03 RESERVOIR
9,180 9,180

04 DAM
~ Dam

296,381 296,381

-0 Power Intake y 61,649 61 ,649 123,298
~

07 POWERPLANT 411 ,603 . 411 ,603

08 ROADS AND BRIDGES 48,875. 48,875

14 RECREATION FACILITIES 39 39

19 BUILDING~, GROUNDS, AND UTILITIES 3,565 3,565

20 PERMANENT OPERATING EQUIPMENT 1,800 1,800

30 ENGINEERING AND DESIGN 39,638 39,638

31 SUPERVISION AND ADMINISTRATION 49,498 49,498

50 CONSTRUCTION FACILITIES 27,635 60,096 87,731

CONSTRUCTION COST 505,144 86 0 591,564 1,096,794

f/ . Tndude-dls--the vaTueo-f lands transferred wi thout cost. Figures differ from detailed cost estimate

- due to inclusion of appropriate share of contingency and administrative costs.

y One-half the cost of the intake is estimated to be the direct result of the multilevel nature of

the intake.



SUMMARY OF CONSTRUCTION COSTS--DEVIL CANYON ($1,000)

Specific Specific Specific
Feature Power Recreation Flood Control Joint Use Total

Federal Costs

01 LANDS AND DAMAGES 11
Reservoir, Site 3,993 3,993
Recreation 453 453

03 RESERVOIR 3,456 3,456
04 DAM

Dam 164,660 164,660
Power Intake 2/ 21,068 21,068 42,136

-- 07 POWERPLANT 144,424 144,424
01:00 08 ROADS AND BRIDGES 8,528 8,528
'0 14 RECREATION FACILITIES 512 512UI

19 BUILDINGS, GROUNDS, AND UTILITIES 2,519 2,519
20 PERMANENT OPERATING EQUIPMENT 1,800 1,800
30 ENGINEERING AND DESIGN 26,962 26,962
31 SUPERVISION AND ADMINISTRATION 19,259 19,259
50 CONSTRUCTION FACILITIES 3,553 12,747 16,300

CONSTRUCTION COST 169,045 965 0 264,996 435,006

(PRESENT WORTH) (118,330) (761) (0) (185,410) (304,501)

1/ Included is the value of lands transferred without cost. Figures differ from detailed cost estimate
due to inclusion of appropriate share of contingency and administrative costs.

2/ One-half the cost of the intake is estimated to be the direct result of the multilevel nature of
the intake.



INTEREST DURING CONSTRUCTION FOR SPECIFIC FEATURES

pyp

Power ($1,000) Recreation ($1,000) SummarY ($1,000)

Accumulated Accumulated const(u~fion Inter7s~)

Year Expenditure Expenditure IDC Expenditure Expenditure IDC Cost PW Cost PW

Watana Watana

1981 3,000 0 92 47 0 1

1982 2,879 3,000 272 47 3

1983 96,283 5,879 3,309 47 3 Total Cost 1,401,295 251,841

1984 194,112 102,162 12,202 47 3

1985 123,404 296,274 21,926 47 3

1986 66,718 419,678 27,748 39 47 4

1987 18,748 486,396 -1,082 JJ
505,144 64,467 86 IT Specific Power 623,474 88,895

Devil Canyon Devil Canyon Specific Recreation 847 847

1985 453 0 14

1986
453 28 Specific Flood Control 0 0

1987
453 28

1988 42,524 0 1,302 453 28 Total Specific 624,321 89,046

1989 79,430 42,524 5,038 453 28

1990 35,530 121,954 8,558 512 453 44

1991 5,781 157,484 9,823 Joint Use 776,974 162,795

1992 5,780 163,265" 10,177
169,045 34,898 96"S' m

(PW) (118,330) 24,428) (761) (134 )

CONSTRUCTION COST (PW) $623,474 ~ONSTRUCTION COST (PW) ~847

INTEREST COST (PW) 88,895 ~NTEREST COST (PW)
~INVESTMENT COST $712,369 NVESn.1ENT COST 998

~ . ..... ~ .. -"' ... .. . .. " . . . - "

J

~:



The estimated average annual operation and main~enance cost over
the 100-year life of the proposed plan is $1,928,000. The breakdown
to specific and joint use facilities is shown in Table C-37 and
summarized as follows:

Annual Operation and Maintenance Costs

Specific power
Specific recreation
Specific flood control
Joint use

Total

$1,117,000
45,000

o
766,QOO

$1,928,000

Annual costs for replacement of mechanical equipment and other
items which normally have a useful life less than the 100-year project
life are estimated at $572,000. Replacement costs were assigned to
features, as shown in Table C-37 and summarized as follows:

Annual Replacement Costs

Specific power
Specific recreation
Specific flood control
Joint use

Total

$517,000
55,000

o
o

$572,000

Table C-38 summarizes the construction, investment, and average
annual costs for the proposed plan. Average annual costs include
estimated annual operation and maintenance· costs, estimated annual
replacement costs., and interest and amortization on the project invest
ment, computed at an interest rate of 6-1/8 percent over a 100-year
project life.

Project Benefits: Project benefits have been discussed earlier in
Section C and are summarized as follows:

Average Annual Benefits

$135,198,000
292,000 3/
50,000

9,373,000
2,900,000

$147,813,000

Power
Recreation
Flood control
Area redevelopment 1/
Intertie 2/ -

Total

1/ Not included in cost allocation.
2/ Included as a power benefit for purposes of cost allocation.
~ Whereas in previous discussion of recreation benefits a value

of $300,000 is used, for purposes of cost allocation the actual
estimate of $292,000 is used.
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SUMMARY OF ANNUAL OPERATION, MAINTENANCE, AND REPLACEMENT COSTS 11

o

o

55,000

Replacement

$517,000

45,000

o

766,000

Operation and Maintenance

$1,117,000Specific Power
(Powerp1ant, Transmission
Line, Switchyards, Marketing)

Specific Recreation

Specific Flood Control

Joint Use
(Overall Project Supervision,
Administration and Maintenance)

Total $1,928,000 $572,000

17 For purposes of this study, O,M&R costs are treated as if Devil
Canyon project went on line in 1986.
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SUMMARY OF COSTS AND CHARGES ($1,000)

Specific Specific Specific
Cost CategorY Power Recreation Flood Control Joint Use Total Cost

""00
00

Project Cost (Present Worth - 1986)
Watana
Devil Canyon

Interest During Construction (PW)
Watana
Devil Canyon

Total Investment Cost

Project First Cost
Watana
Devil Canyon

Interest During Construction
Watana
Devil Canyon

Annual Charges
Interest and Amortization 1/
Operation and Maintenance 
Replacement

Total Annual Cost

~13ased on total investment cost.

$674,189
(505,144)
(169,045)
$ 99,365
( 64,467)
( 34,898)

$ 43.747
1,117

517
V4S-,~1l1

$ 847
(86)

(761 )
$ 151

~
.. 17)134

9

$1,051
.(86)
(965)

$ 187
(17)

(170)

$ 61
45
55rm

o

o

o

o

o

o
o
oo

$ 856,560
(591.564)
(264,996)

$ 182,038
(11.7,946)
( 64,092)

$ 57,712
766

o
$-5B-~478

$ 1,401,295
(l,096,7~4)
( 304,501)

$ 251,841
( 182,430)
( 69,4111

fl,653,136

$ 1,531,800
(1,096,794)
( 435,006)

$ . 281,590
( 182,430)
( 99,160)

$ 101,520
1,928

572
$ 104,0211"



Alternative Projects: The least-cost single-purpose alternative power

project would be therecormnended plan without any facilities for recrea

tion. Such a project would cost $103,859,000 annually.

For recreation,the least-cost alternative would be a public

recreational plan which could produce an equivalent type and amount of

recreational opportunity in the same general location. Exact cost

estimates have not been developed for such a plan since simply providing

ground access would necessitate costs well in excess of the recreational

benefit.

The least cost alternative flood control project to achieve an

equivalent amount of flood protection would require approximately 7.5

miles of bank revetment work along the river downstream from the dam and

adjacent to the endangered railroad bed at $633,500 per mile for an

al ternative cost of $4,750,000, or $292,000 annually.

Allocation of Costs:

Allocation Method: The Alternative Justifiable Expenditure {AJE}

method has·been used herein to allocate plan costs •. This method serves

as a reasonable approximation of the normally preferred Separable Costs

Remaining Benefits {SCRB} method and is allowable when necessary basic

data to determine separable costs are not available. In this .instance,

the separable costs of power are not readily identifiable~ . The costs of

developing a plan without power which would provide the same recreational

and flood control output as .the multipurpose project has riot been esti

mated. First appraisals indicate an at-site dam and reservoir project

would be so costly compared to benefits as to preclude its being considered.

Later stage formulation will address other possible ways of providing

the recreational and flood control output with more reasonable invest

ments. MeanWhile, the AJE method has been used following the same

general procedures and principles as the SCRB method. These principles

are as follows:

(l) Costs allocated to any purpose should not exceed the corres

ponding benefit or least costly alternative method of obtaining the

benefit.

{2} Each purpose must carry at least its separable {specific in

this case} cost. . ..

(3) The remaining or joint costs are distributed in such a manner

that each purpose shares proportionately in the savings resulting from

the multipurpose plan.
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Allocation Results: Results of the allocation are derived in Table
C-39 and are summarized below:

Percent of Joint-Use Costs

Pureos_e

Power
Recreation
F1 ood contro1

99.69
0.22
0.09
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· ALLOCATION OF ANNUAL COSTS ($1,000)

(ALTERNATIVE JUSTIFI~BLE EXPENDITURE METHOD)

Item
Power Recreation Flood Control Total

1. ALLOCATION OF ANNUAL COSTS:
a. Benefits 138,098 l! 292 50 138,440 2/

b. Least Cost Single Purpose Alternative 103,859 3/ 292

Cost
c. Benefits Limited by Alternative Cost 103,859 292 50

d. Specific Costs 45,381 161 0 45,542

e. Remaining Benefits 58,478 131 50 58,659

f. Percent Remaining Benefits (99.692%) 0.223%) (0.085%)

g. Allocated Joint Costs 58,298 130 50 58,478

c.n h. Total Allocation 103,679 291 50 104,020

0
too)

2. ALLOCATION OF ANNUAL OPERATION AND MAINTENANCE:

a. Specific Costs 1,117 45 0 1,162

b. Allocated Joint Costs 763 2 1 766

c. Total O&M Allocation 1,880 47 1 1,928

3. ALLOCATION OF ANNUAL REPLACEMENT COSTS:

a. Specific Costs 517 55 0 572

4. ALLOCATION OF CAPITAL INVESTMENT:

a. Annual Investment Costs 101 ,282 189 49 101,520

b. Percent Annual Investment (99.76%) (0.19%) (0.05%)

c. Allocated Investment 1,649,259 3,079 798 1,653,136



ALLOCATION OF ANNUAL COSTS ($1,000) (Continued)

Item Power Recreation Flood Control Total

5. ALLOCATION OF PROJECT COSTS:
a. Specific Investment 712,369 998 ° 713,367
b. Investment, Joint Use 936,890 2,081 798 939,769
c. Interest during Construction, 162,294 363 138 162,795 41

Joint Use
. d. Project Cost, Joint Use (PW) 774,596 1,718 660 776,974
e. Percent Project Cost, Joint Use (99.69%) (0.22%) (0.09%)
f. Project Cost, Specific Facilities (PW) 623,474 847 ° 754,826
g. Total Project Cost (PW) 1,398,070 2,565 660 1,401,295

6. ALLOCATION OF CONSTRUCTION FIRST COSTS (wlo Pub1 ic Domain Val ue):
a. Specific Construction Costs 672 ,869 1,051 ° . 673,920

. I (wlo Public Domain Value)
b. Allocated Joint-Use Costs 51 843,457 1,861 762 846,080

~I c. Total Allocation 'of ConstrUCtion 1,516,326 2,912 762 1,520,000Co) ,

First Costs

7. ALLOCATION OF PUBLIC DOMAIN VALUE
a. Specific Public Domain Costs 1,320 ° ° 1,320
b. Allocated Joint-Use Public Domain 10,448 23 9 10,480

Costs 51
c. Total A1Tocation of Public Domain Value 11 ,768 23 9 11,800

8. ALLOCATION OF INTEREST DURING CONSTRUCTION:
a. Specific Interest during Construction 99,365 187 ° 99,552
b. Allocated IDC, Joint Use 51 181,474 400 164 182,038
c. Total Allocation of IDC - 280,839 587 164 281,590

T/Includes $2,900,000 intertie benefit.
21 Does not include $9,373,000 Area Redevelopment benefit.
31 No cost estimate available, but annual cost known to exceed the annual recreational benefit.
41 IDC allocated on basis of percent remaining benefits,
51 Al10~,ted on basis of percent project cost, joint use (5e).,
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FOUNDATIONS AND r~ATERIALS

REGIONAL GEOLOGY

INFERRED GEOLOGIC HISTORY

The upper Susitna River lies in middle ground between older rocks

(pre-Cambrian to Devonian) north of the Denali Fault and younger rocks
(Jurassic and Cretaceous) south of the Susitna. The oldest known rocks

of this ar~a are Pennsylvanian and Permian volcanics and volcaniclastics.

These are the basement terrane or strata upon which the regional sequences

have been built.

The area received marine deposition, probably in a transitional
shelf/trench environment, through the Middle and Late Triassic and
continuing through the Early Jurassic. This deposition was contempora

neous with the massive outpouring of subarea1 lavas in the eastern
Alaska Range, resulting in regional sUbsidence-(Richter and Jones,
1973). Marine sediments, or clastics, are evident today as sandstones

and shales interbedded with volcanic flows and sediments.

Batholithic intrusions, beginning in the Middle Jurassic,· are
probably responsible for much of the regional uplift and deformation.
This uplift and metamorphism of the clastics continued through the end
of the Cretaceous and into Tertiary time. These metamorphosed clastics,
predominantly phyllite, are well exposed in the canyon walls at Devil
Canyon and along the slopes of Valdez Creek.

Sometime during the Cretaceous, the Susitna River must have begun

to form. The Late Cretaceous and Tertiary periods are marked by severe

erosion which must have required a developed drainage system. Block
faulting, differential uplift, and batholithic intrusive forces make it

entirely possible that the upper Susitna River, particularly the appar

ently more youthful east-west segment, has changed its course and direction

of flow many times since Cretaceous time. Paleozoic rocks exposed at
the surface in the central upper Susitna region reflect the significant

degree of erosion which has taken place. This area may also represent a

locally high block which was subsequently subjected to greater erosion.

The Tertiary period was primarily dominated by continuing uplift

and erosion while deposition was limited to localized non-marine sedi
mentation in fault block basins. Both intrusive and extrusive volcanics

have been noted during this period. The post-Pliocene epoch was a
period of great orogenic activity, involving substantial uplift and

faulting (Payne, 1955). Many of the faults in the upper Susitna region

are probably related to the post-Pliocene orogeny, though a positive
date is unknown.
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PHYSIOGRAPHY

GEOLOGY

Two major earth tectonic features bracket the upperSusitna 'region.
The Qenali Fault, active during Holocene (Recent) time, is one of the

The geology of the upper SusitnaRiver region reflects the complex
processes which make up its geologic history. It has undergone subsidence,
marine deposition, volcanic intrusion, mountain building, glacial planing,
and eros ion. In the upper reaches of the ri ver, the va 11 ey floor is
composed of reworked glacial moraine andlakebed deposits, which are
thought to be approximately 200 feet thick. Materials range in'size
from silt to boulders. Adjacent mountains are composed of metavo1canics
and metasediments, and the bedrock beneath the valley floor is also
assumed to be a metamorphic complex of rocks. In the midsection of the
upper Susitna, massive intrusions of granitic rock have warped and
uplifted the region. Subsequent vigorous tectonic movement resulted in
thebyi1ding of the Talkeetna Mountains~ Throughout this area the
metavo1canics and metasediments are warped and twisted, and mediym-
grained granite intrusiv~s are exposed intermitt~nt1y along the valley
walls. At the lower end of the drainage, 'glacia1qction i~ .~viq~nced in
th~ absence of overburden materials at high~r elevations and the scouring
~nd planing of the underlying bedrock. .. ....

REG~ONAL TECTONICS

The area of study is located within the Coastal Trough Province of
southcentra1 Alaska. The Susitna River drains an area of nearly 6,000
square miles between the southern slopes of the Alaska Range, where it
heads from several glaciers, and Gold Creek bridge, where it emerges
from the Talkeetna Mountains. The river then flows by way of a con
tinuously widening valley to the tidewaters of Cook Inlet. Within this
reach of approximately 200 river miles, the Susitna passes through a
variety of land forms related to the lithology and geology of the
region. From its proglacia1 channel in the Alaska Range,it passes
through a broad, glaciated, intermontane valley characterized by knob
and kettle topography and by braided river channels. Swinging westward
a10n[ the northern edge of the Copper River lowlands, the Su~itna enters
a deep V-shaped valley and picks its way through the Talkeetna Mountains,
emerging once more into a conventional channel and broad valley which it
fo 11 OWS to the sea. .

During the Caribou Hi11s/Mt. Susitna and Ek1utna glaciations of the
Pleistocene epoch, the entire area was covered with ice. Subsequent

: glaciations (Knik and Naptowne) were nOt as extensive as the earlier
leones and only the northern and we~tern portions. of the area were subjected
to glacial scouring and carving, leaving the central and eastern, portions
,·to be occupied by a tremendous prog1acial 1ake--a lake formed at the
~boundary of a glacier--(A1aska Glacial Map Committee, 1965). Prog1acia1
. lake deposits cover a large portion of the area today.



,earth's major fractur~s. It li~s approximately 43 miles north of the

'proposed Devil,Canyon d~lT!site.A second arcuate fracture, th~ Cas,!:le-:

Mountaj,n Fault, lies some, 7.5 miles ,to ,the south of the river"ba,$,if1",;
Bisecting the region in' ~ north-east, south-west direction ,and ~truncated

by the, De,nal:f Fault. lies the Susitna Fault, approximately 2•. 5. 'Riles'.

west of the p.roposed Wataria Dam. 1,arge prominent lineamentspas~, '."
through the region tre'nding north-east, south-west, and the river Vall,ey
is control 1ed by many of these features. '. ,

SEISMOLOGY

Located as it is in an area of major faults, it is to be expected
that the upper Susitna basin would lie in a zone of major seismic acti

vity. During the period of record, through the end of 1970, 262 earth

quakes had been recorded within a radius of 150 miles of the proposed

Devil Canyon site (Kachadoorian 1974). Of these, 229 had a magnitude on

the Richter scale of less than 5.3, 20 were between 5.3 and 7.0, 11 were

between 7.0 and 7.75, and 2 were greater than 7.75. An evaluation of
the potential exposure of the upper Susitna damsites to seismic activity

was made by the Bureau of Reclamation. Their conclusions led to a
~1aximum Credible Earthquake (MCE) -of 8. 5 t4~gnitude for both Devil Canyon

and Denali sites. Itis probable that Watana and Vee sites would use
the same MCE since they are between the other two sites and are approxi
mately the same distance from Denali Fault, the most likely source of a

seismic event of this magnitude. However, Susitna Fault is also under
investigation to determine its seismic potential in relation to Watana

Dam. It is expected that due to its relatively short length, the
Maximum Credible Earthquake for this fault will be in the order of 6.

INSTRUMENTATION

The immediate requirement for instrumentation at the Devil Canyon
and Watana damsite areas is to establish a high gain seismic net supple
mented by a strong motion instrument at each site. This type of seismic

instrumentation will provide the necessary data for design of the
structures. In addition, instruments will be installed during con
structionto monitor pore pressures, settlement, and deformation within

the structures and the foundations.

SCOPE OF INVESTIGATIONS

The potential of the Susitna River basin for hydroelectric develop

ment has been recognized for many years. Early investigations were
begun by the Bureau of Reclamation in 1950, and a reconnaissance report

was published in 1953 on the development of water resources in the
basin. This report was followed by field surveys, geologic mapping, and

subsurface investigations at the Devil Canyon site, and an Engineerin~

Geology Report-Feasibility Stage, Devil Canyon Dam was presented in
1960. Limited explorations were also conducted at the Denali site ,in

1958-1959, and detailed studies of th~ Vee site were made in 1960-1962.
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/,

To date. on-site investigation by the Corps of Engineers has been limited
toa reconnaissance of the four-dam area with particular emphasis on
Wiltana to insure the feasibility of Watana as a damsite. The work done
by the Bureau of Reclamation is considered to be adequate to insure the
feasibility of Devil Canyon damsite. Their work at Denali revealed
potentially troublesome strata of fine sands and areas of permafrost in
the foundation. .
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DEVIL CANYON SITE

SCOPE OF INVESTIGATIONS

In the spring of 1957, an exploratory program was initiated at
Devil Canyon by the Bureau of Reclamation. Their objective was to
explore the area in sufficient depth to provide adequate information for

a feasibility report. Accordingly, 22 diamond-drill borings were
drilled during the summers of 1957 and 1958. Additionally, 19 trenches

and test pits were excavated to locate possible sources of concrete
aggregate and embankment materials. Geologic mapping was done in 1957

by Mr. Kachadoorian from the U.S. Geological Survey. Mr. Kachadoorian

also assisted in logging core and preparing the geologic report presented

in 1958. Location of explorations are shown on Plate 0-1 and logs of
explorations are shown on Plates 0-7 through 0-10.

SITE GEOLOGY

The rocks which form the abutments at the Devil Canyon site are
predominantly dark grey to black, fine-grained clastics of Middle

Jurassic to Late Cretaceous age. These phyllites are massive with
prominent cleavage, and contain numerous quartz stringers. Calcite
filling in the incipient fractures is common and assemblages of other
rocks and minerals may occasionally be seen. The river is deeply
entrenched in a narrow canyon with nearly vertical walls. Bedding of
the country rock dips 56 to 70 degrees to the south. There are three
sets of joints in the damsite area, one of which is. well developed, with

an average strike of N250Wand a dip varying from vertical to 800 E.
Average spacing of these joints is four to five feet. The other two
joint sets are poorly developed and tight. Several narrow faults can be

seen in the canyon walls, some gouge filled. However, the frequency and

magnitude of these zones is not considered to be a critical factor in
the evaluation of the site.

GEOLOGY OF FEATURES

Main Dam: The rock competency at Devil Canyon damsite generally is
favorable for the construction of a high concrete arch dam. The exact

rockline underneath the river has not been established, but it is believed

that approximately 35 feet of alluvial materials overlie bedrock in the

channel area. Angle holes drilled from both sides of the river have
revealed no major geologic problems, but dental work will be required in

the shear zones that interlace both abutments, and grouting will be
required to effectively seal the foundation.

Powerhouse: Topographic, geologic, and climatic conditions all favor an

underground powerhouse. Geologic conditions indicating desirability of
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Left Abutment Saddle Dam: Drill holes in the area of the earth and
~ockfill saddle dam at the left abutment have disclosed a deep buried
c-hannel striking east and west. The maximum ,depth of the valley fill in
Hhis channel is approximately 90 feet. The fill material is composed
primarily of well consolidated outwash. and continuous strata of pervious
materials are probably present. Approximately 10 feet of moraine covers
the outwash material and may form a moderately impervious blanket.
However. it will be necessary to effectively seal the foundation materials
Hnder the saddle dam or excavate the outwash and carry the impervious
section of the dam to bedrock.

Right Abutment: The structural attitude of the bedding planes on the
!;igh,t abutment is approximately N700E in strike and 60E in dip. This
~ttitude is favorable to shaping for the arch dam. However, the configu
ration of bedding attitude and canyon alinement may result in the bedding
~lanes corresponding rather closely to the theoretical shearing plane
formed by the arch thrust at the abutment. To compensate for this
cpndition. the arch should be keyed deeper into. the abutment rock, and
rock reinforcement may be required. The abutment is intersected by
shear zones striking almost normal to the stream. but only thin seams of
igouge are evident. and the joints on this side of the canyon appear well
,healed. Considerable scaling may be required to protect the excavation
;from rockfa11 s.

an underground structure include the restricted topography, the need for
'extensive scaling, and protection from future rockfalls if an external
R9~erhouse were constructed, and the unusual. competency of the rock.
This high quality of the abutment rock will greatly reduce the amount of
r;'oof and wall support required; however, certain faults and fractures
Wl11 require remedial treatment, such as rock bolts and mine ties.
Explorations for the underground workings will require deep drill ing and
the possible use of a pilot tunnel to completely investigate the potential

'r;oof and wall support as well as any latent geologic problems.

,Left Abutment: The most critical geologic problems occur on the south
side of the canyon wall. The overhanging cliff formed by the southerly
dipping beds has, in some cases, resulted in large blocks separating

" from the adjacent bedrock. Minor faul ting has resulted in zones of
sheared and broken rock. The sheared rock is not well healed. and
extensive fracturing with open crevices is common. However, pressure
tests in exploratory drill holes did not, in general. result in heavy
water losses. It is estimated that between 35 and 50 feet of loose and
w,ea thered rock. wi 11 have to be removed before fi rm rock is reached. It
win not be possible to obtain a smooth excavation surface because of
the blocky and overhanging nature of the formation; therefore. extensive
~entalwork may be required. Tendons may also be required,to anchor the

"thrust block to the foundation rock.. '
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Penstock, Tailrace, and Diversion Tunnels: As presently planned, the
underground powerhouse, penstocks, and tailrace tunnels will be located
in the right abu,tment. Drillingdone in this area indicates that the
rock tig~tens with depth and that fracturing decreases. Prior to final
design, extensive drilling will be required to determine extent of
jointing and fracturing, and areas requiring steel supports or rock'
bolting. The'diversion tunnel will be located in the left abutment.
Because of the' several well-developed shears on this side of the river,
the tunnel will be concrete lined. '

SEIS~1OLOGY ,

As previously noted,262 earthquakes have been recorded within
150 miles of Devil Canyon damsite. Of these, two have been greater than
7.75 M.; one occurred in 1928 about 100 miles south of the damsite, and
the other was the Alaska earthquake of 1964, whose epicenter was located
approximately 130 miles southeast of Devil Canyon. There were 42 earth
quakes with epicenters within 50 miles of the damsite; 39 had a magnitude
of less than 5.3; 2 were between 5.3 and 5.9, and the other was above
6 M. Eleve~ earthquake epicenters have been located within 25 miles of
the damsHe. Of these, nine had magnitudes less than 5.3; one was
between 5~3 arid 5.9, and on 3 July 1929, one occurred on the Talkeetna
River, 25 miles from the damsite, with a magnitude of 6.25. Hypothetical
earthquakes considered for Devi] .Canyon by the Bureau of Reclamation in
selecting a Maximum Probable Earthquake were a magnitude 8.5 earthqu.ake
at 40 miles, and a magnitude 7.0 earthqUake atlO miles. The 8.5M. at
40 miles was determined to be the M~E (Maximum Credible Earthquake).

CONSTRUCTION MATERIALS

Material Reguirements: Concrete:
( ,

'Aggre~ale Sources: Material requirements for Devil Canyon Dam are
based on t e Bureau of Reclamation'sproposed double curvature thin-arch
dam and underground powerplant. In this scheme, approximately 1.1 million
cubic yards will be mass concrete in the dam, and 100,000 cubic yards
will be structural concrete in the appurtenant structures, including the
powerpTant. With some allowances for stockpile loss, this amount of
concrete will require approximately 1.2S·million cubic yards of processed
aggregate.

The Bureau of Reclamation located an extensive deposit of material
which will yield concrete aggregate of adequate quality in a fan approxi
mately 1,000 feet upstream of the proposed dam axis. The fan. was formed
at the confluence of Cheechako Creek and the Susitna River. The lower
portion of this fan, up to about elevation 1,000, is relatively level,
except for steep banks along the river's edge. Above elevation 1,000,
the level ground breaks into a series of benches and ridges with hummocky
surfaces.
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Thirteen test pits and trenches were completed in the fan area by
reau of Reclamation personnel in 1957. Of the 13 test pits, 5 were

ogged and 4 were sampled. A total of 1,262 pounds of minus-3-inch
aterial was shipped to the Bureau of Reclamation, Division of Engi
eering La'boratories, Concrete Laboratory Branch (since changed to
ivision of General Research, Concrete and Structural Branch), for
asic aggregate suitability studies. An additional 200 pounds of
'aterial has since been obtained by Corps of Engineers personnel for
'dditional testing to confirm sUitability.

Additiona1 granular materials can be obtained in the Cheechako
~reek terraces. The Cheechako Creek fan and adjacent terraces should
~ield an ample quantity of aggregate for a thin-arch dam, underground
powerplant, and appurtenant structures •

." Resul ts of Investigations: The area sampled by the test pits is
stiinated to contain approximately ,6 mill ion cubic yards of material of
~bich approximately 50 percent is smaller than 6 inches • This quantity
s based on excavation of material to the present river level; there

fore, placement of the coffer dam and the capacity of the diversion
tunnel will ultimately affect the exploitation of the fan area as an
~'ggregate source. The locations of test pits are shown on Plate D-l,
"nd the detailed logs of test pits K-6, K-19, K-21, K-93, and K-94 can
e found in the U. S. Bureau of Reclamation's Alaska Geologic Report
'0. 7, Devil Can on Project, dated March 1960. The results of labora
:ory investigations of the aggregate samples were reported in Report
o. C-932 by the Concrete Laboratory Branch (now the Concrete and
'tructural Branch), dated 31 December 1959. '

Tests were run on a composite sample from trench K-6 and K-19, and
fa second composite sample from trench K-21 and K-93. Depths of overburden
~on these trench locations ranged up to 2-1/2 feet. The ground surface
in the fan area is covered with scrub spruce and brush.

The gravels in the fan are composed of quartz diorites, diorites,
.granites, andesites, dacites, metavolcanic rocks, aplites, breccias,
iSChists, phyllites, argillites, and amphibolites. The sands are com
,osed primarily of the same rock types present in the gravel. The

{gravel particles are stream worn and generally rounded in shape. The
~Sand grains vary from nearly rounded to sharply angular in shape,
~Veraging subangular.
al'

These aggregates meet usual specifications requirements for physical
('properties and soundness. However, the freeze-thaw resistance of con
~crete containing this aggregate was considered marginal by Bureau of
(Reclama.tion criteria for use in severe cl imates.

The general conclusion is that serviceable concrete can be manu
factured from the fan aggregate source if air content and gradation are
closely controlled.
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Material Reguirements: Embankment:

Material Sources: Approximately 900.000 cubic yards of embankment
materials will be required for the left abutment saddle dam. This will

. include impervious core materials. sand and gravel filters. gravel or
rockfill shell materials. and riprap for slope protection. Sand and
gravel for filters can be obtained by selective processing of the
moraine and outwash deposits. If design considerations favor the use of
gravel rather than rock for the shell sections. adequate quantities are
available in the deposits previously discussed. Rockfill and riprap in
the quantities required can be obtained from abutment preparation.
diversion tunnel. penstock tunnels. and powerhouse excavation. or from
extensive talus deposits which exist along the river's edge. Consider
able boulder-size material is also to be found in the outwash deposits.
Tne required impervious core material will be obtained from moraine
deposits at the higher elevations or by blending the silts stripped from
the aggregate source with sandy gravels.
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WATANA SITE

SCOPE OF INVESTIGATIONS

Initial investigation at Watana damsite was limited to field
reconnaissance by personnel of the Bureau of Reclamation during the
period between 1950 and 1953. This reconnaissance was undertaken as a
part of the investigation of the Susitna River and the formulation of an
ultimate development planas presented in the report'Potential Develop
ment of Water Resources in the Susitna River Basin of Alaska, August
1952. At the time the site was examined, a profile of the dam centerline,
as proposed, was made by trans it-stadia methods, and an estimated
geologic section was drawn to indicate probable excavation requirements.
The Bureau's report was favorable and indicated that no adverse conditions
were observed. Studies of recent aerial photographs and ,field recon
na,issance supported this view, and it was felt that the knowledge of
regional and site geology was adequate to warrant recommendation of
Watana as a favorable site. To insure that this recommendation was
founded on a broad base of professional experience, corroborative
opinions were sought from a team of engineers consisting of personnel
from the Soils and Geology Branch of OCE, the Soils and Geology Section
of North Pacific Division, and the Foundation and Materials Branch of
the Alaska District, Corps of Engineers. They visited, the site in June
1975, and their findings served to verify the Bureau's opinion that the
site is a viable damsite. However, an area on the right bank, approxi
mately 1/2-mile upstream of the dam, may require remedial treatment due
to the existence of a deep glacial deposit. The extent of the deposit
was explored under a seismic exploration contract during the fall of
1975. The work was accomplished by Dames and Moore, Consultants in
Environmental and Applied Earth Sciences, and their report is included
as Exhibit D-l of this section.

SHE GEOLOGY

The proposed site for the Watana Dam is located at river mile 165
in an area where the river has eroded a channel through a sound, hard,
coarse-grained granitic formation. The river valley has been carved to
form a rather broad U-shaped canyon with fairly steep walls. Though no
subsurface explorations have been done at this site as yet, it has been
carefully examined surficially, as discussed in the previous paragraph,
and is considered to be an excellent choice from a geologic point of
view. The characteristic weathering of the granite will necessitate
removal of sufficient material to expose sound foundation rock, but no
serious structural defects have been observed at the dam axis. The
depth of weathering is estimated to vary from 0 to 10 feet on the canyon
walls. Depth to bedrock in ,the river channel is in the order of 60 to
70 feet. The country rock is broken'by numerous near-vertical fractures
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which trend N300W. These dominant features can be seen in the canyon
walls. They tend to break.the area into large monolithic fins, some 20
to 70 feet thick. No zones of fault breccia or gouge have been observed;
however, topographic expression indicates such zones should occasionally
be expected.

GEOLOGY OF FEATURES

Powerhouse: Subarctic weather and environmental concerns favor the use
of an underground powerhouse. The narrow Susitna canyon with its steep
walls lends itself well to this type of structure. The granitic rock is
expected to be competent at the depths of the underground features.
Seismic velocities tend to confirm this conclusion. Probably the most
important geologic feature at the site is the fracture pattern which
trendsN300 W. Insofar as itis possible, the powerhouse will be oriented
to minimize the impact of the fracture system. Pattern rock bolting is
planned for the crown of the chamber. Use of remedial concrete is
anticipated in some areas where fallout may occur or in fracture zones
having a substantial width of crushed rock. Minor fracturing will
require occasional use of rock bolts, mine ties, and wire mesh.

Spillway: Approximately 1/2-mile upstream of the damsite, a relatively
low saddle between the north valley wall and Tsusena Creek provides a
favorable location for a channel-type spillway. Extending northward
from this saddle to the foot of Tsusena Butte is a terrace composed of
glacial till, some of which has been reworked by alluvial action. An
impervious cutoff may be necessary in this area to insure positive
protection against seepage. Cost of this remedial work is included in
thee~timates for the project.

Access Road: Approximately 64 miles of access road will be required
between the existing Parks Highway and Watana damsite. This road will
pass through the Devil Canyon damsite area and will subsequently serve
as an access road for exploration and construction at Devil Canyon.
Foundation materials will include stretches of bedrock and high terrace
deposits, as well as swamp and muskeg. 'The latter will require removal
and replacement, or other special techniques, and should, in general, be
avoided where possible. Steep north-facing slopes along the canyon rims
should also be avoided since permafrost would be encountered in the area
and would undoubtedly create stabili~y problems. Every attempt should
be made to locate the road, insofar as it is possible to do so, on
bedrock or granular materials to minimize problems of frost heave,
settlement from degrading permafrost and ice lenses, and slope insta
bility. Several bridges will be required, but excellent foundation
conditions are expected since bedrock is usually exposed on the walls of
the steep gorges.

Reservoir: Watana reservoir includes areas of intermittent permafrost.
This is particularly true of north-facing slopes and, where present,
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the permafrosted overburden mantle assumes a steeper angle of repose'
than would normally exist. It is to be expected that as the reservoir
is filled and the permafrost degrades, some .slumping of ,natu'ralslopes
will occur. These slumps or :slides will be minimal in their effect
on the reservoir. The lower elevations of the canyon where slumping
would occur are characterized by very light overburden covers.,
Above these rocky walls, the valley flattens abruptly into the high
terraces of glacial deposits where stable slopes generally exist.

i .-. .-,

SEISMOLOGY

Seismic conditions at Watana are very similar to those at Devil
Canyon. The Denal i Fault to the north is equidistant from Devil Canyon
and Watana, and is 'probably of major significance in selection ofa
Maximum Credible Earthquake for Watana site.' However, the Susitna Fault
is only 2-1/2 miles to the west, and must .be considered asa s.ource of
seismic activity. Its influence, due to its proximity, might, on exami
nation, prove to be more critical to the site than the more active but
more distantDenali Fault. Studies are presently being conducted with
the assistance of the USGS and the University of Alaska Geophysical
Instutute to further define the seismic characteristics of the Susitna
Fault to establish aMCE for theWatana site. A preliminary report by
USGS is included as Exhibit 0-2 of this section.

CONSTRUCTION MATERIALS'

Materia1 Reguirements:" Concrete:

Aggregate Sources: Concrete quantities for Watana Dam will range
from 200,000 cubic yards or less, if the proposed earth or rockfill dam
is used, to approximately 6.5 million cubic yards for a concrete gravity
structure. Information on the quantities and quality of possible'
aggregate sources is very 1imited. In a report dated 1952, the U'.S.
Bureau of Reclamation mentioned the availability of hard, dense, and
durable concrete aggregate in the form of stream gravels both upstream
and downstream of the proposed ·damsite. During the June 1975 field
reconnaissance by Corps of Engineers personnel, the gravel deposits were
examined, and samples were taken to confirm their suitability. Ifa
concrete gravity structure is recommended, a processing plant can be
constructed in the reservoir area for processing the required aggregates.

Material Reguirements:Embankme'lt: Approximately 52,630,000 cubic
yards of embankment materials will be required to construct an earthfill
dam at the Watana site~' Of this amount, approximately 42,000,000 cubic
yards will be required for the main shell sections of the dam. These
shell sections can be built from the clean gravels on the terrace along
Deadman Creek and from cha~nel excavation. Riprap can be obtained from
spillway excavation and rock spalls, and rock drain material can be
obtained from excavation of the diversion tunnel 'and underground features
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of the dam. Sand and gravel filters and select drain material can be
obtained by processing terrace deposits or gravel bars within the river
channel. Impervious core material can be obtained by selecting and
processing glacial till deposits found along the upper levels of the
south va 11 ey wall.

During the reconnaissance of the Watana area in June 1975, 500
pounds of samples were taken for testing from these recommended sources.
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VEE CANYON SITE

SCOPE OF INVESTIGATIONS

During the period from 1960' to 1962, the Bureau of Reclamation
conducted field studies at Vee Canyon. In all, 13 holes were drilled
for a total footage of 1,646 feet. Sixteen dozer trenches were made in
the area to evaluate in-place materials. Locations of explorations are
shown on Plate 0-4, and logs of explorations are shown on Plates 0-11
through 0-14.

SITE GEOLOGY

Vee Canyon site is located in the extreme northeastern section of
the Talkeetna Mountains. The Susitna River has cut down through the
overlying sediments and eroded a deep, steep-walled, V-shaped canyon
into hard crystalline rock. The canyon walls rise some 800 feet above
the river, .and the exposed rocks are predominantly fine to medium
grained gneiss with some schistose zones. The gneiss is thought to be
the result of contact metamorphism after the intrusion of the great
granitic batholith which formed the Talkeetna Mountains. The rocks are,
in general, fresh to lightly weathered, and highly to moderately jointed.

GEOLOGY OF FEATURES

Main Dam: On the right abutment near the proposed axis, the rock out
crops rise from the river (elevation 1895), to a maximum elevation of
approximately 2600 feet. The rock1ine gradually drops in elevation both
upstream and downstream. Rock quality is good, but large quantities of
loose rock and extensive talus at the base of the canyon wall will
require removal. Foliation is roughly east-west, and oversteepening or
undercutting foliation planes could result in slides along shear zones
which are generally parallel to the foliation. Deposits in the bottom
of the river channel are estimated to be 125 feet deep.

Left Abutment Saddle Dam: Near Vee Canyon, the glaciation formed a
broad U-shaped valley about 6,000 feet wide. Glacial outwash and stream
sediments from adjacent mountain areas filled the valley with drift
which was once on the order of 800 feet thick. Subsequent stream
erosion generally has followed the old valley and has removed much of
the drift. At Vee Canyon, the river has left the old channel and is now
entrenched for a distance of 7500 feet in hard metamorphic rock at the
north side of the partially "buried ll glacial valley. In the area where
the left abutment saddle dam crosses this old buried valley, the ancient
thalweg (or valley axis line) is at a lower elevation than the rock
beneath the Susitna River in its present channel. Construction problems
at the saddle damsite would be directly related to the buried channel.
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Partially frozen, stratified drift estimated to be in the order of
400 feet thick underlies the saddle dam. Silts and sands are most
common with lesser amounts of gravel and clay. Part of the foundation
upstream may rest on terrace material of crudely stratified cobbles,
gravel, and sand. Permafrost is present with the temperatures in the
frozen mass so close to the melting point that stripping of the muskeg
cover promotes thawing and mudflows. However, where drainage is provided
by ditches, the material will drain and stabilize. Extensive foundation
excavation or other measures to prevent seepage beneath the saddle dam
would be required.

Under round Powerhouse:-Present proposals for a dam at Vee Canyon
inc u e an un ergroun powerhouse, as well as power and spillway tunnels,
in the left abutment. It is anticipated that much of the excavation
would be in sheared and highly jointed rock" and that steel supports
would be required throughout. Where conditions are favorable, systematic
rock bolting in conjunction with wire mesh may be used instead of the
steel supports.

CONSTRUCTION MATERIALS

Material Requirements: Concrete:

Aggregate Sources: Concrete quantities for Vee Canyon Dam are
based on a rockfill dam with concrete spillway and outlet works to
include intake structures, stilling basins, and control structures.
Concrete quantities are estimated at 100,000 to 150,000 cubic yards,
most of which will be structural concrete.

Concrete aggrega tes may be obtai ned from the ri ver channel depos i ts
and sand and gravel bars of the SusitnaRiver. The alluvium in the
channel and bars contains stream-worn boulder- to sand-size detritus.
The detritus is unsorted, subrounded to subangular, and mostly in the 2~

to 12-inch size range. Cobbles and boulders to 4 feet in diameter were
observed in the river channel during periods when the s11 t cont~nt was
at a minimum. Rock varieties include coarse- to fine-grained granitic
types, greenstone, gneissic metamorphics, and other dense, fine-grained
metamorphics. The sand content is clean and is composed of angular,
medium- to fine-grained quartz, and gray to black 1ithic grains. oA
second possible source of concrete aggregate lies in two distinct river
cut terraces in the reservoir area about 2000 feet east of the saddle
dike site. Threeotrenches were cut across the banks of these terraces,
and exposed crudely stratified pervious cobble gravel and sand with some
boulders. The maximum boulder size is 1-1/2 feet, with about 20 percent
being larger than 6 inches. ° An estimated 50 percent is between 6-inch
to 1/4-inch size and the remaining 30 percent is less than 1/4-inch.
The material is generally well graded and composed of subangular to
subrounded metamorphic and igneous rock types. The sand tends to be
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heavy in the medium- to coarse-grain sizes and is partly silty and
clayey. Permafrost may be encountered in-the main body of the terraces.
The amount of available material was conservatively estimated to be
2 million cubic yards by Bureau of Reclamation personnel.

Scope of Investigations: Material in the river-cut terraces and
adjacent glacial valley on the left abutment was sampled by dozer
trenches and by a number of random hand-dug- pi ts three feet deep. The
material encountered in the glacial valley is silty sand, with some
gravelly sand, with gravels ranging to 2-inch maximum size. Materials
from these areas were forwarded to the U.S. Army, Corps of Engineers,
Alaska District, for an e'leiTlentary petrographic description. The
materials were found to be predominately quartz, feldspar, mica, and
other materials, with weathering and alteration ranging from moderate to
advanced. No other aggregate suitability tests were run.

Material Requirements: Embankment: -Impervious core materials as well
as sand and gravel filters may be obtained by selection from the glaci'o
fluvial deposits in the proposed reservoir area and on the slopes of the
glacial -valley south of the saddle damsite. Three general areas were
sampled and the materials were tested in the Bureau of Reclamation
laboratory at Denver, Colorado. Complete test results are available in
the Bureau report, Engineering Geologfof the Vee Canyon Damsite, November
1962. While explorations were notsu ficiently complete-to delineate

-specific borrow areas, the exploratory work and the' test results showed
that very large quantities of pervious to semi-pervious material can be
obtained close to the damsite and in the reservoir area to the east.
Rockfill and riprap may be quarried from selected zones in the gneiss 
upstream from the damsite. Rock ,from required excavation can also be
incorporated into the fills. .
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DENALI SITE

SCOPE OF INVESTIGATIONS

During the summer of 1958, an engineering geology study of the
Denali damsite area was conducted by the Bureau of Reclamation. The
primary purpose was to make a surficial geologic map and to report on
the character and properties of the materials. During the fall of 1958
and the summer of 1959, 5 holes were drilled on the damsite, and 14 test
pits and trenches were excavated at the site and in potential borrow
areas within reasonable haul distances. Samples from the test pits,
outcrops, and talus deposits were shipped to Denver for testing.
Location of the explorations and logs is shown on Plate D-5, and detailed
logs are shown on Plates D-15 and D~16.

GENERAL GEOLOGY

The Denali damsite lies in a broad glaciated valley some 40 miles
downstream of the g.laciers at the headwaters of the Susitna River. The
advances and recessions of these glaciers in geologic history have
filled the valley to an unknown depth with glacial debris. Except for
the mountains north of the Paxson-Cantwell Highway, the only rock outcrop
in the area is ina small knob approximately 8000 feet downstream from
the investigated site. .

SITE GEOLOGY

Present Site: The most critical geological factors at the present
damsite are: (a) permafrost in both abutments; (b) pervious sand and
gravel strata in the right abutment; (c) low density fine-grained sands
in the river section, which may be subject to 1iquifaction; (d) occa·siona1
layers of compressible silts in both abutments. Melting of permafrosted
materials following reservoir impoundment could lead, to instability of
abutments and foundations. In addition, the severe design earthquake

. (magnitude 8.5 at 40 miles) could liquefy the unfrozen abutment and
foundation materials. Because of the suspect stability, both static and
dynamic, of the site, it is not considered to be a feasible damsite at
this time.

Alternative Site: The alternative site mentioned by the Bureau of
Reclamation in their report was examined by the Corps of Engineers
during the reconnaissance trip of June 1975. Particular. attention was
directed toward the right abutment, which appeared to present the more
serious problems. No signs of rock outcrops could be found, but evidence
of deep permanently-frozen sands and glacial deposits was abundant. It
was the opinion of the group that serious foundation problems existed at
both sites; however, the original site explored by the Bureau was the
better of the two sites.
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CONSTRUCTION MATERIALS

Material Requirements: Concrete:

Aggregate Sources: Concrete quantities for Denali Dam are based on
an earthfill dam with concrete spillway and outlet works to include
intake structures, stilling basins, and control structures. U.S. Bureau
of Reclamation estimates for Denali Dam include approximately 125,000
cubic yards of concrete. Concrete aggregates may be obtained from end
moraine deposits and gravel alluvium. These materials are all available
in the vicinity of the damsite and in the bed of Corset Creek, which
flows into the Susitna River, approximately 6,000 feet downstream of the
present damsite and 2,000 feet upstream of the rock outcrop, which is '
considered the most likely location for an alternative damsite.

Scope of Investigations: Test pits and trenches were excavated in the
end moraine material at the presently explored damsite and along the
approximately 8-mile-long access road from the damsite to the Denali
Highway. These test pits revealed a material consisting of sandy till
with unsorted rocks. The till is composed of less than 10 percent silt,
50 to 70 percent sand, and about 30 percent pebbles, cobbles, and
boulders. Occasionally, the rock fragments may constitute 50 percent of
the deposit. '

Terrace deposits along the shores of the Susitna River and Corset
Creek primarily consist of rounded to subrounded pebbles and cobbles up
to 6 inches in diameter in a matrix of coarse sand.

Gravel alluvium underlies the channel and flood plain of Corset
Creek. The deposits are composed of interfingering lenses of clean
pebble-cobble gravel, sandy pebble-cobble gravel, and minor amounts of
sand and silt. The average grain size decreases with increasing dis
tance from the foothills or from the end moraine complex. The surface
commonly is mantled with a few inches to one foot of silt. Samples from
the test pits in the end moraine were tested in the U.S. Bureau of
Reclamation's Denver Soils Laboratory for suitability as fill. A
possible source of riprap located downstream of the present damsite was
examined and sampled. Petrographic examinations were completed on
samples of the end moraine and the riprap sources.

Results of Investigations: Petrographic examinations of the sands
in the end moraine from two of the test pits show the material to be
composed of phyllites, argillites, shale, and a few altered andesites
and basalts. Very small amounts of quartzite, chert, and opal were ~lso

found. The sands sampled would produce concrete aggregates of fair to
poor qua 1i ty •

The sample of the rock outcrop near the mouth of Corset Creek was
examined petrographically and found to be a meta-andesite of satisfactory
quality for use as coarse concrete aggregate.
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Material Requirements: Embankment: Approximately 12,000,000 cubic
yards of embankment materials would be required for Denali Dam. In
general, there appear to be sufficient and suitable perv,ious embankment
materials available in moraine and outwash deposi~s near the site. Also
large terrace deposits are available for pervious embankment materials.
Filter materials may also be obtained by selection and processing of _
terrace deposits. The primary difficulty will be to locate suitable and
adequate quantities of impervious material for the dam core. Very
little clay occurs, and many of the fine-grained.deposits have a high
moisture content and are permafrosted. If the morainal deposits are
processed for pervious material, costs will be high. However, some of
the oversize material recovered would be suitable as riprap. The addi
tional riprap required could be obtained from excavation of the rock
outcrop near Corset Creek or from talus deposits near the Denali Highway.
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0, ,/ Phylllte,lIldtrately .....tllered

1''''' I'WVI
,~.~t\ S1),'m."" '05.' .. "....

V,0'1~1
'2Lj~

~
''"t-;D/~ Sl1ekellS1dts 124:7 to 131'

b".1 "l'/

IHOI:.ENO.i3

I..." .... ",.11

48.8'toSS.8'

;:~:::: ~=:: ~ rsl
13.0 g,.lo.. ' 1ooPS1

81.4'

7o.4'to80.4'
110 10Sl.2SJ 50 I 100 pst

-

:~.F:;-1'tTtItl !. PROJECT IlAvllClnyon

:~.F:r1'n'ItIl

-

'Y9' IORILLDATES'STAIlT""r COIIP.,. ... 57

DEJ"'fH OF HOLI~, 150.1' IDEPTH OF OVERBURDEN .0.0'01"'. Of HOLlE IX

ROCK DRILLED 150.1' CORE RECO'i£RED .. -----

IOB.9'tan8.9'

~:~ ::: ~::: :~ ~~P~:l

...... I......~I ....."T'.......TO"'.LS I,~

, .

128.5'tol38.5'
6.0 gpa 10Sl at SO ps1
5.511palo...tlOOp.l

ANGU FROM VERT. 33" IAZIMUTHFROMNORTHmo

D18TANCES'VDlTlCAL,125.9';,HORIZONTAL.81.8'

~U~[1I"'N~fG 11C

",.rLWW::~~;~~:~1?:'~::~Er
1.6hOO /1.

~", rl'l.!I/I::l:;:::;;'ir.~..
lo ~! ~:~1~~{h~~~tnodU11S.

i/~

~'7t-h
li;~~Ih;;;~:~;T.a~,~y;rr;::;-;;~"'l~""j, .lIOd;;;;~:"'~~:e;;;;;~Y~to

1"'.2 ~ ~;:~::i;'~~'~' ~Z~~:·~~'i"..,,~
r.l0_~! 9rf1J!,fIlKl8r':t:'tohfgltfrICtllre 7J(tol1.'"

I Ii· , ~:HE m:i ~OO~!1
'00.0 !O_~ :: sft'~t~lr~Yg':"geth'red.broten

If; llJ:: If:F: ~ ::~
~_ :i. .17.4' to 63.9' F~uH zone 99.8 g~ loss' 100 psi

"I~Z-I-lL
• L

, ~f'""""'"63'''

£LLV,[lVTHt:e1 DESQIUPTlON 0' MATI!IlI...... Ie:.

1HOL_E_No._ne

COMP.

DIAM.OfIHOLE N

u'mJo;:i1~/:116i)

126.2'to136,2'

~:~ ~:tcJof:s:t'~1~~fps

l;nl.3'toI49••

::~ 1~cJ~:.: :01=1~1
149.3'

8O.8'to90.8'::n: 1:: : ~P~:f

-

-

PRD.tECT Devil C~nyon

~M"N'fi'G

rnPh"I\"'_di~h'''''h'''''/ ~ltem~t1nllllght_1dark binding.
~ IIQder.telyfractllrfld. ,

750 I.

::::y:=:~:L. 1!S~,LU:~::T:~~05~~'

=.F:r'1'CTntI

EUV.tDa'fM~I'OESCRIPTIONO"MATEIlI"'LS

::.F:6tn'till

U'I
J:lo
J:lo

FILE NO. 2-500-92-04-01 APPENDIX I PLATE 0-8



-

ELaIDEPntIt':'I DUCRIPTlOJll O,"IIIATPIALS Ic~

-

IHOLE No.14B

l08.P tollS.I'
1.Bgplll'loss'25ps1
1I.5ifl1l1 10ss'5O psi
10.9.gpal loss,' 100

136.2'to146.2'
9.0gPl loss'25 p,f

It: :: ~:: : ~p$~f

-

-

-

-

I'.....

l.U~~~~~~~48 IE 9567 ISURFAI
PROolECT DRILLDATES'START12Jun1958COMP1

DE:PlllOF HOLE 146 2' DEPTHOI'OVERBURDEN DlAM.OFHOLE:

ROCK DRILLED 14~" CORE RECOVERE:D % RECOVERY

ANGLE FROM VERT. WO!AZIMUTHFROMNORTH "50 I.co-aLlDlY,

DlSTANCES'VEIlTlCAL.126.6'iHORIZONTAL.73.1'

Euv.I""",~·1 "...""•••, .."'"" Ic~

:~.':r7lTtot1 1 PROJECTOevl1Canyon

3s:"to45.7'
5.3gpmloss' 25 psI

~:~:: ~::: : i:oll
:'

IHOLE"N.O.l48",.li

24.Z'to34.2'

~U~~o~:s:·r~s:Sf
67.11 gplll loss. 100 psi

(sllqll1l19-not,H

4~0:·1l.6'
4.5 gpII Ion' 25 psI

COMPo

DIAM.OI' HOLE RY

66.3'to76.3'
45.~ gplillou' 25 psi
54gpalloss'50psf
67.3gplilon'IOOpsl

87.i'to97.2'

·iH !E'i:;: i ~L~HI

~~N'cr.~..

hear4o.1'-40;8'

PRoJECT !DRILI'-DAmi-STW

DEPlH Of HOLE I.~_" IDEPTH OF OVERBURDEN II_II'

ANGLE FROM VERT. m•· ! AZIMUTH FROM NORTH"S'

D1STANCES'VERTICAL.12U;' ~HORIZONTAL

t:t.rI.IDUnl~I,OtsCl'lI"TlONO'IIIATVlIALI ICCfll

.PAr-
AN.•• ·TfTMQIHOLUO.l~

COMPo

DI.....·Of'HOI.E:XAX

""RECOVERY

-

-

-

-

-

ANGlE FROM VERT. n • !AZIMUTHFROMNORTH ••u

DISTANCE$'"VERTlCAt.,104.1':HORIZONTAL

ELn.ICIU'nl~1 ' OUCRIPTION 0' IllAn"IAU ICCM

''','''I'J',l,l

lllB

''

11 f
II

. I II.
'~

•.• Ill 01,,,,,,,,.,,,,·,,

:~.r:;-'rr"'1 I PROJECTllo"n,

., lt~~~~,

BX Core to 56,1'
Pressllretests
~~:O~~T.-not ,11

lB.6'to28.6'
~:~ grpallv::s',2~oPS1,

COMP.

DI...... OFHOLEIIJlAt

IH~~E NOolU,

~
DIAM.OFHOLE NXIAX

89.7'tn98.9'

::~ :: ~:: :M::~
2.391'1I11)U '100 psf

59.8'
~IJO.

66.tto15.5'
10.3gpalloss'25ps1
13.0gplllloss'50psi
15.3 gplllloss' 100 psI

31.5'to41.5.'
15.0 gpal loss '25 psI

~U :: l:: : ~~~:,

",t

18.5' to' 87.7'
40.5 gpll loss. 25 psi

!tt!E ~E:1t~~:~:~

DRILLIl'TES'STAR"'i'

OEPTHOF0VEfI8URDEN

PROolECTOevlJ Canyon

DEPlHOF'HOLE

-l;tW-N'cr."15

ROCKDRILLED1:ro.4' ICORERECOVERED

'It~N'cr."",

::E:;:.ECIJnO. I~D:~:::~A'

:~=V~~~~Ai~' 1~4~"M~~:O;T:~:a~~~0

:~":r.mutI

."",I""",~I" ...'''",·,,,,,,,,,, Ic~

IHOLE NO. 14

3S.0(<t.to4S;Ott.
6.5 a-105J '151'&1
7.3~lolS'50p&1

26.2f<t.W36.2h.
Nolo5J.2San<lSOpl1

DRlU. DATES' START,~ .1.." lQ~A COMPo
J!lrNWG
DEPTH 'OF HOLE ' DWI.OfHOLE

ROCK,DRILLED82:rI ""RECOVERY

-

-

~U~~N'c?G'14 rEgS67- ISURFACEELEV-----W.l

::E:;,=1 ::. I~D:L~:::rr:.::Jun1958 COMP.I0 Jun '58

ROCKDRILLED So-(<t. CORE RECOVERED, SO (<t. "RECOVERY 100

ANGLE FROM VERT. 45' AZlMUTHfROMNORTH225o COW'lLlD .........

DISTANCES' VERTICAl.. 35.6 ft'iHORIZONTAL.35.6 f't.

:~.':r.,(TMt)

U'I
~
U'I

MElLE IfROMVERT. 35' I AZIMUTHfROMNClRTH n,' ICOWILlDIn'.

DflTANCES'VERmAt.o 57." .HORIZONTAL

.....1-1'::::'1·....",..·" ..,...." I~

ANGU FROM VERT.

~AL

''''',1''''''

AZIMUTH fROM NORTH

~

:U:=~:::~:l

*l;:~m:g;:.~~p;:
91.0 gplll loss. 100 psi

42.3'to52.3'
28.3 gpal loss' 25 psI

~~:: :: l:~: : ~Ol~l

"m'~I:I[~1~ ~i~;;;;;j;~~;';;:;~
:(1":(: ;~~~~e:~~~. gr:r~.~1:h~th

~ f:;~;:~ ::e~:l.l' Boul~r. granft'pail lEr~:li~.~~,,~I::::"N"

~
"~z::

61.8'to11.8'

~:gY~eJO;:S:;S~~S1
3.25gpalloss'100p'1

835.61 80

~1~~1,"'111"; "''''~'''''N'. "........%7 ~~~~~d in fault pa~al1'l to

/'.1
~ ~

1)-
'/'!';

'0_

-

58.0' to 68.3'

~:: :: ~:: : ~'p5~1
SOUTHCENTRAL RAILBELT AREA, ALASKA

INTERIM REPORT NO. I

UPPER SUSITNA RIVER BASIN

LOGS OF EXPLORATIONS
DEVIL' CANYON

1"- - HOLES 14 •AND 15

:~.':rTfTMQ ~;·I:~.":e",.,rr.OIl!PROJEcTOevlleanM IHOLENo.ul

ALASKA DISTRICT, COAPI OF ENGINEEftI

ANCHORAGE, ALASKA

DECEMIER 19711

FILE NO. 2-500-92-04-01 APPENDIX I PLATE 0-9



rlf{~~N~O OIl-J N·22809921.6 SURFACE /* ·~r~~ 011.5 nr~~:;~~:237.0 RFAE EV. 190l '\

PROJECT Vee Canyon DRILL OATES' START 9123/61 COMP.9/30/51 PROJECT 'Vee ClInyon DRILL DATES' START 3115/62 COMP.4/2162

DEPTH OF HOLE 136 OEPTHOFOVERBUROEN 35 DIAM.OFHOLE NX DEPTH OF HOLE· 116 OEPTH OFOYERBUROEN 14 OIAM.OFHOl.E NX

RO<:KDRILLED 101 CORE RECOVERED 41 Ml00J: "'RECOVfRY ROCKt)RIUEO 42 CORE RECOVERED 21MIOQS "'RECOVERY

:;:N::V:~:~t. AZIM'~~~:T::RTH COMLLDBV, OAT[ ::~:::~V:~~A~rt. AZI~U~~R~~:T::RTH ~O~LL08Y. OAT!

l'uv·I"""'~ ....."".. OF "'n."" .::"1 ....." ~I """""••, ''''',m I.~,
1''''/, IV"~ C"i!II~Jt.surfaceslreruststafne4·~

JllL'V\ 00

.D!. r---1
X> "

I
l'tf\ ~112.l1.../\1 92

7\7
V\

IV
I"... )0

\/\
YO

40""':'

'0_

Euv.IIIS'TH~IOESCAIPTIONO'.""'TEAI"'LS Icem' ;RE.....AItS

So· ..

COrelengthso.I'toO.1'

Core1sc1ose1ybroken
due to blocQge.

11001 Coreien9thO.I'toO.5'

~

~'I ~; .~'~::;.~::::,:;'.::::;",
~f"""'''''t'5·''''''···''''''II'''·''''",'''·bY<h'''''',..~~ :::h::"1"'}.:.:':::::~'''' ...,,,, "" ~t" "tom.

PROJECT'Vei!Canyon

DEPTliOFHOLE136

ROCI(ORILlED 11)1

::~:"C~:~V:~~AY~~t.! AZIM~U::R~:T:~RTH ICO..,UD9T. DATE
'.... i"""'r.:'1 .....""........",,'" I.~,

::,":;"7""'1.1 'PROJECT Vee Canyon IHOtE NO. 0Il.3

~r----V;;'cr.°DIl_3 fE 1.550.432.0 ISURfACEELEV.2085

COIl! I RE"AAItS

r;--

IHOLE NO. OH-2

~"~"""h""'toO'4'

f;oo

i 7
"""""""

IS'-

,... ~. ~.~~.

"'-

"..
I'....

~;~;~!ii[~!~¥t!L f:nd~E~k

PROJECT Vee Canyon ORll.LDATfS'START 811/61 COMP.8/12161

DEPTH OF HOl.£ 149 OEPTHOFOYERBURDEN 11 DIAM.OFHOl.! HX

RO<:KDRILLED 132 CORE RECOVEREO 1lM10OS ·"'RECOVERY

I"....

ANGlE FROM'VERT. JllO !AZIMUTHFROMNORTH H25'o1 !COIllPtUOBY. OATI!:

DISTANCES'VERTICAl.. ,HORIZONTAl.

Ill[..

i3L

"0..

PROJECT Yee Cenyon COMPo

DEPTH OF HOl.E 116 DIAM~ OF HOl.E HX

ROCK DRILLED 0 ICORE RECOVERED r%RECOVERY

::.':&"'7"",,,.

·':"'I"""'~I.''''''''.'.'''''''AL'

r-~ti~~~~~_ 011-2 I~ 2U~BfU ISURFACE [LEV. 2215

~~~._~M1 fE-~ISURFACEEl_EY,2i/'Z8

I :~:::~v:~::~.t.IAZIM,U~:R~~:T:~H ICO~UOSY.

I'UV'I"""'~ .,,,,,,,,•••,....,,'" leOO£
2128 Possible c1av. lean. slltv. orav.

COMPo

DIAM.OFHOLEfU

%RECOVERV

IHOLE NO,DH-2

Drl11:Kn1giii-,stone

~~~' :~:~~r~o~~=ln~
w1tIlZ·splltspoonl&lll
pier.

r"

Sl1t,gray.verywet,loolie,

~~~:~:. f~~ar~n=:~·I'~~Yih~~~~ky·
grades to sl1ty clay.

:E:l:~;f:~~:l~~'w~~~i~~~l.
'O~

Sallcl,buff,lIIId1U1l1,loose~ry

!~~b~!~:;~~f~:i~~:~:~f~~s
"-

130_

120_

PROJECT YeeCanyon DRll.LDATES'START

OEPTHOFHOl.E116 Q£PTHOFOYERBURDENl16

ROCK ORILLEO II CORE RECOVERED

::~:N::~V:~:~.t. J AZIMiU~:R~~:T::RTH

!I~~::~~~:;~~~~~;~'l I:: ::~:~e4 by cmpp1ng.

20 ~~ ~;;;~t~}'i1~:M::~\;' ~IC'" ,.",th••.,. ",.,.
N

130 ~SllearMbrecc1ate4,Qt.zhealed

D.!..
\1\
CJ.!.

140 \1\

D!.

'O--l~.ro."ro'k'''''''''bl'f''''''''~\/\ 92
1\/

ro-Jo< "N 91

'"]~ 'h"""""I,,,,,,,."'" :~.I"""""""""
\/\ 12

III 8( 94

IV 86

'"t~ ~;:;~""" QU h..,,,, ,,,,,,"-

(>(
N

~.OO.'J\

:;:::V::::.O IAZIM.U:R~~:T:~~ N25W !COYAU08Y. 0Att

ELtV.IDCPTHCOI DE~'UPTiDND' .....TEAIALS Ic~

PROJECT VeeCann

DEPl'HOFHOl.E I4g'

ROCKORIl.LEO 132

:~,":;"7(TMtI,J 'PROJECT Vee Canyon ,

EJo":t'

'lU~~~~G OHM1 IE 1,551,289.-0·

I ~U8~YN~~ PH-2 IE 1,550,513.8 ISURFACE El.EV.ll15

lHOLENo,oH-1A

N.ter retut:n generally,....

~
I

':. a"""",,,,,,,,,,,.
".

..

..
CorelengthsO.l'toO.4'

fHoleEl.21S4.

1771 t~:~tmn:nd~g~n:'5::JV:nd .·,,_-"'....""·~"..""".."'-II ..'·".."''''bY'''',..
":~:. ~S~~ '~ ~'~..~~~ ~:;;~;f:;':~:~:,::-

,,-iJi

f~J
{'/, :~:::~~l:: :rd~rk gray, ffne

~)<
·RFOllltfondIPS40°tocon.ltis.

\7\
'0 %

W
1\1

10 ~

%
".J.m}Qtl,epldoteaild 911'1lets.

/,\j

~
206911QO (~<

PROJECT Vee Can n

DEPlliOF'HOLE 111

ROCKDRILL£O 58

ANGLE FROM VERT. 30' I AZIMUTH FROM NORTH H25W lCONP1L!.DII'l'. OAT!.

OISTANCES'VERTICAL. iHORIZONTAL

:~~.F:&"'.,c:r"" I 'PROJeCT Vee Canyon

'UV.I"""'~I .....'''''.0'.'''''''' I.::"

~T"N'cr.G DH-IA IE 1,550.499.0 !sUFliACE ELEV.--ff6S

IHOLE NO,OIl-l Ii

E~
SURFACE ~I..EV. 2254

DRIl.LDATES'START all2l61 COMP' S1311/ 61

E!~~;;~J~:·::· l~r[140-

PROJECT:,veeCanyOn

.-
Po-

,,-

I
=·"·"'·"~""'·''''''''''"'''to" •.

.
' .

9rayconU1ns s_flllt sand and . 1Io1eadvance4bycllopand

110 .~ ~\~:~~~~~~~'~~='~ gg:S;:·:~:i:;:i;'

1,,_ ed~":::~':':~~

ANGlE FROM VERT. 30° IAZIMUTHFROMNORTHH2511

DISTANCES''y~I(;~l., • HORIZONTAL

'" t--n~'"k''''tobi'''~'''''''''''219 f1negra1ned, gnehosestructure.51.5Drlveshoelolit lnba'l

Bott~o'1lo1e 221l'
llepthofHole . 52'
Th1clmenofO.B. 048'
Rock Drl1led 4'

:;i,':;"'lTaiIl.!·'PRO.tECT VeeCanyon

1.I1lJ'rhoo

r-~U8~rv;~G DH.l

U1
".
0-

'50_ ro- "....

I'....

::.":;"7"""1,,1 'PROJECT Vee Canyon

I'....

,,,...

......

"....

1::."~1Il7n..tl.·1 ··PROolECT veeCanyon 1HOLE NO.1IH-3

,o-f

B2
/\ ,,,,,......:~~?''' '''Y.....

lli F.olfl.t!ondfP ranges between 4S'
V, ton~lrlyYertlc.1.

190. Of'
0<

80i 1101/\71 ""M " Bolo El. "85'
:~.F:."""II.1 ·PROJECT Vee CanyOn IHOl.E NO.DH-S

F-

0_

0_

:~.":&"'7",,111

~1:1iy~e:~i l~i~n~~l:~ef~:':~·

~:~: ~~:l~sS~::~~I;~nt1clty,

~;~:ff~~:::U:g:[~~;:I

Cl"ay, lean. s11ty, gray, flnl,
IIlOlst,ftwslltlenses,dralns
rapld1y,rne<tlllJldrystrength.

PROJECT Vee Canyon I.HOLE NO.' -~~~~,U

"....

1180_

-

Bo~tan of Hole EL 2052'
Oepth of Hole 116'
Depth of O.S. 116'

IHOl:.E NO. Dtl-7

SOUTHCENTRAL RAILBELT AREA. ALASKA

INTERIM REPORT NO. I

UPPER SUSITNA RIVER BASIN

LOGS OF EXPLORATIONS
VEE 'CANYON

HOLES' I THRU 7

ALASKA DISTRICT, COftPS OF ENGINlE"S

A_ORAGE, ALASKA

DECEMBER 1975

FILE NO. 2- SOU-92-04-Of APPENDIX I PLATE DiO



''''''funo~1 Doc".n.,., ...,.".... I....

::,"=-111"",,,,)

I'll-

~U!P~U

4~j::~e~~;::;':';::,:- -

I'll!.

1'''-

1"'-

I'....f/j :::::0,;'':1:'''':::' I I :l
Depth of D.8. 148'

I'"

I""

I'"

I'"

11~-~T~t!f~;:~.::~1~l;: -I

liU~~t~;N'o°Gou.g:.. ·", ,I~· ?~;m,~~:: ISURFACE".. El.EV.
PROJECT Vee Canyon COMP.i-29-61

DEPTH OF HDLE 148 OlAM.OFHOLOX

ROCKORILLEO "foRECOVERY

·ANGLE FROM VERT. I AZIMUT)(FROMNORTH ICOMPlLEDBV,

DISTANCES' VERTICAL, Vert ,HORIZONTAL

:~.f:e7(J'"HlI

1::I"""'m s::~':::::',,:;, ~~:::::':,,,,,Jo~'
i~:~~:~~:;~m£m::~:~~:rd

Hal lIe.1th

~~overed~: :nm!
spit-tube s"'.~l.r

AZI~U:~R~~:T:~RTH !OOMPlLlO BY, DATE

DRIl.l. OATES'START 7.25.&1 COMP'7.29.&1

OEPTHOfOVERBURDEN"R lO,AM.OFHOl.E

IHOLENOIIH.a

DEPTHOFOVERBURDEN 180 DIAM,OF HOl.E NX

CORE RECOVERED % RECOVERY
AZIMUTH FROM NORTH COMPILlDIll',

• HORIZONTAl.

ORl~5:;:~',aSTART' !SURfAC~O~~~V' 2333

Depth of Hol. 175'
Depth of 0.8. 175'

17"-

I""

I'n.

I''''

InIL

1'4ll.

I"IL

1'5Il.

1'5Il.

OEPTHOFHOLEl80

ROCK DRILLED

~
DISTANCES' VERTICAL

~rV;'cP.~.ll

::~.f:$"'.7lTNll

rlH~~~~.8
PROJECT

1-··
1'''''1''''''

IHOLE NO.l»l·a

Holeadvancedwltll

~:~~~db~~it.5~n~m~
spllt-tubesllIIIpler.

**\.Z~~Z~~~:~Jray,mfst,

~l~:il~l~: quick dilataney,

.11A:L, silty, gradation

n~~'l~a~~:~:Yo~i~~~:~~y,

~;;t ~~:~~f~i~ate to

.s.ill,frozen,stratlfled.

E~:~~~~E:!~i:E ~~m::s
~m~~1l1~~;e~~;~~~3On:r'
~~~~ to C1llYllY sl1twlth

1 7D-

1 10_

100-

150-

I'D-

1"-

130-

PROJECT COMP:

DEPnlOFHOLE DIAM.OFHOLENX

ROCK DRILLED "4 RECOVERY
ANGLE FROM VERT. y t !AZIMUTHFAOMNORTH ICOIolPlUDBY, OATE

DISTANCES' VERTtCAL. ~ HORIZONTAL

Ij;t~r~~i;'~;;'~------

, ~~ ~~~:;~'~~~;:.~~~~:
I 1~Y ::,::;\,:::·;,1::1,::1~:::1;.

2233 100- <':'-.'.§J;

:~.f:$"1O't"1

'''''·I""",~·I""",'PT'''''''''''''' I....

rsUMMARYLOO
HOLE NO, OH.10 IE 1.551.883.& ISURfACE ELEV.21

~T"Ntf~U_ll fE i~~n'o,~ R ISURFACE ELEV.

IHOLE NO.IlIl:7O:

11011 advanced by
chopping

Hole dr1l1ed toobu.ln

~~mS::~~~:~~::l.

'55'7955 ISURFACEEtEV
DRILL DATES' START 7-1_61 COWP'7_7_61

AZI~~:O;T::RTH !COWOlW8Y,
OEPTHOFOVERBUROEN]] IOIAM.OFHOLENX

~~·9~~~f=uratlfled

8otto-of HoTe E1. 2197'
DeptllofHole 33'14L DeptllofO.8. 33'

I,ll-

1"'-

17ll-

1"'-

D£PlHOFHOlE u

PROJECTVeeCanvOfl

ANGLE FROM VERT.

DISTANCES'VERTtCAL

~T~~_

~TV;;~GOli_l0

c.n
~.....

1"_

!~,Dgl]:1iii~';ob~y-J

EL£V.ID!PTH~CI OE$CRIPTIONDFIllAUFlIAU !COR!!:

ANGl.E FROM VERT. I AZIMUTH FROM NORTH ICOMPILlDIY,

OISTANCES'VERTICAl.. ; HORIZONTAl.

Hale advanced with
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Gentlemen:

Report
Subsurface Geophysical Exploration
Proposed Watana Damsit~ on the Susitna

River. Alaska for .
Department of the Army
Alaska District. Corps of Engineers
Contract No. DACW85-76-C-0004

In compliance with your request and as author·iz.ed by your contract
number DACW85-76-C-0004, we are pleased to submit five copies of our report,
"Subsurface Geophysical Exploration. Proposed Watana Damsite on the Susitna
River. Alaska for ~cpartment of the Army, Alaska Distr.ict, Corps of Engineers."
We also submi t l'eproducab1e copi es of all recordings. pl.ans. and cross-sections.

The accompanying report presents our conClusions concerning the
nature of th~ overburden and bedrock. and the depth to the top of bedrock as
interpreted from the seismic refraction data.

The horiZOntal and vertical scales used for the cross-sections have
peen modified from those originaJly requested. as authorized by'Mr. Glenn
'Greeley.

In the event that you have any questions, or desire'clarification of
any part of this report, please contact us at yo~r convenience.' It'has been a
pleasure to assist you on this project.

.'
Very truly yours,

t;.;;?',--
Associate ~ ...

~~ .fi~
Forrest D. Peters
Senior.Geophysicist
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REPORT,

SUBSURFACE GEOPHYSICAL EXPLORATION

PROPOSED WATANA OAMSITE ON THE SUSITNA RIVER~ A~AS~

~OR·

DEPARTMENT.OF THE ARMY

ALASKA·DISTRICT. CORPS OF ENGINEERS.
CONTRACT NO. DACW85-76-C-0004

INTRODUCTION

This report contains the results of a subsurface geophysical

survey performed during August and September 1975 at the proposed Watana

damsite on the Susitna River; Alaska. The proposed dam would be a rock

fill. impervious-core dam approximately 650 'to 850 feet high with a water

pool elevation of between 2.050 and 2;200 feet MSL.

The site is' located in T32N. R5E. Seward .Meridian, and is approxi

mately 125 miles NNE from Anchorage. Alaska. The location of the site is

illustrated on Plate 1. Plot Plan.
) .

J

/

PURPOSE Of THE SURVEY

The purpose of the geophysical survey was, to .obtain additional

information concerning. this site. for use in evaJuating the feasibility of

the dam. and for use in planning what further exploration may be necessary

at the site.

SCOPE OF WORK.

The g~ophysical survey consisted of 22.000 lineal feet of seismic

·refraction line on the upper right abutment area of the proposed dam, and
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approximately 500 feet of seismic refraction line across the Susitna River
in the vicinity of the proposed axis of the dam. The locations and details
of these refraction lines are illustrated on'Plate 1.

These refraction lines were used to determine the nature and
thickness of the overburden and the depth to the top of bedrock'along the
lines. ,In addition, the refraction data was interpreted to obtain any indi
cations of major structural, tectonic, or lithologie features which 'may exist

,within the bedrock. The specific purpose of the geophysical work on the right. .
abutment area of the proposed dam, was to determine if one or more buried,
abandoned river channels exist through this abutment, of the damsite.

FIELD WORK AND RESULTANT DATA

, Details of the field work are described in Appendix A. The seismic
refraction records which were obtained during this work, are reproduced on
Plates 5 and 6. The time vs. distance ,plots. of the refraction data and the
subsurface cross-sections which were interpreted from this data are presented
on Plates 2 through 4.

DISCUSSION

The results of this geophysical survey ,are of a prel iminary recon
a'issance nature,' due to the fact 'that no other subsurface information is
available concerning this site. The seismic refraction method of investiga-
tion is an indirect method, which is by itself, non-definitive concerning.many aspects of the geology of the bedrock and the characteristics of the
overburden materials.' The results derived from refraction data became progres
sively more definitive,with the incorporation of more and more surface and sub-
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surface information into the interpretation process. The conclusions dis

cussed in this report should, therefore, be re-evaluated in the light of.
any additional surface and subsurface information which may become available

at a later date.

UPPER RIGHT ABUTMENT AREA

Topography

Station 0+00 was used as a local elevation datum for seismic ·lines

A and B with an assumed elevation of 1,000 feet., The actual elevation, of

this station is approximately 2,300 feet MSL'as est)mated from the USGS

topographic sheet Talkeetna Mounta{ns 0-4. 'The subsurface crosi~se~tions on. '

Plates 2'and 3 can; therefore, be viewed with respect to possible pool-eleva

tions behind the dam with this possible MSL elevation as a reference.

The topography along lines A and B is gently rolling with some

relatively sharp topographic breaks about 10' to 15 feet high. Surt'ace drain

age' throughQut this area is generally poor such that most of the near-surface

soils are wet or fully saturated except close to the sharper topographic

breaks.

Surface Geology

There are no known bedrock outcrops along lines A and B. .Igneous

bedrock does outcrop southwest of station -4+00 on the higher ground in

this direction, and on portions of the slopes leading down to the Susitna

'River.
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The surficial materials observed at t~e ground surface and in the

borings drilled for shotholes (maxim~m depth of 9 feet, usual depths of

about 4 feet). are with one exception. generally of coarse glacial till!

glacial outwash origin. Large boulders and cobble-sized fragments of igne-
,

ous rock are characteristic of the surficial materials and form boulder pave-

ments in many areas. These bou1der pavements have little or no'interstitial
. . . .

mate!ials in many cases. The rest.of the surficial materials consist of a

heterogeneous mixture of silt to boulder sized clastics with a very high

proportion of boulders.

The only. observed occurrences of clay along lines A and B were in

the shotholes at stations'119+50 and 132+00. Approximately 4 feet of clay

was penetrated in the shothole at station 119+50 and similar clay' was

observed at the bottom of the shothol~ at station 132+00. .The ~rigin and ex-
.

tent of this clayey material is unknown, although it would pres~mably be of

lacustrine origin. A· sample of this material was giv~n to the Corps of

Engineers representativ~ on the site.

Depth to Bedrock and Thickness of Overburden

The depth of bedrock and the thickness of overburden as inter

preted from the refraction data are shown on the cross-sections on Plates 2

and 3. The overburden thickness varies from 'approximately 15 feet to approxi-

,mately 420 feet along lines A and B. These depths to bedrock are consider~d

to be accurate to approximately plus or minus 20 percent of the calculated

depths. This low order of accuracy is caused by highly variable overburden

characteristics, strong changes in the bedrock, surface· and variable bedrock

/
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velocity. The question of the accuracy of the interpretations derived from

the refraction data is addressed IUore fully in Appendix B. The interpre

tation of the data between stations 0+00 and 53+50 (Plate 2) is considered

less accurate than on the rest of the refraction line because of a combina

tion of overlapping anomalous conditions in the bedrock 'and overburden.

Bedrock Velocities .'

value of approximately 16»000 feet per second.

The velocit~es of the bedrock obtained from this survey range be-

tween 10»000 to '18,000 feet per second. A value of 18»000 feet per second.
was obtained on line C in the river bottom as will ~e discussed'later. This'.
velocity is considered representative of igneous bedrock which does not have

any appreciable open fract~res caused by near-surface stress relief.

The bedrock velocities obtained from lines A and B have a highest

This velocity is found from. .
station 0+00 to 3+00 and from station 198+00 to' 220+00. r't is considered to.

Yo

be representative of probable igneou~ bedrock which has'been stress relieved

to depths of at least one or two hundred feet.

Most of the area between stations 3+00 and 198+00 has a bedrock

velocity in the vicinity of 14,000 -.15,000 feet per second. The velocity

contrast between this and 16,000 feet per second is considered s,1gnificant

and real, however, the cause of this velocity change is open to question.

The bedrock in this area could be. igneous rock with a slightly lower v,elocity,

'or it could be of a different lit~ology (metamorphic or volcanic rocks).

The two low velocity zones in the bedrqck (station 5+00 to 11+50

and station 161+00 to 178+50) have velocities between.10,000 and 12,000 feet
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II p~r second. These low velocity zones must be cau'sed by a significant chang.~
;: .
Ij in eithel~ lithology or inte'rnal structure of the bedrock in these areas.

,The location and orientation of a.highly fractured zone in the bedrock ex-

. posed in the river-canyon wall south-southeast pf stations 5+00 through 11+50,

: suggests that .this low velocity zone may represent a shear ZORe.. However,

! this low,velocity zone ~ould also be caused by lithologic di~ferences. The

,i low velocity zone between stations 161+00 and 178+50 cQuld also be caused by
;:

:' either a shear zone or different lithology.

Overburden Velocities

The overburden velocities range between approximately 1,200 feet per
i

: second and 9,000 feet per second. The low overburden velocities between 1,200

: and 2,000 feet per'second ar~ indicative of loose, partially saturated near-

surface overburden. Intermediate velocities between 2,000 and 5,500 feet per

" second are probably the result of velocity averaging betweeo the near-surface

:'materials and water saturated materials below' them, b~t may also represent

: nearly saturated materials in some ar~as.

The velocities between 5,500 and 9,000 feet per second represent
;j

;! fully saturated overburden. The range of 5,500 to 6,500 feet per second is
:1
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(2) Permafrost conditions in otherwise normal velocity materials

can have velocities in this range.

(3) Overburden containing a very high percentage of boulders and

cobbles, which have good contact with each other can have

velocities in this range. Note that a zone of shattered

bedrock will also fit this description.'

It is impossible to 'determine from the velocity data alone, which

of these three types of conditions are causing velocities within the 6,500

to 9,000 feet per second range.

The area between 15+00 and 31+50 (Plate 2) contains overburden

velocities of 7,500 to 9,000 feet per second. This zone of high overburden.
velocity is unusual and is part of the reason for interpretation problems in

this portion of the line. This zone appears to contain a relatively thin

(50 to 100 foot thick) zone of high velocity-near the ground surface. Over

burden with normal velocity appears to be present below this high velocity

zone.

This interpretation is supported by unusual high frequencies of

the 9,000 foot per second arrivals from shotpoints at 22+00 and 31+50 which

is indicative of relatively thin-bed refraction arrivals. This interpretation

is also supported by the large offsets in the time-distance plots in the

vicinity of the critical distan~e of the refractor. This thin bedded high

velocity zone may be due to a very high concentration of boulders in the near

surface, or perhaps by near-surface permafrost. Other interpretations of the
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refraction data are possible .in· this vicinity, but the interpretation given

is considered to be the most probable subsurface configuratio'n.

The other areas with overburden velocities above 6,500 feet per

second do not have any distinct peculiarities within the refraction data

that will aid, us in making e~ucated guesses between the alternatives given

for this velocity range.

RIVER BOTTOM (LINE C)

Topography

The northern monument of line C (0+00) WCl.S used for a datum with

, an assumed elevation of 100 feet. The water level in the river ,on September

7, 1975 was approximately 55.0 feet using this elevation datum.

Surface Geology

Igneous bedrock outcrops in a vertical cliff on the south side of

the river ~bout 15 feet behind the Spruce tree usedfor.the southern monu-. .
ment of the refraction line. There were no observed bedrock outcrops ne~r

the northern portion of the refraction line. The slope between stations

1+00 and 0+00 and north of 0+00 consists predominantly of large-sized talus

boulders with little or no interstitial material. The materials on the gra

vel bar and in the river consist of a heterogeneous mixture of silt to cob

ble sized clastics with a large percentage of cObbles.

Depth to Bedrock and Thickness of Overburden

The quality of the refraction records for line C varies from excel

lent to very poor. The land geophones gave e~ce11ent arrival information
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liwhile the hydrophones gave very poor arrival, information due to the ·very
Ii
Ii great noise generated by the river current. The accuracy of the depth to
;1 •

Ibedrock showD on Plate 4 is consi~ered to be plus or minus 15 percent of
I" "I ' ., .

'the calculated depths, except under the hydrophone portion of the line

where the accuracy is less than this.

Bedrock Velocity

The bedrock velocity in the river bottom is approximately 18,000

feet per second. As discussed previously, this velocity is considered to

be representa~ive of the velo.city of the igneous rock which nas no appreci

able open fractures induced by stress relief.

Overburden Velocities

The velocity of 7, 000 feet per second observed. on the northern

end of line C is t~e velocity of the talus bqulders, or is a' combination of

arrivals through these boulders and through bedrock due to the effect of

the steep slope on the bedrock surface at this end of the line .
•

The water-saturated velocity of the alluvium in the bottom of the

river was obtained from a short refraction lioe run with a Bison Seismo

graph. The observed velocity from this line was 6,100 feet per second and

is in the, normal range for water saturat~d alluvium with a high percentage

of, large clastics.

SUMMARY AND CONCLUSIONS

The subsurface crQss-sections sho~n on Plates 2 through 4 contain

our best estimates concerning the probable depths to bedrock along the
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Ii refraction line in the upper right abutment area., and -in the vicinity of the
",I

i' proposed dam axis. These cross-sections can not be taken at face-value, but
I "
!

jmust be c~nsidered in context with the discussion of the resul~s given in

I the main body of this report, and the dicussion of accuracy given in
i

1 Appendix B. Additional subsurface information would provide more definitive

interpretations concerning th~ geology of this area.

There isa considerable portion of 1ine A where the bedrock surface

i is apparently below the potential pool elevations of either 2,050 o~ 2,200
, '

; feet MSL. The area between stations 20+50 and 41+50 has a be~rock surface
"

Ii appreciably below an" elevation of 2,050 feet if we accept the estimate given
il . "
:, in this report of a true elevation of 2,300 feet for station 0+00. lhe area
:: .
Ji between stations 1+50 and 59+00 has a bedrock "surface appreciably below'an
I. •.

, elevation of 2,200 feet, if we accept this same elevation estimate.

This area with relatively deep bedrock mayor may not contain an

abandoned, buried river channel as such. It,is possib'le that this' area may

be due solely to preferential excavation of metamorphic bedrock by glacial'

action rather than erosion of a river channel. The overburden may there-

fore consist of normal glacial till with or without highly permeable river

or glacial outwash materials. If this is the case, no firm conclusions can

be drawn concerning the lateral extent of this low bedrock area, and the bed

rock along the water's edge of the, reservoir may lie above or below the

possible pool elevations.

The presence of boulder pavements on the surface of this "area and

the possible existance ofa relatively thick boulder zone between stations

21+00 and ~3+50 could present large water loss problems if "these extend to
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- .
the edge of the proposed reservoir below pool elevation. However, the

high near-surface velocities' between these stations could be due to the

presence of permafrost rather than a boulder zone~

The clayey material observed in the shotholes-at stations 119+50
- .

and 132+00 may indicate a possible borro~ area for impervious core material.

The two low velocity zones within the bedrock (station 5+00 to

11+50, and station 161+00 to 178+50) may be caused by a hign degree of frac

turing within the bedrock (shear zone), or by a 1ithologic change within the

bedrock. The strongly fractured zone-in the.bedrock exposed in the river

bluff SSE of stations 5+00 to 11+50, appears to trend toward this portion

of line A, and may therefore be related to this low velocity zone.

The bedrock along the rest of lines A and B may be wholly i~neous~

or may be a combination of igneous and metamorphic rocks.

- 000 -

The following plates and appendicies are attached and complete

this report:

Plate 1 Plot Plan

Plate 2 Seismic Refraction Line A

Plate 3 Seismic Refraction Ljne B

Plate 4 Seismic Refraction Line C

Plate 5 Seismic Refraction Records Line A

Plate 6 Seismic Refraction Records Lines Band C
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Appendix A

Appendix B

. .

Field Work

Accuracy of Results

Respectfully submitted.

(JES & MOORE~' .

.~lL~· .SUkhm~nder Singh . ' .
Assoclate

Forrest D. Peters
Senior Geophysicist
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APPENDIX A

FIELD WORK

The geophysical field work for this report was performed betw~en

August 28 and September 8. 1975 at the Watana damsite. : The field crew con

sisted of three Dames &Moore geophysicists. two lJcensed powder-men. two

surveyors, a helicopter pilot. and several technicians. The C0r:'Ps of

Engineers sent a representative to the site for the duration of ,the field

work.

,
The survey consisted of one 22,000 foot seismic refr'action 1ine.

utilizing geophone spacings of 25, 50. and 100 feet. One 545-foot refrac-

tion line was conducted perpendicular to the Susitna'River near the axis of

the 'proposed dam. In addition, a short lOa-foot long. hammer refraction

survey was conducted in the river bottom. Total footage for the survey was

22,645 lineal feet.

The site was located (Plate 1) approximately five miles from

Tsusena Lodge where the field crew was 'lodged. Tranpsortation from Anchor

age to the lodge and back was provided 'by float planes and transportation

from the lodge to the site was provi4ed by a 206B Jet Ranger helicopter.

The above facilities and services were provided by Sea Airmotive, Inc. All

transport of equipment and personnel along the refraction lines was by heli-

c~pter. Surveying services were provided by F. M~ Lindsey and Associates.
, .

Powder and blasting services were provided by X-Demex Corporation. All sub

contractors are based in Anchorage.
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, The seismic lines were located at the direction of the Corps of

Engineer's representative at the site. The seismic refraction'line'was

brushed and staked at 100-foot intervals. Elevations were measured to the

nearest tenth 'of a foot, at every stake. Permanent monuments, Labeled PTA,

PTB, and PTC shown on Plate 1, were placed at stations 0+00, 110+00, and'

220+00.

The 'seismic energy used for the survey was produced by detonation

of explosive c~arges (Kinemetrics K.l 2-componentexplosives). placed into

shallow shotholes. The shotholes were drilled with a two-man power aug~r

or poled ~own with a crowbar. Shotholes were not less than three feet deep.

At all shotpoints th~ required poundage" which varied from 4 to 12 pounds,

,was achieved by loading a pattern of shotholes positioned within a five-foot

radius of the shotpoint. All charges were stermned and tamped with material'

from the shothole.

The energy released by the detonation of the explosive charges was

detected by vertically oriented, 14-hertz geophones .. The geophones were cou

pled to the earth by burial in a hole 6 to 10 inches deep.

A basic geophone and cabJe layout (profile) of 2,200 feet was used

for the main refraction line as shown on Plate 1. A total of five shots

were recorded into each,geophone profile. The seismic energy detected by

each geophone was input into a 24 channel SIE RA 44 Seismic Amplifier, and

recorded on an SIE R-6 Recording Oscillograph.

The field work for the river line was performed on September 7 and

8,.1975. Total length of the line was 545 'feet of which 275 feet was in
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the Susitn.a River. To span this segment of the river, a continuous loop of

aircraft stress cable (diameter 5/32 inches) was extended over the river to

the opposite bank. Slack was taken up to the point where the stress cable

extended across the river at an average height of 10 feet.

A hydrophone cable and shot line was then attached to the stress

cable. The hydrophones were spaced at intervals of 25 feet and secured to·

cable crimps fastened to the stress cable to prevent any slippage. Ten ver

t· tica11y oriented land geophones were spaced at intervals of 25 feet on the

dry ground of the ~orth bank of the river. Shotpoints for the ~iver .1ine

were positioned at both ends and 282 feet downstream from station 1+80.

To supplement the river survey, a lOO-foot long hammer refraction
. .

survey was conducted in the river bottom. This survey consisted' of record-

ing first arrivals from hammer blows located at various positions along the

line into a single channel Bison Seismograph. This refraction line was not

long enough to obtain refracted arrivals from the bedrock, therefore the
. .

data from this line is not presented in this report.
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APPENDIX B

ACCURACY OF RESULTS

Accuracy of Calculated Depths to Bedrock

The low order of accuracy for the results obtained from seismic

refraction data is quite common for this method of exploration when no other.

type of subsurface information is available. Accuracies of plus or minus 15

and 20 percent of the calculated depth to bedrock are quoted in ·this repqrt.

If the calculated depth to top of bedrock is shown on the cross-section at

100 feet below the surface, a quoted accuracy of ~ 20 percent means that the

true bedrock surface could be anywhere between 80 and 120 feet below 'the

ground surface.(i.e. ~ 20 percent of 100 feet)~ Quoted accuracies of this

type have a very special meaning which must.be explained.

The q~oted accuracy is a qualitatiye estimate made by the geophysi

cist who jnterprets the refraction data, at::\d represents his best estimate of

the effect of a larg~ number of factors on the calculated depths. The major

factors which affect accuracy are the following:

(1) Small scale irregularieties on the bedrock surface. The seis

mic refraction method, tends to avera'ge (smooth) the bedrock

surface. A boring may penetrate bedrock on a high or. low.

point of the bedrock surface which is not observed in the re

fraction data. However, a large number of borings along the'

refraction line will. show that the aver?ge depth to bedrock is

very close to that calculated fro.m the refraction data~ The. .

average accuracy of the calculated depth to bedrock wi.ll, there-
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fore, be much better than the quoted value {for example,

+" 10 percent or even + 5 percent instead of+ 20 percent).- . (, . _. . -

(2). Hidden/layers or blind zones. These ty.pes of subsurface

conditions cannot be observed directly in the refraction data, ,

but are the major cause for large differences between calcula

ted depths and the actual depths found by borings. Near-sur

face high velocities underlain by lower/velocities, and .buried

high vel~city zones which do not appear in the refrac~ion. ~ata

as first arrivals, are the major types of subsurface geometries

which are referred to as hidden, or blind zones. The quoted

accuracy f~r calculated depths contai~s.a large faotor to

account for such possible subsurface conditions. One or more·

·borings which penetrate bed~ock along the refraction line, will·

permit rec~lculation of the depth to bedrock to remove the

effect of such hidden or blind layers. The accuracy of the re

calculated cross-section will then become~ 10 percent or even

~ 5 percent.
/

r

(3) Highly irregular subsurface conditions and overlapping sub-

surface anomalies: The refraction data between stations 0+00

and 53+50 on line A is an example of this' type of accuracy

problem. The bedrock surface in this ~rea is irregular with

some areas of strong relief. The bedrock velocity in this area

is not constant. The near-surface arrivals indicate the possi

bility of a surface high velocity layer which is underlain by

lower velocities. All of these anomalies occur together and
. .

overlap each other to such an extent that it becomes .difficult

569
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if not impossible.to interpret the refraction data properly.

One or more borings in this area would help in the interpre

tation of the data by providing definitive subsurface'informa

tion which can be used to sort out the overlapping effects of

the various types of anomalies.

ACCURACY OF CALCULATED VELOCITIES

The quoted accuracies for the refraction data do, not refer to the

velocity values given on the time-distance and cross-section plots. The

accuracy of the calculated velocities are dependent primarily on the inherent

timitig accuracy of the seismic records. The calculated velocities are accur-

ate to within ~ 5 percent. Small-scale variations of seismic velocity within

the bedrock and overburden do affect the calculated velocities, but this type

of inaccuracy is included within, the above quoted accuraCy for the seismic

velocities.

The velocities shown on th~ time-distance plots are not necessarily

the real velocities of bedrock or overburden. , These plots contain'theeffects

of subsurface conditions and the geometry of the seismic wave systems. These

calculated velocities are therefore called apparent veloc.ities. ' The appa.rent

velocity from one direction ~n a geophone profile is directly related to the.
apparent velocity f~om the other direction. The combination of these two

apparent velocities is related ~~ the true ve~ocities and these true velocit

ies are given on the subsurface cross-sections.
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PLATE 5

SEISMIC REFRACTION RECORDS

LINE A

STATIONS 0+00 TO 110+00

UNREADABLE AT REDUCED SCALE

NOT REPRODUCED FOR THIS EXHIBIT
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PLATE 6

SEISMIC REFRACTION RECORDS

LINE A

STATIONS/II0+00 TO 220+00

lINE C

- (RIVER LINE)

UNREADABLE AT REDUCED SCALE'

NOT REPRODUCED FOR THIS EXHIBIT
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PRELIHI~ARY GEOLOGIC A.~D SEISHIC EVALUATION OF THE PROPOSED

DEVIL CA.\"YON A'\D WATA!~A RESERVOIR AREAS, SUSITNA RIVER, ALASKA

; .

by

John C. I..ahr and Reuben Kachadoorian

'.

This report i.s prelminary and has not been edited or reviewed

for cmlformi.ty with U.S. Geological Survey standards and nomenclature.
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ILLUSTRATIONS

Plate 1 -- Map showing faults in the area of proposed Devil Canyo~ and

Watana damsite t $usitna P~vert Alaska.

2 -- Map showing locations of epicenters in the area "of the proposed

Devil Canyon and Watana damsites t Susitna Riv~r, AlaSka

Figure 1 -- Index map shmdng location of proposed Devil Canyon and Watana

Reservoir sites, Susitna River, Alaska.

2 Index map showing location of vertical cross sections"

3 Vertical cross sections of seismic data.

4' -- Hap of south central Alaska shmving the extent of the underthrust

Pacific plate.

St'lTIl'w.ry ofsei~nu::c <:H:.ti.V:Lt:y that 1;<£1/ be related to. reservoir

Hlli.ng•

..
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INTRODUCTION

The. Alaska District, Corps of Engineers, requested the u.s. Geological Survey

to conduct preliminary geot~chnical evaluation of the proposed Devil Canyon

and Watana Reservoir areas. Susitna River. Alaska. TIle Alaska District, CE,

requested (1) a brief study of the potential for seismic events caused by

reservoir loading and fault lubrication, (2) a brief study of major mass move-
\

ment potential in the reservoirs with emphasis on possible catastrophic events,

and (3) recommendationsfo~ remote instrumention to evaluate items 1 and 2 above.

In view of the limited time for response. this report consists· of a brief

discussion of potential geologi~ and seismic hazards.and recommendations for

detailed studies of potential hazards that should be undertaken in the Devil

CaTlyon -and Watana Reservoir are~. This response is basef1 on a literature

~e~,.rch, dis cuss ions ui th colleagL\es. examination. of vertical aerial photographs,

~nd a prior geologic investigation of the Devil Canyon Dan~ite for the Bureau

of Rec1~mation (K:.chadoorian, 1974).

The proposed Devil Canyon and Watana dams are located on the SuSitna River in

the Talkeetna Mountains, south central Alaska (Figure 1). The Devil Canyon site
)

is located about 18 miles (29 kilometers) upstream from Gold Creek, which is on

the Alaska Railroad. The proposed dalllis 635 feet (193 meters) high and the

reservoir formed would have a maximum water elevation of 1,450 feet (441 meters)

above· sea level and. would exten.d ups tream for about 28 miles (45 ki.1.,)t/)Cters) to

thc·Watana damsite. The height of the proposed Watana dam is 810 feet (247 meters).

The reservoir produced would have a maximum water elevation of 2,200 feet (670 meters)

above sea level and would extend upstream for 54 miles (87 kilometers).

I

580



•....//./..-.....

I
i o c

...~~;~ 1400 .L.~o

}?.l>-

16d'

.s'.c:4

" 0""
•• ,S \."" ~':/...-

'TIl''' '
0> A I. 'EfIt jP:~ ~~-"~ .. ~ ~.DUlC'h' .~

". Tk.rbor
!

l,.N ow -........ 1!;?" • 140
0

~(p .J,

1"

'",

~

FIGURE I : INDEX MAP SHOWING LOCATIONS OF ?R::)?OSED DEVIL CANYON AND WATANA
~ESERVOIR SITES; SUSITNA RIVER, ALASKA

"H2



GEOLOGIC SETTING'

Devil Canyon Site

Geology.-- The proposed Devil Canyon danlsite is underlain by argillit~ and gray

wacke' of Cretaceous age. TIle rock is exposed in the canyon walls of the Susitna

River and in scattered outcrops :throughout the area. It is hard, generally

massive, medium- to da~k-gray metamorphosed fine-grained sediments that contain
, .

numerous stringers and vugs of quartz (Kachadoorian, 1974). The reser'voir of the

proposed Devil Canyon dam is underlain chiefly by argillite, graywacke, granite,

and unconsolidated sediments of glacial and non-glacial orig~n.

§tructure.--The following discussion of structure is taken from Kachadoorian

(1974). TIlere are three joint sets in the Devil Canyon dam site area, one well-

developed and 1:1.170 poorly developed. The strike of the 'veIl-developed or master
)

jcd.nt roet varies fl:om N. 115" P. to N. 10° \-1. <illd ~(l1eragcs N. 25° t,.1. The dip of tL~

joints rrolges from vertical to 75° E. and averages 80° E. The average spacing

of these joints is II to 5 ft. Locally , however, they are as close as 2 in. and

as far as 15 ft ap·art. The joints., with few exceptions, are tigh~. Nany of these

joints are filled with quartz containing finely disseminated pyrite•

.The two poorly developed joint sets consist of a generally tight set striking

paralle~ or subparallel to the bedding but generally dipping north instead of

south., and an eastward-striking, nearly horizontal set. The first set has a

spacing of 3 in. to IS ft. It is locally well developed and its joints contain

some quartz. The second set has a spacing from 3 in. to 30 ft. With few exceptions,

tile joints in this set are tight. They dip from ISo N. to ISo S., but more

commonly the dip is horizontal.
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We~l-developed shear zones. spaced from 50 to 800 ft apart, have been observed

.in the bedrock waLLs of Devil Canyon. M:my of the larger shear zones contain

gouge as much as 2 ft thick•. The shear zones with gouge are much tighter than

those without.

The shear zones appear to have developed parallel to or along the same trend as
,

the master joint system, which is probably older than the shear zones. The strike

of t]-;e shear zones is N. 25° \-1. and the dip is 80 0 E. This attitude is comparable

to the average strike and dip of the master joint set discussed earlier in this

report. The variation in· the. attitudes of the shear zones is of the same order

of mn2l1itude as the variation ~n attitudes of the master joint set.

Watana Site

S:~!£L(~;'Y'••.- 'i'he proposed Patana clamsi te is unde-rIcIn by grani tic rock .v.,hich IHiS

f11tn.lced the Cretacous argillite and graY~racke. Therefore. the granitic rocks
('!;p'§.

-:1::s· late Cretaceous .to Tertiary in age. The rock underlying the clamsite is

sound, hard, and coarse-grained. The reservoir of the Watana dam is underlain

chiefly by granite, argillite, graywacke, greenst0!1e, and unconsolida.ted sediments

of glacial and non-glacial origin.

St~~~£.,'-- \-le have no information on the joint and shear zone pattern at the

proposed Watana damsite.

Regional Faulting

Except for the detailed work of Kachadoorian (1974) around the Devil Canyon dam-

site there has only been l!mited geologic wor~mostlY of'a reconnaissance nature.

done in this region.' Plate 1 shows the location of regional faults (Beikman, 1974;

Csejtey, personal'conununication, 1975). Faults that are questionable are queried

on the plate.
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TECTONIC SETTING

The proposed Devil Canyon and Watana Reserv~ir region is located in the tectonic

zone· which extends along the entire margin of the Pacific "plate".· Atcord~ng

to the tenets of plate tectonics the lithosphere of the eart~ is made up of

several large mobile plates. The Pacific plate is moving northwestward with

respect to the North American plate and is being thrust under Alaska at the

Aleutian trench. The seismicity associated with this procesS ·may generally be

divided into three groups: earthq~akes, such as the 1964 Alaska earthquake,

. .,.-..
which occur on the surface of cant act between the Pacific plate and the North

'...J'

American plate in order to. acconunodate thei·r:r~lative motion; earthquakes which

occur i.n the North American plate in response to stresses produced by interaction

with the Pacific plate; and earthquakes occurring in that portion of the Pacific

plate ~"hi.ch has been thrust below Alaska. 111e latter events define a region

A major compDcation in the tectonics of Alaska which is not well understood

is the transition from u~derthrusting along the Aleutian trench to strike slip

motion on the Fairweather fault.

The present trench extends eastward only to about l45°W., more than 200 km from

the Fairweather fault. Therefore there appears to be a "transition" .zone in

southern Alaska between the eastern limit of underthrusting and the strike slip

Failveather fault. and in this zone Alaska may be largely coupled to the Pacific

plate (Richter and Hatsen, 1971). Richter and }latsen (1971) present this
-the

explanation for the Holocene and Quaternary faulting observed along Denali

""
fault sysrem and it probably influences the· tectonics throughout the reservoir region.

It is within this tectonic framework that the regional seismicity will be ~eviewed.
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SEISMICITY

DevIl Canyon andl.,Tatana "Reservoir Region

In order to access, the ambient seismicity of this regIon seismic data compiled

in the USGS (formerly NOAA) Earthquake Data File for January 1900 through

February 1975 waS searched for e':vents located from 146. SoW to l51.SoW and from

62°N to 63.7°N. This data set was used to plot the epicenters shoWn on Plate 2.

69-736 0 - 80 - 40

Eurther improvement in accuracy and a decrease in the magnitude of the smallest

locatable 'earthquake occur:ed when the Palmer Observatory of NOAA and the

University of Alaska established seismograph networks in 1967. Since that time

The accuracy oJ -these epicenters is highly dependent upon the number and distri

bution of seismograph stations used in 'their location. Previous to 1935,

'when the Co'llege, Alaska station was installed, the nearest data was recorded

at Sitka, Alaska. Five events. ;;;.re from this early time period. -They are all

rather large events with ulagni.tudes of from 5.6 to 6.25. They have been assigned

0.0 km depth due to lack' of depth control 8l1d their epicentralcoordinates have

an accuracy of approxir>:atcly 100 km. Ear-thquakes -recorded from 1935 to 1960

hc:lve an epicentral accuracy of approximntely'SO lou and errors :i.n depth as great

at 100 km. In this datu file the only ll1agnitude assigned during the 1935 to

1960 interval was '6.25 for an event in 1948. The remaining 22 events were probably

of magnitude 4.5 or greater in prder to be recor'ded by enough stations for a

-' location to be determined. With the establishment of the World Wide Standard

Seismograph Network (WWSSN) in the 1960' s and the use of computer techniques for

earthquake location the probable errors were again reduced. From 1960 through

.2' 1966 two events pf magnitude class 6 occurred , both below 70 km depth. Five

events of class 5 were located and thre~ of these had depth of 50,km or less.
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the accuracy has been typically 10-15 km for epicenter and 25 km °for depth

although errors may be much larger on' occasion.

The ,seismicity in the region of the proposed reservoirs ranges in> depth from

less tohan 10 km to greater than 175 km. In order to emphasize the moreo

reliable earthquakes not associated with the Benioff zone, the events shallower

than 50 km and occurring since January 1967.are indicated br solid symbols.

Events at 33 knidepth are not included, however, because this depth is assigned

to those earthquakes which lack depth control and they may, in fa.ct,be deeper

than 50 km. The five largest events with reliably determined depth of5Q.kmor

less and located since 1967 have magnitudes ranging from 4.1 to 4.6. In addition

fO\:1r magnitude class 4 events are assigned a depth of 33 km. The closest of these

eight events to the damsites occurred in· 1970 and was located about 72 km south

of tb? proposed 1.JclU;na d31~.sitc, at B depth of 44 YJll. J!'ifty-£our. m~igni t;..r.1c

Cl,'S3 3 earthquakes wi.th depth of 50 kIn or less were located since 1967. Seven"

of the 28 events "rith a reliable depth estimate were located ,·rithin 50 km of

on~ or both of the proposeddamsites.
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Benioff Zone. -- 111.c seismic _activity deeper than about. 50 km -depth is believed

to be associated with the Benioff zone of the underthrust Pacific plate. PDE

hypocenters have been used to determine the ext~nt and configuration of the

.Benioff zone (Lahr. 1975), as shown in Figures 2, 3, and 4~" Portions of cross-

sections F, G, and II pass through the r.eservoir region as noted on Plate 2.

Reference to Figures 3 and 4 shows that the upper limi t of the Benioff zone lies

at a depth of -approximately 50 to 80 km below the proposed reservoirs.

Since 1967 there have been 58 Benioff zone events -;>f magnitude class 3, thirty-one

of class 4, and five of class 5. This is a substantially higher rate of activity

than in the upper 50 kilometers. Subcrustal activity at a depth of 50 km or
e\",s~

mor~ below the darnsite and _possibly as large as magnitudc A7 should be considered

for its shaking ha?a!"Q in designing the dams. but faulting associa ted with deep

(':v(mts '.-v'.lld I!Oi: extend into the crust.

GEOLOGIC A.~D SEISmC HAZARDS

Mass Movemen t

The proposed Devil Canyon and Watana damsites are located in narrow, steep-walled

canyons of the Susitna River. At the left abutment of the Devil Canyon site there

are some overhanging cliffs formed by the southerly dipping beds~ The overhanging

cliffs have resulted in large blocks, that, in some cases. are distinctly separated

from the adjacent bedrock. Some of these blocks are as much as 25 feet across

and 50 feet high. These blocks could be shaken loose during a major seismic event

and if they fell into the reservoir could generate "..aves or if they were to fall

upon the darn they could damage the structure. It is unknown' whether such large

blocks occur in the Devil Canyon and Watana reservoir areas or.at the Watana damsite.
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Figure 2. Index map showing the location of the 4 vertical cross-sections

shm.'11 in Fig. 3. Each cross-section includes the epicenters

within a 100 km wide zone centered on the corresponding 1ine~

Tick marks are spaced at 100 km intervals. along each line.

·A[t~r L~lr (1975).
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Figure 3. Vertical cross-sections of PDE data for Jan. 1970 - May 1973.

Loc:ation given in Fig. 2. Small "and large X' scorrespond to

10-49 and 50 o~ greater stations used in location; a t is

plotted above Aleuti;"m Trench crossings. After Lahr (1975).
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Figure 4. Map of south central Alaska region showing the extent of the

1,lnderthrust Pacific plate. 50, 100, 125 and 150 lan,contours

are given for the upper surface of the Benioff zone. The

Denali and Totschunda faults are shown (after Richter and

Matson, 1971). The thrust faults, sawteeth on upper plate,

are after P1afker (1967). Depth ,contours are in fatholl's.

Relative motion vector shown is portion of small circle about

pole at 54°N and 6l o W. After Lnhr (1975).
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Approximately 1/2 mile. (1 kilometer) up$.t,reamfrom the proposed \-latana damsite

a study of aerial photographs indicates' that there may be a large landslide on

the south wall of the canyon th'at has reached the Susitna River. Small land

slides were noted on Watana Creek about I mile (1.6 kilomefers) '. from its con

fluence with the Susitna River. It is unknown whether these landslides are

the resvlt of seismic,a,ctivity. However, studies hp.ve.s.hown that numerous

landslides occur during ~. seismic event. Therefore, one must assume that the

. proposed Devil Canyon and ~-latana reservoirs could be subjected to earthquake

. generated l~~dslides.

TIl<~re. are numerous \.l~consolidated sediments cons is ting of glacial ,debris and

alJ.~vi'ilfan deposits that are plastered on t.he walls of. the canyon high above

thE:! river. These. uu{:o:\solidated sediments \-rill be inundated \'lhen the Devil

C:myon and \-,'auma rese'evoirs ,n:e filled. DHring P. major seisnic event the.se

sediments may slide a~1d generate waves in the reservoir.

'The highest runups of waves generated by overhanging blocks falling into the

reservoir and subaerial and s'ubaqueous landslides will. occur at the landslide

site and on the opposite wall of the reservoir. W~ves generated by landslides

l:1-.t .~. bend in theteservoir could be oriented primarily along the axis of the

reservoir. If such waves do occur~ they' would runup higher along the face of

the proposedearthfill Watana dam than the proposed concrete arch Devil Canyon

dam.

Seiches

that develup in lakes and reservoirs during earthquakes generally do not

high crests and probably would not cause significant damage, however, this
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possibility does exist. In theUebgenLake, 'Montana earthquake of 1959

subsidence of P?rtions of the lakecaused;g.reatsurges .of wate~, as high as

10 feet above the previouss.tatic water -level, that overto.pped the dam three

or four times (Myers and Rami.Hon ,19.64).

Earthquakes Induced by Reservoir Filling

Table I summarizes some of the cases in which there is an apparent relationship

between reservoir filling and !leismic activity. Many other large reservoirs

have evidenced no recognized increase in seismic' activity .' This i:nduced activity

generally dies out a few years after the reservoir is filled. . There is not a

consensus as to the mechanism for inducing seismicity.
•. I'

',AHC\e .",

The mostAaccepted theory,

lWHcver, j.s that increased fluid pressure in the earth effectively r.educes

frict'lol1 and allows abrupt faulting to relieve pre-existing stresses. The

l:Jcdificat:toH of the pre-existing st;n:.sses by the \o1eight of the imp.aunded water

may also be illvolved, .

'Based upon, the reservoir heights listed in Table I, as compared with the ~eight

proposed reservoirs, some' induced activity might 'be expected, and'the largest

event could be of magnitude class 6. Since the lnducedfaulting would be more

likely to reactivate a pre-existing fault or joint system' than to rupture virgin

. rock. it. is preferable to place the dams away from faulted and join,ted areas.
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TABLE 1

"SUMMARY OF ~EISMIC 'ACTIVITY THAT MAY 5E RELATED TO RESERVOIR FILLING

RESERVOIR YEAR YEAR· Of
CO}WLETED FI~~T

EARTHQUAKE

MAGNITUDE .APPROXIMATE APPROXUft\.TE
OF FIRST . WATER . ,WATER
EARTHQUAKE HEIGHT (m) VOLIDIE (109m3

)

TYPE
OF
DA:1

Qued Fadda, Algeria 1932 1933 Upknown
._i

L. Mead, U.S. 1935 1936 5.0 118 35. Arch

. Rhodesia-
L. Kariba, Zambi 1958 1961 6.1 125 175•. Arch

lIsifcngkiang, China 1959 1959 6.1 105 11.5 Buttresr,

Cajura, Brazil 1959, 1970' 4.8. .30 .12

1.. Grandvad, France 1959 1961. V(Inecnsity) 78 .292.

Ku't.'o~p., Japt':n 1960 1962 4.9 180 Arch

i.... 2-iOll te}' ard, France 1962 1963 4.9 130 275. Arch

~:(~yna , In·:! 5.a 1962 1963 6.4 103 2.8 Concrete-
Grcivir.y
""

V(Jgc:~rno, S'd.tzer1and 1964 1965 UnknoWn

I.. Kremasta, Gr,eece 1965 1965 6.3 120 4.8 Earth

l1angla,. Pakistan 1968 1968 Unknown ...
lIendrik Verwoerd 1970 1971 2.0 66 5. Arched Wa1.

Talbingo, AUlltralia 1971 1971 '2.4 151 Earth & Ro

Cr'ancarevo, Yugoslavia 4. 121 1.3 Arch

Vajont, Italy A landslide in 1965 killed 2600 people

tluryek, U.S.S.R. 1971 ·1971 5.5 120 Earth & Ro
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CONCLUSIONS

, The Devil Can'yonancfWatana damsites lie in. a regiort'ofhigh "seismicity between

two major 'tecton:Lcstructures whichcQu:tc;l sustai:(C earthquak.es in

the magnitude 8 range -- the Aieutfan subduction zone along'th~ southern coast

of Alaska and the Denali fault system in the Alaska Range to thenorth~ ' The

earthquake history of the reservoir area has not been studied in detail, nor

~as the level and spatial distribution of current seismicity • Within the present

limits of knowledge, it should be assumed that the proposed dam will be suhJect 

to potentially serious earthquake hazards. Surface faulting, if it occurs at

the damsites, isa potential hazard'; however, it ..may be minimized by careful

investigation of surface faulting prior to the final selection of the damsites.

Strong ground shaking from nearby, earthquakes is a hazard that is not easily

avoided by selection of alternative dams~tes. Accordingly, ground shaking is

li,kely to be a tiore signific3!lt hazard. Strc.ng shaking !l!ay cause damage to

structures directly and may also trigger slope failures and seiching of water

in the reservoirs. In addition to. the naturally occurring earthquake' activity

in the region, there is also the hazard that filling of a reservoir will trigger

potentially damaging earthquakes (as large as magnitude 6 or greater) in the

immediate vicinity of the damsites • Allthes'e hazards should be carefully

assessed in the siting and design of the proposed dams.

RECOMMENDATIONS

The impetus for the following,recommendations is three fold:

1) To provide the geophysical and geologic data necessary to pick

the optimum damsite locations and to design the dams to accomodate potential

environmental hazards. '

2) Once the dams are constructed, to monitor the tectonic processes
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"Th· I:ddi tioa to the: dct,liJ.cd r,eo] ogie l:.aps that will no douh t. be prq)<'ll:ed for

The Introduction and· and RecommendatLons of a publication en~itled Earthquakes

"Re]~~~.ed to Reservoir rilling by the Joint Panel on Problems Concerning Seismology

an[l' Rock Mechanics to theNAS-NAE (1972) is appended for, reference'. Their

. reconunendations, aimed at the third 'category, are excellent and hav.e influenced

the recommendations proposed herein.

the area around the foundations of thE> proposed Devil Canyon and Hatana Dams,

geologic mapping should be carried out for the entire area of the reservoirs.

~though great detail may not be required, special attention' should be giv~n

to the patterns· of faulting,thecompetency ·of bedrock 'and the extent and nature

of the unconsolidated sediments in the reservoir areas •.

..

595

Geologic studies should be. conducted to evaluate the faults that are queried on

Plate 1 and to determine whether other faults exist in the proposed Devil Canyon

and Watana reservoir areas. Emphasis should be. placed on the age a?d sense of

the most recent faultmoveuent, in 9rder to assess the potential for future

seismic activity and to improve our uriderstandingof the tectonic regime.

The stability of' the perched. unconsolidated sediments and large overhanging blocks

of, bedrock should be examined~

in the region and if possible to w~rn of impen4ing damage to the dams by

earthquakes and carthquake-"ind.uced landslides.

3) To' further the understanding of t;he ~echanism of re!?ervoir-inquced

seismicity in order to iIliprovethe prospects for predicting or controlling

.both induced and natural earthquakes.



Geophvsical Studies

Because the damsites lie in a region of high. ,but poorly understood seismicity.

comprehensive earthquake investigations are recommended including:

a) Operation of a n~twork of sens~tive seismogiaph stations to

record earthquake data necessary for determining in detail the pattern and

level of current seismicity. for identifying active faults. and for determining

the orientation of tectonic stress in the region tbrough focal mecbanisms.

" .
Long term seismic monitoring should be initiated as soon as possible.

b) Critical review and detailed reassessment of locations and focal

mechanisms' of historic earthquakes occurring within 100 kmof the reservoir

area. Foci of historic earthq;uakes should be relocated by special computer

-techniques to minimize the uncertainties in existing pub1ished,locations. The

improved locations would aid in the delineation of active faults.

c) Strong lllol:L:m instI"Uments plac:ed near.- ench of the proposed oi:.:::sit:es

to I:eeoro free-field ground s11aking in the advent of potentially da:nagirlg local

'earthquakes.

For purposes of earthquake forewarning. it is recommended that tilting of the

reservoir be monitored by installing continuously-recording water-'leve1 gauges

at the east end. center and west end of each reservoir. At Tasu Reservoir in

Chi1;la premonitory water level changes , attributed to tilt, occurred prior to

a large local earthquake (B. Raleigh. personal communication. 1975).

c,
Gravity studies in the proposed reservoir region show a major NE trending

discontinuity in gravity., These data should be reviewed and additional data

possibly obtained to increase our understanding of the structure and tectonics

of the region.
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APPENDIX

INTRODUCTION

There is evidence that local seismic .activity ,including. ea'rthquakes of moder,ate

magnitude (up to Richter magni1:ude 6.4), some of them quite destructive, h.as

pccurred in association with the impounding of Water in large reservoirs in

\

several countries. For many other large reservoirs, there is no evidence of

earthquakes related to filli~g~

As populations have continued to increase and the demand for water has grown

cor.r.espondingly, thjs phenOmenOl}, has generated a considerable amount of international

interest •. Thou~h reservoir-related earthquakes have nof thus far c~used loss of

·life or not~ble damage in the United States, in at least three fo.reign areas such

in India. at Kremasta Lake in G.:eece, and at . lake Kariba in the Zambia-Rhodesi.a

bO'-lIldary region. In. the past, such earthqt;akes were not gi'i~n sufflcfent sclcntific

attention to permit a comprehensive evaluation· of the associated hazards. It now

seems wise to review all aspects of the problem to determine the types and

amounts of additional information needed to evaluate these hazards. Of equal

import&~ce, perhaps, to the question of why these earthquakes occurred in these

places is the question of why no increase in seismicity has been observed with the

filling of other, equally large, reservoirs in other places (for example, the

Aswan.Dam in Egypt) •.

This report summarizes the history of recorded correlations between seismic activity

and the filling of large reservoirs, discusses scientific considerations , and

provides background for the recommendations on the following pages. It is illiportnnt

598



to consider. that for a ...rf;!lativ~ly smallinc:rease. in the investment.o.f manpowe~,

effort, and equipment called fp,r,.:.illthe recommended monitoring~nd study·pr0f:?ram,

very.largeben<;;fit~might be-realized.in termso! greatly impt'ovep understanding

oft:h~,I)l~chanis,?s of mucJl .larg,er, poten,tially catq.stroph,ic, natural events i1nd

in .. the prospects fo~, :predicting and ,controlling such events or fO.r modifying

their effects! '.'

RECOl'UIErmATIONS

The Panel offers the following recommendations, whose purpose is to provide an

improved understanding of the relations'hip between earthquakes and the impoundrr.ent

·of large reservoirs*-..,of \vhether there is) indeed, a cause-and-effect relationship

:tn some, C:2ses; of the triggering mechanism, or mechanisms , if such a relationship

is c1oi":rly shown; c.nd of \-7hat \-le might do 'to mitigate or p;revent such earthquakes.

the question of what constitutt':s "acceptable risk"--a question that '·,ill h:.lv,~ to

1>6 faced increasingly in the future as m:m's needs;' \vi.th growing frequ(?ncy, eCllile

lnto conflict with 'risks associated with his efforts to satisfy those needs.

Geologic Studies

In addition to the detailed geological maps usually prepared for the area around

",the foundation of a proposed da~, g~ologic mapping must be carried out for the

entire area of the reservoir. Although great detail may not be required, special

attention should be given to p~tterns of faulting and the competency of the rock

*A "large reservoir" is defined empirically, in this study, as one w.ith a volume
of one million acre-feet or more, lIsuallv il:ll'0undecl bl'hind a <bm 300 fC'et or
gr,~atcr in height-Although earthquakes have also been reported in association
with the filling of some smaller reservoirs the damaging quakes of relatively
l~rgemagnitudc~ have occurred ne.:lr large reservoirs as defined above.
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in the reservoir area. A clearer understanding ~of the hydrologic regime,

particularly as related to the'faulting, is required. If large faults are

pr.esent. and espedally if these 'show evidence of recent movement, a complete

re-e\'aluatiol\ of the chosen site, and of possible alternative sites, should be

madebefot'e construction is begun. In any case, the orientations and positions

at depth, of such faults should be determined. Such information would be

extremely important in subsequent geological and seismological considerations

of the area.

Geodetic Studies

The ,question of whether earthquakes occurr~ng in the vicinity of large reservoirs

migl.f be triggered by incl'cased fluid pressure or by crustal loading, or both,

.remains to be resolved. Ceodetlc studies 'before and after reservoi.r. filling,

\-71th spcd.al eY;;;.lh~\G:i.g gi'<cu to vertical 1iic<:CStn:ements, \1Quld he},p to answer this

question. Such studies are being conducted in conjunction with seismic

investigations at the Libby Reservoir in }!ontana and should be included 1:1 the

planning for all future large reservoirs.

It has been shown at Lake Kariba that the crust behaved in an elastic manner

when subjected to reservoir loads and. that the elastic-strain energy induced

was ,approximately equivalent to the seismic energy released. The most useful

data in this study were from long levei-lines run before and after filling. An

additional check on the response of the crus t to 'loading could be obtained by

trilateration using electro-optical measuring devices.

..

Crucial information about elastic deformations at dam sites can be obtained from

long geodetic level-lines established before construction has begun and repeated
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after the dam has beencomplet"ed•. An. important addition :to such geodetic

measurements could be made by some form of continuously recording strain meter.

Tiltme ters for _emplacement in boreholes have beende"veloped recently~ These

instrumentsshouldb~ installed in. at +e.a~t three widely spaced boreholes prior

to -filling of. a reservoir and recorrledon a time base comparable to t hat'_of

the seismic recording. If the response of the reservoir to loading takes place

:I.n disconti.nuous steps, \vh(!nearthquakes occur, ra.therthan smoothly as the

reservoir is filled, the tiltmeters wi.ll be able to resolve these strai.n steps;

However, it should be emphasized that the continuously recording str~l.in-meter

type measurement is not a substitute 'for the long level-lines.

Sei!'l1Tlic Studies

Comprehensive and continuing seismic studies should be carried out before, during,

.md ~;fter reservoir fill.ing. Five years before. filling, n t1:ipart::l.tc 112:':·,:C' i·:":"

of seIsmographs should be installed. These will serve to give approxirrw.te loca-

tions of ea:t:thquc<1:es that may occur prior to filling and to provide a reasofla~le

record of their frequency of occurrence. If the pattern of seismicity changes

as the reservoir is filled, the network should be expanded to the number of stations

needed to provide good coverage 'of the entire reservoir area. Experience has

shown that at least 10 high-gain, short-period stations are required for accurate

locat ions .of microearthquakes and determination· of' their focal mechanisms. Strong

motion instruments should also be placed within and near the dam to monitor the

larger quakes and the response of the structure -to large motions.

The proposed dam site and the surrounding area should be examined critically for

geologic faults using tilicroearthquake-detection techniq~es and other methods. If

faults exist, an evaluati~n should be made of the degree of hazard associated with

the planned reservoir a."'ld, as recommended above, alternative sites should be

considered.
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ALTERNATIVE SOURCES OF POWER '

GENE~L

Alaska has a wide variety of energy alternati,ves to produce electricity.
Each of .the major energyresources--oi1, coal, natural gas, and hydroelectric
potential cou1 d easily meet projected power requirements well beyond the
year' 2000. The nuc1e~r energy alternative 'is also available, and geothermal
fesources could be significant in some parts of the State. Present
energy generatipn systems depend heavily on fuel oils and natural gas
with smaller amounts of electrical energy coming from hydro powerp1ants
and 'coal. Major power resources, both hydroelectric and fossil fuel, and
the greatest power demands are in the Southcentra1 Rai1be1t area. This
area of Alaska extends from Cook Inlet and the Gulf of Alaska on the
south to the foothills of the brooks Range on the north (see Figure l).
Containing about 75pefcent of the population ~f the state, this region is
served by the Alaska Railroad, and is commonly referred to as the
II Ra i 1be1t. II,

It has been determined that hydroelectric power in the Southcentra1
Rai1belt Area could be operational by 1986 with the completion of a dam
~nd powerplant; thus economic and financial feasibil ity should be assessed
in terms of realistic alternatives that could be made availabl,e in about
the same time frame. Such alternatives include power from Cook Inlet
oil and natural gas~ coal resources in the Beluga and Nenana fields) oil
from the Alyeska pipeline, natural gas from,the North Slope, other hydro
~esources, nuclear power, and geothermal power.

Public Law 93-577 passed by the Congress on 31 December 1974 has
emphasized the conservation of nonrenewable resources and'the utili-
zation of renewable resources where possible. The construction of
hydroelectric dams is a feasible project that utilizes a renewable
resource to generate electrical power while helping to conserve the use
of nonrenewable resources such as oil and natural gas. Present Alaskan
power systems have a significantenvlronmental impact on urba,n environments,
but a relatively small environmental impact outside the urban areas.
Substantial increases in Southcentral Railbelt power requirements will '
involve the development of future electric power systems, larger facilities,
and some alternatives tha:t have very important environmental implications.

Future power systems will also require approaches that include full
consideration of environmental values and alternatives and must antici

. pate that Alaska and the nation will attach increasing importance to
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environmentab.protectfon,~nergy conservation;andconservatiopofnot;l
renewable resources: Additional requirements must be anticipated for
long-range advance planning and site selection, public participation,
and full consideration of the environment in planning, design, construc
tion, and operation of power facilities.

The si~nificant environmental impacts of the various proposed
alternatives would vary dependingon,the location, design, construction-,
and operation of the facilities,for each of the alternatives.

- .
Solutions 'consideredi n this investigation to ineetel ectrica1 needs

of the Southcentral Railbeltarea were grouped in three major categories:
a1ternativesourcesof, power; alternative hydrop,ower sources in the
entire Railbelt area; and alternative hydropower sources in the Upper
Susitna- River Bas:in. The amount of study given to each potential solution
was established by first screening each alternative for suitability,
applicability, and economic merit in meeting needs. Eachalternative
was tested for physica·' ,political, financial, institutional, economic,
environmental, and social feasibility. Continuous coordination was
maintained with area State and Federal agencies which have .related
interests.
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ALTERNATI VE'HYDROPOWER ~SOURCES IN, ,THE RAI LBEL~:AREA
~ ;

RAMPART CANYON

Considerable study has been made of the possibility of developing
hydroelectric power in the Upper Yukon Basin, with a dam, located,in
Rampart Canyon (see Figure 2). -The site for< this dam is: on the Yukon
River approximately 140 miles northwest of Fairbanks, Alaska. The
project has One of the greatest:,hydroelectr.ic potentialsein North
America." The proposal would create a reservoir with Ii water surface
area of approximately 10,600 square miles, with a maximum length of 280
miles and a maximum width of about 80 miles. ' The project would provide
firinannualenergy of 34.2 billion kilowatt-hours(the energy equivalent
of over 74 million barrels of oil per year). However, the impacts on
fish and wildlife resources in the Yukon Flats would be highly damaging.
Implemention of such a project would also be extremely controversial.

Rampart is engineeringly feasible, and the proposed project would
provide enough excess energy to encourage further industrial development
in Alaska, but it would introduce a number of secondary impacts not
associated with the recommended alternative. Excess energy could also
be transmitted to the "Lower 48" through an intertie system. However,
this would be a major action not directly applicable to energy needs of
the Railbelt Area. Justification would have to be based on a nationwide
plan which included Rampart as a recommended alternative to the development
of other energy sources. Within the time-frame criteria establ ished for
fulfillment of projected growth needs in the Railbelt Area, this is not
considered a viable alternative.

The tremendous financial investments, the substantial environmental
impacts, the limited opportunities for marketing the enormous amounts of
power, and the availability of more favorable, less costly alternatives
preclude recommending construction of the Rampart project 'at this time.
Rampart Dam could be developed if future national needs recommend the
project1s construction.

WOOD CANYON

Another possible location for significant hydroelectric power
development is Wood Canyon on the Copper River. The dam would be
located about 85 miles above the mouth of the Copper River in 'the
Chugach Mountains of southcentral Alaska. A "high dam" would develop
firm annual energy of 21.9 billion kilowatt-hours. A "1 0w dam" would
provide 10.3 billion kilowatt-hours of firm annual energy.
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The construction of a dam at Wood Canyon would force relocation of
two communities and would create serious environmental problems affecting
both fish and wildlife resources, especially the large salmon runs on
the Copper River. Unless tht;!' problem posed to migrating s.almoncou1d be
solved satisfactorily, the project would have an extremely adverse
effect on the major commercial fishing industry ina wide area of the
Gulf of Alaska .. This alternative is not consideredfeasible"at this time.

CHAKACHAMNA LAKE

The possibility of developing hydroelectric power fromChakachamna
Lake was investigated. The lake is lOcated on the Chakachamna River
which empties'into the west side of·Cook Inlet approximately 65 miles
west of Anchorage. The faci1itywou1d,generate1.6 billion ki10watt
hours of 'firm annual energy. The project would require the erection of
tramsmissionfacilities over difficult terrain to tie into a South- .
central Rai1belttransmission System and the construction of a high-cost
11-mi1e tunnel for power generation. The adverse environmental impact
would be SUbstantially less than for many proposed Alaskan hydroelectric
projects. However, the low energy output and the high costs render this
alternative infe~Sible at this time.

BRADLEY LAKE

The site for this authorized hydroelectric project {s at Bradley
Lake on the Kenai Peninsula at the head of, Kachemak Bay near Homer,
Alaska. The pro'posal would, generate 0.4 billion kilowatt-hours of firm
annual energy and could serve as a southern peaking installation for a
SouthcentraT Ra i1be1 tpower system. Advers.e environmental impacts of
this proposed project would be relatively minor compared tothe other
hydroelectric devel.opment a·lternatives which were considered. If an
economically feasible p1an'canbe developed; for Bradley Lake, the
project could be integrated with future deveTopmentof the Susitna River
basin. By itself, this project would fulfill only a small portion of
the projected electrical needs of theR~ilbel'tarea.

UPPER SUSlTNARIVER BASIN

Surveys for pot;entia1 tjydropower development in the Susitna River
basin were reported by the Corpsof·Engineers in 1950 and by the U.S.
Bureau of Reclamation. io1948, 1952, 1961, and 1974.. The 1952 USBR
report ind·i cated; 12potentfa1hydropower:si tes in, the' bas in ;of these,
the five damsites s,tudied in the upper Susftna basi.rtshowed the highest
potential. These studies showe~ the environmenta1iJ:l1pact from'projects
in the Upper SusitnaRiver Basin would not be as severe as those from
other basins, and the'firm energy potential cou1dcontdbute substantially
to satisfying the needs of the Southcentr,a1 Rai1belt area. lherefo~e,

the Upper S(jsitna River Basin was determined to be'the most feasible .
10ca.tionfor hydroelectric ,development necessary to 's,atisfY a significant
port;ionof the projected needs of the Southc'Emtr~l Railbelt Area prior
to the year 2000'~ Following is a detailed des-cription>of' the basin
stUdy area along with other pertinent environmental ;da.t~, a:sa basis for
evaluating impacts attributable, to various hydro~lectr;ic:.d~\'e1QPment$chemes.... , ... ,.."" _ .. " .., ,.- .... " - . --. - _.-.
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ALTERNATIVES FOR HYDROPOWER IN THE UPPER SUITNA RIVER BASIN

ENVIRONMENTAL SETTING

Physical Characteristics:

Description of the Area: The Susitna River, with an overall
drainage area of about 19,400 square miles, is the largest stream
discharging fntri Cook Inlet. The Susitna River basin is bordered on the
south by the waters of Cook Inlet and the Talkeetna Mountains, on the
east by the Copper River plateau and the Talkeetna Mountains, and on the
west and north by the towering mountains of the Alaska Range. The upper
Susitna River upstream from the proposed Devil Canyon damsite drains an
area of approximately 5,810 square miles (see Figure 3).

Three glaciers flow down the southern flanks of the Alaska Range
near 13,832-foot Mount Hayes to form the three forks of the upper
Susitna River. These forks join to flow southward for about. 50 miles
through a network of channels over a wide gravel flood plain composed of
the coarse debris discharged by the retreating glaciers. The cold,
swift, silt-laden river then curves toward the west where it winds
through a single deep channel, some 130 miles through uninhabited
country, until it reaches the Alaska Railroad at the small settlement of
Go1d Creek. '

After the Susitna escapes the confinement of Devil Canyon, the
river's gradient flattens. The river then turns south past Gold Creek,
where it flows for about l2Qmi1es through a broad silt and gravel
filled valley into Cook Inlet near Anchorage, almost 300 miles from its
source.

Principal tributaries of the low~r Susitna basin also originate in
the glaciers of the surrounding mountain ranges. These streams are
generally turbulent in the upper reaches and slower flowing in the lower
regions. Most of the larger tributaries carry heavy loads of glacial
silt during the warmer summermonths.

The Yentna River, one of the Susitna I s largest tributaries, begins
in the high glaciers of the Alaska Range, flows in agen'eral south
easterly direction few approximately 95 miles and enters the Susitna
24 miles upstream from its mouth.

The Talkeetna River originates in the Talke~tna Mountains on the
southeastern part of the' basin, flows ina westerly direction, and
discharges into theSusitna River 80 miles upstream from Cook Inlet and
just north of the community of Talkeetna.
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The Chu1Hna~River heads·on the southern slopes of Mount McKinley,
the highest point in North America, with an elevation of 20,320 feet.
The river flows in a southerly direction, joining the Susitna River near
Talkeetna.

The principal tributaries of the upper Susitna basin are the si1t
laden Maclaren, the less turbid Oshetna, and the clear-flowing Tyone
(Figure 4). Numerous other smaller tributaries generally run clear.
Streamf1ow.in the Susitna River basin is charactedzed by a high rate of
discharge from May through September and by low flows' from October

. through Apri 1.

·.Most of the Upper Susitna River Basin is underlain by discontinuous
permafrost. Permafrost is defined asa thickness of soil, or other
surficial deposit, or of bedrock beneath the ground surface in which a
temperature below 320Fhas existed continuously for two years or more.
Such permanently frozen ground is found throughout much of Alaska.

The area above and below the Maclaren River junction wttbthe
Susitna is generally underlain by thin to moderately thickpermgfrost.
Maximum depth to the base of permafrost in this area is about 600 feet.
Around the larger water bodies, such as lakes, permafrost is generally
absent. In some areas of the lower section of the upper Susitna basin,
permafrost is not present. Additional data is required before permafrost
areas can be specifically identified upstream from Devil Canyon.

River Characteristics: The~upper~usitna River isa scenic, free
flowing river with very few signs of man's presence. The extreme upper
and lower reaches of the SusitnaocclJPY broad, glacially scoured valleys~
However, the middle section' of therlver, between the Denali Highway and
Gold Creek, occupies a stream-cut valley with spectacular rapids in
Devil Canyon that are extremely vi~lent.

The Susitna, the Bremner in the southcentralregion, and the A1sek
in the southeast are the three major whitewater rivers in Alaska. All
three are Class VI (on a scale of I to VI) boating rivers, at the up~er
limit of navigability, and cannot be attempted without risk of life.
Few kayakers have completed the dangerous ll-mi1e run through Devil
Canyon.
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The Susitnawas one of the Alaskan rivers recommended. for detailed
study as possible additions to the National Wild and Scenic Rivers

-System in 1973, but was not one of the 20 rivers recommended for inclu
" sibn;n the system by the Secretary of the Interior in 1974. The
'Susitna River has not yet been studied as recommended.

About 86 percent of the total annual flow of the upper Susitna
occurs from May through September, with the mean daily average flow from
late May through late August in the range of 20,000 to 32,000 cubic feet
per second. In the November through April period, the mean average
daily flow of the river is in the range of 1,000 to 2,500 cubic feet per
second. On 7 June 1964, the recording station at Gold Creek measured a
flow slightly in excess of 90,000 cubic feet per second, which was the
highest flow recorded for the upperSusitna River since recording
started in 1950.

High summer discharges are caused by snowmelt, rainfall, and
glacial melt. The main streams carry a heavy load of glacial silt
during the high runoff periods. During the winter when low temperatures
retard water flows, streams run relatively silt-free.

Cook Inlet: All of the major water courses which flow into Cook
Inlet either originate from glaciers or flow through erosive soils;
either type of stream carries a high suspended-solids load. The natural
high flow period in streams tributary to Cook Inlet occurs during the
summer months of May to September, the main period when sediment is
transported to the Inlet.

Freshwater runoff into the upper Inlet is an important source of
nutrients and sediments. Large quantities of nitrate, silicate, and
surface-suspended sediment with particulate organic carbon enter the
Inlet with fresh water. Concentrations ~re especially high in the
initial runoff each spring and summer;' . These additions decrease in
concentration down the Inlet upon SUbsequent mixing with saline oceanic
water and with tidal action. The large input of fresh water dilutes and
tends to reduce salinity and phosphate concentration around river mouths
and in the upper reaches of Cook Inlet.

Geology/TopographY:

General: . The Railbelt area is characterized by three lowland areas
separated by three major mountain areas. To the north is the
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Tanana-Kuskokwim.: Low1al1d, which is delineated by the Alaska 'Range to the

south. TheSusitnaLow1andis to the southwest, bounded to the north by

the Alaska Range, and to the east by the Talkeetna and Chugach Mountains.

The Copper River Lowland in the east is bounded on the north by the

Alaska Range, and the west by the Ja1keetna Mountains. Each basin is

underlain by quaternary rocks surfaced with glacial debris, alluvium,

and eolian deposits. The mountains are primarily metamorphic and sedi

mentary rocks of the Mesozoic, with several areas of intrusive granitic

rocks in the Talkeetna Mountains and the Alaska Range, and Mesozoic.

volcanic rocks in the Talkeetna Mountains. Figure 5 delineates the

major features.

Susitna Basin: The Alaska Range to the west and north and the

Ta1keetna Mountains to the east make up the hi gh perimeter of the· Lower

Susitna River Basin. The Alaska Range is made up of Paleozoic and

Mesozoic sediments, some of which have been metamorphosed in varying

degrees and intruded by granitic masses. The Talkeetna Mountain Range,

with peaks up to 8,850 feet, is madeupofa granitic batholith rimmed

on theSusitna basin side by graywackes, arge11ites, and phyllites.

Much of the interior portion of the basin is fluvial-glacial overburden

deposits. Glaciers; in turn, carved the broad U-shaped valleys.

Glacial overburden covers the bedrock, which is composed mainly of shale

and sandstone with interbedded coals, Paleozoic and Mesozoicsediments,
and lava flows. . .

The Upper Susitna River Basin is predominantly mountainous, bordered

on the west and south by the Talkeetna Mountains, on the north by the

summits of the Alaska Range, and on the south and east by the flat

Copper River plateau. Valleys are floored with a thick fill of glacial

moraines and gravels.

Seismic Areas: The sQuthcentra1 area of Alaska is one of the
world's most active seismic zones ..· In this century, 9 Alaskan earth

quakes have equalled or exceeded a magnit~de of 8.0'on the Richter

Scale, and more than 60qua\<es have exceeded a magnitude of 7.0.

Several major and minor fault systems either border or cross the Susitna

River basin. The March 1964 Alaska earthquake, with a magnitude of 8.4,

which struck southcentra1 Alaska, was one of the strongest earthquakes

ever recorded.

Much of southcentral'Alaska falls within seismic zone 4 (on a scale

of 0 to 4) where structural damage caused by earthquakes is generally

the greatest. This area of Alaska and the adjoining Aleutian chain are

just part of the vast, almost continuous seismically and volcanically

active belt that circumscribes the entire Pacific Ocean Basin.
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Minerals: Most of the Susitna basin above Devil-Canyon is cons'idered
, to be highly favorable for deposits of copper or molybdenum and for;·~'

contact or vein deposits of gold and silver.' One known' ·d.eposit of~;~"
copper of near-commerci a1 si ze and grade' i s near Denali. Also, the;
Valdez Creek gold placer district, from which there has been some pr,o-
duction, is within the proposed project watershed., ,~

, . : , ~:'
Thoug h a number of mi nera1 occurrences are known and' the' area 1-,s

considered favorable for discovery ofaddi tiona l' deposits, much- oT~he
drainage basin has never been geologically mapped." Thus, geol09ica~lY,
the basin constitutes one of the least known areas, in the State exc:ept" ,
for a few areas in the vicinity of Denal i where some geologic mapping'
has been done. ", ,

c· . '..~> ~
, ,

Geologic information for the project area is not detailed enough:to
assess mineral resource potential within the proposed reservoir impoUndment
areas.

, The AlaskaStateDepartment of Natural Resources states 'that th~r:e
are"active" and "non-activell mining claims in the upper'Susitna River: ,
drainage area between Devil Canyon and the Oshetna River. Many of these,
claims are in upper Watan!l Creek above the maximum reservoir pool
elevation, and in the surrounding drainage areas where copper activity,
is moderately extensive. '

Climate: The Susitna basin has a diversifiedclimate~ The latitude
of the region gives it long winters and short summers, with great variation
in the length of daylight between winter and summer. The lower Susitna
basin owes its relatively moderate climate to the warm waters of the
Pacific on the south, the barrier effect of the Alaska Range on the, west
and north, and the Talkeetna Range on the e'ast.The summers are characterized'
by moderate temperatures, cloudy days, and gentle rains. The winters

'are cold and the snowfall is fairly heavy. At Talkeetna, at an elevation
of 345 feet, which is representative of the lower basin, 'the normal
summer temperature ranges between 440 and 680F, with winter temperatures
ranging between 00 and 400F. The extreme t~perature range is between'
-48 and 91 0F. The average annual precipitation is about 29 inches·,
including about 102 inches of snowfall.

The upper Susitna basin, separated from the lower basin by mountains,
has a somewhat colder climate and an average overall annual precipi
tation rate of approximately 30 inches.
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Biologic~l Characteristics:

Fish:

Anadromous Fish: Fish inhabiting the Susitna basin are divided
into two major groups: ~esident and anadromous. The anadromous fish
spends a portion of its life cycle in salt water, returning to the
freshwater streams tOe spawn. In this group are included five species of
Pacific salmon: sockeye (red); coho (silver); chinook (king); pink
(humpback); and chum (dog) salmon. All five species of salmon die soon
after spawning. Dolly Varden, a char, is widely distributed in the
streams of Cook Inlet and is present in the Lower Susitna River Basin,
with both anadromous and resident populations. Smelt runs are known to
occur in the Susitna River as far upstream as the Deshka River about
40 miles from Cook Inlet.

Salmon spawn in varying numbers in some of the sloughs and tributaries
of the Susitna River below Devil Canyon. Salmon surveys and inventories,
of the lower Susitna River and its tributaries have been made over ,a
number of years, resulting in considerable distribution data; however,
population studies and additional resource studies are needed~ The
surveys indicate that salmon are unable to ascend the turbulent Devil
Canyon, and, thus, are prevented from migrating into the Upper Susitna
River Basin.

;;'The 14 million pounds of commercial salmon caught in Cook Inlet
dur,ing 1973 comprised about 10 percent of the 136.5 million pounds of·
salmon harvested in Alaska during the year. Chum, red, and pink salmon
totaled about 94- percent of the salmon catch for Cook .Inlet during 1973.
(1973 ,Catch andProduction--Commercial FisheriesStatistics--Leaflet
#26;; State of Alaska Department of Fish and Game).

The 1973 commercial catch. figures do not approach the maximum
sustained yields for Cook Inlet, but do present the latest available
commercial catch information, and except for chinook salmon, are representa
tive of the last several years of commercial salmon fishing. Sport and
subsistence fishing for salmon in Cook Inlet and in the Susitna basin
are also important considerations.

According to the Alaska Department of Fish and Game, a significant
percentage of the Cook Inlet salmon run migrates into the Susitna River
B;~si'n. Indications are that although all salmon stocks are important,
only a small percentage of the Susitna basin salmon migrate as far
upstream as the 50-mile section of the Susitna between Devil Canyon
damsite and the confluence of the Chulitna River, to spawn in the river's
clearwater sloughs and tributaries. A 1974 assessment study, by the .
Alaska Department of Fish and Game, of anadromous fish populations in
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the Susitna River watershed estimated 24,000 chum, 5,200 pink, 1,000 red,
and between 4,000 and 9,000 coho salmon migrated up the Susitna River
above the river1s confluence with the Chulitna River during the 7-week
study period from 23 July through 11 September when most of the salmon
were migrating up the river. The report indicated that chinook salmon
were also present.

A minimum of 1,036 pink, 2,753 chum, 307 coho-,and 104 sockeye
salmon spawned during the August and September spawning period in the
streams and sloughs of the Susitna River between the Chulitna River
tributary and Portage Creek as determined from peak slough and stream
index escapement counts, according to the study. The assessment also
indicated that a portion of the-pink salmon spawn in the study area may
have been destroyed by a late August-early September flood.

Chinook (King Salmon): The king salmon spends from one to three
years in fresh water before migrating to sea. It is not unusual for
this species to attain a weight of over 40 pounds. The maximum age is
8 years. In 1973, over 5,000 kings were caught in Cook Inlet; the total
commercial catch comprised about 1.5 percent of the total weight of
salmon caught in this area. The 1973 catch figures for king salmon were
very low when compared- to the average yearly catch for this species.

Sockeye Salmon (Red): The sockeye salmon averages between 6 and 8
pounds, with a range of from 2 to 12 pounds. This species spends from
1 to 3 years in a river system in which there are connecting lakes. The
maximum age attained by this salmon is 7 years, but most return to spawn
at 4 or 5 years of age. The landlocked variety of this species is
ca 11 ed a kokanee and usually atta ins al ength of from 12- to 15 inches.
In 1973, almost 700,000 sockeye were caught in Cook Inlet, with a total
weight of over 5 mi 11 ion pounds, or 37.0 percent of the total weight of
the Cook Inlet commercial salmon catch. About 14.5 percent of the
sockeye salmon catch in Alaska occurred in Cook Inlet.

Coho Salmon (Silver): The coho or silver salmon spends-from 1 to
2 years in fresh water and'returns from the ocean to spawn at 30r
4 years of age. Mature coho average about 10 pounds; some reach weights
of over 30 pounds. The 106,000 cohos caught in Cook Inlet during 1973
weighed just over 648,000 pounds and comprised about 4.5 percent of the
total commercial salmon catch for the area.

Pink Salmon (Humpback): The- pink salmon migrates to sea immediately
after hatching and returns to spawn at 2 years- of age. The average
weight of a mature pink is 3 to 4 pounds, with some pinks weighing up to
10 pounds. The 624,000 pink salmon caught in Cook Inlet during 1973
weighed over 2,260,000 pounds and comprised about 16. 2 percent of the 
total weight of the commercial salmon catch in the area-. Historically,
odd-year catches of pink salmon are poor. Even-numbered year catches
average about 2 million pinks.
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Chum {Dog Salmon): Chum salmon attain weights of up to 30 pounds,
with an av'eragematureweight of 8 to 9 pounds. This species migrates
to sea immediately after hatching and matures between 3and6 ,years of
age. The 742,000 chums caught in Cook Inlet during 1973 weighed almost
5,800,000 pounds and made up over 41.0 percent of. the total commercial
salmon catch for the area, the largest percentage of any of the 5 species
of Pacific salmon. About 12.5 percent~of the 1973 Alaskan chum salmon.
catchocclirred in Cook Inlet·.

Salmon eggs hatch in late winter or, early spring following the
summer and fall spawning periods .. The eggs incubate in gravelly stream
beds and cannot to1~rate h.igh levels of siltation or low flows that
dewater·the streambeds during the incubation Qr a1evin (pre-emergent)
stages.

Resident Fi sh: Grayl ing, rainbow trout, 1ake trout, Dolly Varden,
whitefish, sucker, sculpin, and burbot (ling) comprise the principal
resident fish population of the Susitna River basin. Although distribution
studies have .been made in the past, the magnitude of resident fish
population~ in~heSusitna drainage is largely unkno~n.

During the warmer months of the year, when the Susitna River is
silt laden, sport fishing is limited to clearwater tributaries and to
areas in the mainSusitnaRiver nea~the mouths of these tributaries.

Resident fish, especially grayling, apparently inhabit the mouths
of some of the clearwater streams on the Susitna River between Devil
Canyon and the Oshetna River; however, most of the tributaries are too
steep to support significant fish populations. Some of the upper sections
of these clearwater tributaries, such as Deadman Creek, support grayling
populations. Lake trout are also prominent in many of the terrace and
upland lakes of the area.

Birds:

Waterfowl: The east-west stretch of the Susitna River between the
Tyone River and Gold Creek is a major flyway for waterfowl. The majority
of,the waterfowl nesting areas in the Upper Susitna River Basin are on
the nearby lakes of the Copper River Lowland region, on the Tyone River
and surrounding drainage areas, and on the ponds and lakes of the wide
flood plain in the Denali area.

The Upper Susitna River Basin has a moderate amount of use by
waterfowl when compared with the Lower Susitna River Basin. The lower
basin has a SUbstantially greater amount of waterfowl habitat, and a
greater number and variety of waterfowl seasonally use the thousands of
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lakes and ponds in this area to nest and to raise the,iryoung .. Large
numbers of migrant birds also use the Susitna .River basin for feeding
and resting during spri,ng and fall flights' to and from Alaska's interior
and north slope.,Distrfbutionand density of waterfowl habitat within
the Railbeltareais shown on Figure 6. .

Raptors:' Raptors,including golden eagles, bald eagles, and various
species of hawks, owls, and falcons, occur throughout the entireSusitna
River basin but in smaller numbers in the river canyon between Portage
Creekan'd the Oshetna River. A June 1974 survey of cl iff-nesting raptors
conducted by the U.S. FishandWildlffe Service, determined that the'
population densities of these birds between Devil Canyon andtheOshetna
River are low and that no endangered species of peregr.inefalcons,
American or arctic, appear to nest along the upper Susitna River.
Peregrines have occasionally been sighted within the area of the upper
Susitna basin and along migration routes through the Broad Pass area of
the upper Chul itna River.' ' ..

On the basis of the 1974 U.S. Fish and Wildlife Service findings,
other raptor populations in the canyon area of the upperSusitna River
were determined to be minor, although minimal data were acquired on the
tree-nesting raptors. Several nesting pairs of bald eagles and gyr
falcons were observed in or near the canyons of this area, and golden
eagles frequently occupi.ed upland cliffs in the vicinity of Coal Creek.

Substantial populations of ravens were found in reaches of the
Susitna River aboVe Gold Creek. The nests of thfs large bird are often
used by raptors, including peregrines and gyrfalcons. However, ,there
was no evidence that the nests observed were being used by raptors.

Other Birds: Unknown numbers of game birds, such as spruce grouse
and willow ptarmigan, inhabit the Upper Susitna River Basin. Some
incidental hunting takes place along the Denali Highway, but hunting
pressures are practically nonexistent in most of the area.

Various other species of birds including songbirds, shorebirds, and
other small birds are found throughout the UpperSusitna River Basin in
varying numbers.

Mammals:

Caribou: One of the most significant wildlife resources of the
Upper Susitna River Basin is the wide-ranging Nelchina caribou herd.
This herd, a major recreational and subsistence resource in the south
central region, declined from a population high of about 71,000 in 1962
to a low of between 6,500 and 8,100 animals in 1972. This spectacular
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decline' has been'attribLited to various factors~ including migratiohto
other areas, bad weather, pred~tion, and overhunting. Motorized all
terrain vehicle access to the backcountry has improved hunting success

, even in the face of a rapidly declining caribou population."

Segments of the Nelchina herd pe~iodically-range throughout muc~ of
the Upper Susitna River Basin (see Figure 7). The majoY"calving area
for the herd is on the nor'theas t s1opes of the Talkeetna .Mountains on
the upper reaches of-the i<osinaCreek'"Oshetna River, and Little Nelchina
River drainages. Calvi!1ggenerallytakes place between mid-May and mid
June. Except for inte,rmittent seasonal migration. routes across the
Susitna River in areas upstream from Tsusena Creek, caribou are not
resident tothe main Susitna River canyon between Devi.l Canyon and the
OshetnaRiver.· ."

Caribou depend upon cl imax range, especially for winter forage; any
alteration of the vegetation, especially of sedges and lichens, has a
detrimental impact upon their distribution and numbers. A trait of the
Nelchina ,herd is an almost constant change of winter ranges, a phenomenon
that has undoubtedly characterized'Alaska I s carfbou populations for
centuri es. ' .

The Alaska Department of Fish and Game considers the Nelchina herd
to be one of the Sta~~l-s mostiinportant caribou populations. Several
thousand hunters from Anchorage and Fairbanks participate in the annual
hunting of this species.: Additional thousands of non-hunting recrea
tionists viewthel11igrationsof,caribou as they cross the State's major
highways. In addition, the herd provides sustenance to predators and
scavengers such as wolves, grizzly bears, black bears, wolverines, lynx,
and various species of birds.

Moose: Moose range throughout much of the Upper Susitna River
Basin (Figure 8). Wide fluctuations of populations have occurred over
the years.' A 1973 Alaska Department of Fish and Game fall aerial count
resulted in sighting of approximately 1,800 moose in the upper Susitna
River drainage. The numbers of moose in the southcentral region of
Alaska haV~ been reduced in recent years due mainly to weather conditions,
hunting pressures, wolf predation, unbalanced age-sex ratios, and elimi-'
nation of habitat. . '

Much of the Upper Susitna River Basin ~s at or above timberline,
-resulting in large amounts of lI edge ll at timberline, which produces con
siderable quantities of willow, an important winter forage for moose.
Successional vegetation changes following fire also contribute heavily
to areas favoring moose habitat.
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Limited numbers of moose inhabit the Susitna River bottom between

Devil Canyon and the Oshetna River, because of a restricted amount of
suitable habitat. However, the available habitat provides critical
winter range for moose that do utilize this arecl'.

Grizzly/Brown Bears: Grizzlies, also referred to as brown bears in

Alaska,' are corrmon th,roughout the Susitna River drainage and are fairly

numerous in the lJpper Susitnadespite the absence of salmon. Alpine and

sUbalpine zones are the habitats most frequently used by grizzlies,
although the more timbered areas are seasonally important. Denning
begins in October, and all bears are in dens by mid-November (see
Figure 8). Bears usually reappear during May, depending on weather
conditions. Important spring foods include grasses, sedges, horsetails,

other herbaceous plants, and carrion when available. On'occasion,moose

or caribou calves are taken. Berries--lowbush and highbush cranberries,

blueberries ,and bearberri es--provide major summer food supplements'. A

prime consideration for grizzly bears is to niinimizedirectconnict

with humans, as the grizzly is adversely affected by contact with man.

Hunting for grizzly bears in this area often occurs incidentally to

other hunting during the short fall open season. .

Black Bears: The Upper Susitna River Basin suppri~ts fair black

bear densities. The larger populations are in semi-open forested areas

with readilyaccessible<alpine-subalpine berry crops. River bottoms,
lake shores, and marshy lowlands are favorite spring black bear areas.

Black bea,rs generally eat many of the same types of food as are eaten by

grizzlies. Denning'habits are also somewhat similar to the grizzly
bear's~ . .

Natural fires generally benefit black bears, especially when dense

mature spruce stands are burned. Most other land uses do not seriously

affect bear numbers in this area, and black bears are not as adversely

affected by contact with man as are gri zzl i es.

Dall Sheep: These sheep are present in many areas of the Alaska
Range, Talkeetna Mountains, and in the higher elevations of the Susitna

River basin (Figure 8). The greatest concentrations of Dall sheep in
the Susitna basin occur in the southern portions of the Talkeetnas;
herds become scattered on the northern portion of the range, where parts'

ofthemountains are uninhabited by sheep. Dall sheep are also found in

theWatana Hills. Because of the relatively gentle nature of much of
the Talkeetna Mountains and Watana Hills, predation in this area has
more effect on sheep numbers than in more rugged habitats. Sheep have

always furnished some of the diet of wolves and other carnivores in this

area.
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Hunting pressure for rams is fairly heavy due to relatively good

access from highways, by air, and by ATVs (all-terrain vehicles).
Nevertheless, as is true elsewhere in the State, ram-only hunting seems

to have little effect on overall numbers. Sheep populations are almost

entirely controlled by natural factors such as habitat, weather conditions,

predation, and disease. Conflicts between man1s activities and critical

sheep habitat, such as lambing or wintering a~eas, can adversely impact

Dall sheep populations.

Mountain Goats: Goats occur in low numbers in various areas of the

Talkeetna Mountains and in the WatanaHills area, and do not provide a
significant amount of hunting in the upper Susitna basin. Thegoats

,generallyinhab.it rougher terrain than do Dall sheep, and are thus less

susceptible toman's activities.

Wolves: Wolves occur throughout most of the Upper Susitna River

Basin. Populations are sUbject to rapid fluctuations, and estimates

should be viewed with.extr'eme caution. Wolf numbers have been estimated

from a low of 13;n 1943, after predator control efforts, to a high of

400 to 450 in 1965. Currently an estilllated 300 wolves populate the area

encompassing the upper SU$itna, the Talkeetna Mountains, and the upper

Copper River drainage area~ '. The wolf has been removed from predator

classification and is now: classified as a game animal in Alaska.
.

. Alaska Department of Fish and Game management studies concluded
that,from19~7 to 1967, wolf predation neither adversely affected other

game populati,ons, nor reduced hunting success for sportsmen. However,

absolute (;onclusions were uncertain since moose and caribou populations

may have.reached their highs during this pe.riod. The study proved that

wolves and men can often coexist while comp~ting for game animals, but

that at -times man must accept reduction of available game by wolves.

Wolverines: This area of Alaska has conslstently produced more

wolverines than any other area of comparable size in the State. Wolverines

are seen regularly throughout the area, and it is not unusual for a
hunter returning to a kill site to findc(,wolverine feeding on his moose

or caribou. -Wolverines have withstood human encroachment and trapping

withou~ any noticeable reduction in numbers or range.

Other Mammals: Fur animal species of the upper Susitna in addition

to wolf'and wolverine include beaver, muskrat, otter, mink, Canada lynx,

fox, marten, and weasel-Foundin varying populations throughout much

of- the Upper Susitna River Basin and transmission corridor, e~ch of

these species has its own unique habitat requirements. However, except

for a limited number of beaver, the river canyon area between Devil

.Canyon and the mouth of the Oshetna River is not considered good qual ity

fur animal habitat for most of these species. -
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Other mammals found in this area include coyotes, snowshoe hares,
ground squirrels, tree squirrels, pikas, marmots, and several species of
voles, shrews, and mic;:e. As with other animals, the populations of the
various species vary as adverse or beneficial factors are encountered.
Some populations fluctuate greatly while others remain fairly stable.

Threatened Wildlife of the United States: The only species in the
U.S. Fish and Wildlife Services publication, Threatened Wildlife of
the United States, that might be resident in or migrate through the
Upper Susitna River Basin are the two subspecies of the peregrine falcon:
Falco peregrines anatum (American) and Falco peregrines tundrius (arctic).
Although no peregrines appear to be nesting along the upper Susitna
River at present, there have been occasional sightings within the area
and along known migration routes for this spec.ies as they move through
the Broad Pass area on the upper Chulitna River. -These migrating
peregrines are occasionally reported to include members of the two
endangered subspeci"es.

~

Several species of wildlife that are considered threatened or
depleted in the Lower 48 States have substantial populations within
Alaska. Such species include the American bald eagle, the wolf, and the
grizzly bear.

Vegetation: The major ecosystems of Alaska are divided into
marine and land groupings, with the land group divided into fresh-water,
tundra, 'and coniferous systems. The freshwater system includes glaciers
andice fields, lakes, and riverine ecosystems; the tundra system is
subdivided into moist, wet, and alpine tundras; and the coniferous
system is divided ~nto six plant-related classifications.

The Upper Susitna River Basin includes the following four broad
land ecosystem classifications: moist tundra; alpine tundra; upland
spruce-hardwood forest; and lowland spruce-hardwood forest. The largest
percentage of the basin is classified as moist/or alpine tundra with
most of the area in and adjacent to the main river channel below the
Maclaren River classified as either upland or lowland spruce-hardwood
forest.

At Gold Creek, the bottomland forest of white spruce and black
cottonwoood is very much in evidence on well drained banks. Ascending
the river, balsam popl~r replaces the cottonwoods around Fog and Tsusena
Creeks. Thin hardwoods and white spruce become less and less in evidence
but still occur in small stands on well drained river bars and tributary
fans upstream to Butte Creek. Above this tributary, only scattered
stands of black spruce occur, growing up to the glaciers. The lower
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hillsides have a low brush cover. with moist tundra in the lower,areas.

The periodically flooded river f.lats are in willow, sedges-high brush,

and wet tundra. Since much of the drainage basin is uplands, alpine'

tundra is one of the most prominent vegetation types.

Alpine tundra is composed of low mat plants, both herbaceous and
shrubby.. Moist tundra usually forms a complete ground cover and is very

productive during the growing season.. Plant types vary Trom almost

continuous cottongrass with a sparse growth of sedges and dwarf shrubs

- to stands where dwarf shrubs dominate. Tundra ecosystems are es'pecially

fragile and are very susceptible to long-term damage or destruction from

overuse. Regeneration is extremely slow, with some lichens requiring
more than 60' years' to recover. '

Most of the timber ecosystems in the upper Susitna basin are located

adjacent to the river and tributaries on the canyon slopes and on the

'surrounding benchlands. The major timber species include birch, balsam

poplar, black cottonwood, white spruce, and bl~ck spruce. Overall, the

timber quality in this area is not good, with a wide variety of sizes,

mostly smaller and noncommercial. Much of the birch and spruce is more

suitable for pulp than for sawtimber; however, a fair yield of sawlogs

could be obtained from stands of black cottonwood and balsam poplar.

Cultural Characteristics:

Population: The Southcentral Railbeltareaof Alaska contains the

Statels two largest population centers, Anchorage and Fairbanks, ,and
almost three-fourths of the State's total population. The Anchorage

area alone has over half the reside,nts in the State. Recently revised

estimates for 1975 indicate over 386,000 people will be in Alaska by the'

end of the year, compared to slightly over 302,000.counted in the 1970

census, an increase of about 28 percent in that period. 'Other estimates

by the Alaska Department of Labor indicate an expected State population

of almost 450,000 for the year 1980, an additional 16 percent increase

over 1975, and a population increase of nearly 50 percent in 10 years.

The largest growth in the State has been in the Southcentral Railbelt

area, and this trend is expected to continue. With the possible relo

cation of Alaska1s capital from Juneau to the Railbelt area, an addi
tional population impact will be exerted onthi$ area of the State.

At the present time, only a few small, settlements are located along

the Parks Highway between Anchorage and Fairbanks and the Alaska Rail
road in the Susitna River valley. E~cept for the small settlement at

Denali, there are few, if 'any, permanent full-time residents in the
UpperSusitna River Basin above Devil Canyon. '
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Economics: The southcentra1 region of Alaska includes the Kodiak
Shelikofarea, the Cook Inlet area, and the Copper River-Gulf of Alaska
area. the Southcentra1 Railbelt area is thatportiohbf the southcentra1
and Yukon subregions that is served by the Alaska Railroad. Both Anchorage
and Fairbanks are regional economic centers for the Southcentra1 Rai1be1t
area. Government, trade, and services comprise the major portion of the
area's total employment. Construction and transportation are also
important. Making relatively less significant contributions are the
financing, mining, and manufacturing industries, while agriculture,
forestry, and fisheries contribute less· than one percent of the employment
do 11 ar to the economy of the Rail be1t area. In 1972 thewages and
salaries for the sQuthcentra1 regjon of Alaska amounted to more than
$704,000,000. .

In the government groups, employment is divided more or less equally
between Federal, State, and local sectors. The area's major Federal
employer is the Department of Defense, with most of its employees con
centra ted in four mi 1itary ins ta11 at ions. Sta te and 1oca1 government
employment includes employees from agencies of the State of Alaska and
the cities and boroughs within the area.

After government, the two groups having the largest employment are
trade and services. Their importance as sources of employment for the
Rai1be1t area residents is a further manifestation of the region's two
relatively concentrated population centers and of the high degree of
economic diversity, as well as levels of demand for goods and services,
which are substantially higher than in most other parts of Alaska. The
importance of construction is largely due to the high level of expansion
experienced by the Anchorage and Fairbanks areas since 1968. This
growth can partly be attributed to the Trans-Alaska pipeline project~

which is encouraging much new construction in both public and private
sectors.

High levels of employment in the region's transportation industry
reflect the positions of Anchorage and Fairbanks as major transportation
centers, not only for the Southcentra1 Rai1be1t area but for the rest of
the State as well. The Port of Anchorage handles most of the waterborne
freight moving lntosouthcent~a1and northern Alaska. International
airports at Anchorage and Fairbanks serve as hubs for commercial air.
traffic throughout Alaska and are important stopovers for 37 major
international air carriers. Anchorage also serves as the transfer point
for goods brought into the area by air and water, which are then distri
buted by air transport, truck or by Alaska Railroad to more remote
areas.
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Although exerting relatively little directimpact.ontotalemploy

ment, mining, finance, insurance, and real estate play important· rol es

in terms of the secondary emploYment they generate in the regiori~ t Most"

people employed in mining engage in activities relating to petroleum'

extraction from fields in Cook Inlet and the Kenai Peninsula. A sub-'

stantial portion of the royalties and taxes collected by the State as a

result of oil production in the area is returned to the area in the form

of jobs in, State' government and, through revenue sharing with various '

local governments. The total value'of oil and gas production in the

southcentral region for 1972 was aJmost $240 million. Similarly, the

Anchorage financial sector, in spite of its small employment, exerts

considerable economic leverage as the banking center for Alaska.

Most agricultural activities in the Southcentral Railbelt area take

place in the Matanuska, Susitna, and Tanana Valleys. The potential for

agriculture in these areas of Alaska is considered favorable, although'

development of the industry has not been extensive.

Commercial fisheries activity is the oldest cash-based industry of

major importance within the region. The industry has changed SUbstantially

during the past 20 years and continues to be modified as a result of

both biologic and economic stimuli. The salmon industry has always been

a major component of the industry in terms of volume and value. Since

1955, the king crab, shrimp, and Tanner crab fisheries have undergone.

major development. The total wholesale value of commercial fish and

shellfish for the southcentral region of Alaska in 1972 was just over

$100 million including a catch of almost 110 million pounds of salmon,

with a wholesale value of nearly $38 million.

The region's timber output is less than 10 percent of the total

timber harvested commercially in Alaska. The timber industry is shifting

from supplying the local market to production aimed at the export market.

Stumpage value of timber cut from State and National forest lands in the

whole southcentral region during 1972,was about $130,000.

The tourist industry plays an increasingly important role in the

economy of the region. Precise data on tourism~re not available, but

the numbers of Alaskan visitors have increased from about 130,000 in

1971 to approximately 216,000 in 1973. A forecast by the Division of

Tourism in 1973 estimated 288,000 people would visit Alaska in 1975 and

about 554,000 in 1980.
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With population trend projections showing a substantial increase in
the number of future residents in the State and especially in ~he South
central Railbelt area, there will be a related increase in the demand
for jobs, goods, energy, and services .,A1as kahasa wealth of reserves
in renewable and nonrenewable resources that will have to be addressed
in the very near future.

The world consumption of nonrenewable resources for energy produc-.
tion, such as oil and gas, has reached or will soon reach a critical
point in time where alternative means to produce energy must be developed.
The need for the development and utilization of those renewable resources
must be weighed against the adverse effects that these developments
would have on an ever-decreasing regime of natural environment.

Transportation:

Rail: The Alaska Railroad runs from Seward on the Gulf of Alaska,
past Anchorage, up the Susitna Valley, past Mount McKinley National
Park, and to Fairbanks, a distance of 483 miles. The Federally constructed
and operated Alaska Railroad was built between 1914 and 1923.

Roads: Paved roads in the Railbelt area include: the 227-mile
Sterling-Seward Highway between Homer and Anchorage, with a 27-mile side
spur to Seward; the newly-constructed 358-mile Parks Highway between
Anchorage and Fairbanks; a 205-mile section of the Alaska Highway that
connects Tok Junction with Fairbanks; the 328-mile Glenn Highway connecting
Anchorage with TokJunction; and the 266-mile Richardson Highway from
Valdez, on Prince William Sound, to a junction with the Alaska Highway
at Delta Junction, 97 miles southeast of Fairbanks.

The only road access through the upper Susitna basin is the 135
mile gravel Denali Highway between Paxson on the Richardson Highway and
Cantwell on the Parks Highway, and the 20~mile gravel road from the
Glenn Highway to Lake.louise. The Denali Highway is not open for use
during the winter months.

Air: In addition to major airlines w.ithin Alaska, there are
numerous small commercial operators plus the highest per capita ratio of
private aircraft in the nation. Many small remote landing strips are
scattered throughout the Susitna basin, and float planes utilize many
lakes and streams to ferry freight and passengers to the remote back
country areas. In many areas of.the State, the only access is provided
by the airplane.

Other Forms of Transportation: ATVs and other types of off-road
vehicles provide transportation into areas in the upper Susitna basin
where there are no developed roads. Several developed trails are
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shown on maps of the upper basin. Trails are utilized byATVs, trail
bikes, t:1ikers, horseback riders; and winter travelers. .

Shallow-draft riverboats, small boats, canoes, rUbber rafts,and
kayaks utilize sections of the upperS~sitna River, a.few tributary
streams, and some of the lakes for recreation purposes. Except for
these few areas, boating use is practicallY nonexistent within much of·
the upper basin.

Recreation:

Access: The greatest constraint dn recreational activities for
most of the 5,800-square-mile Upper SusitnaRiver Basin is the shortage
of road access. Except for a 20-mile gravel road from the Glenn Highway
to the southern shores of Lake Louise on the upper drainage of the Tyone
River, the main access to the area is by way of the gravel Denali Highway
through the upper part of the ba~in.

Float planes are used to fly in hunters, fishermen, and other
recreationists to various areas within the basin, b~t, except for a few
larger isolated lakes, this form of access is relatively minor. All
terrain vehicles and snowmobiles also provide off-road access tO,areas
within the upper Susitna basin. Boats are used to some extent to provide
access on the Tyone River drainage and to areas 6fthe Susitna River
between the DenaliHighwayard Devil Canyon.

Much of the Upper Susitna River Basin.has very little recreational
activity at the present time. Great distances, rough or wet terrain,
and lack of roads limit use of most of this' areat6 a few hardy s6uls
who enter these wild lands for recreational purposes.

Hunting: A major recreational use of the upper 'Susitna area is
big-game hunting ,and assoclated'recreational activities.. Thegreatest
hunting pressures are exerted from a few fly-in camps, and from areas
along the Denali Highway. Most wolves and bears harvested are taken
while hunting caribou or moose. The increased use of ATVs to provide
access and to haul big game isa significant factor in improved hunting
success, even in the face of declining game populations. The mechanized
ATV can penetrate deeply into previously inacces.sible country, leaving
few areas that provide havens for the reducedriumbers of caribou and
moose. It appears that the use of ATVs fOr hunting, already prohibited
in some areas~ may have tobefurthercontrolled. .'

The hunting of Dall sheep, mountain goats, and waterfowl is minimal
in the upper bas i n .even in areas of road access such as the Dena1i
Highway.
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Fishing: Access is again the major factor in determining areas
that are utilized in fishing for grayling, rainbow trout, whitefish, and
lake trout. TheSusitnaandMaClciren Rivers are silt laden throughout ..
their entire courses during the warmer monlhsof the year. Therefore,
sport fishing is limited to lakes;:tnearwater tributaries, and to areas
in the main Susitna near the moat~s of these tributaries.

Sport fishing pressure in the upper Susitnabasin is light. Many
lakes and some areas of the river afford landing sites for float-equipped
aircraft. A few areas along the main Susitna and some tributaries, such
as the Tyone River and Lake LouiSe, have some pressure from boat fisher
men. An increasing number of hunters use ATVs to get into and out of
the back country, exerting incidental fishing pressure in some areas.

As previously stated, salmon do not migrate into the upper Susitna
River above Devil Canyon so are not a factor in the sport fishery of
this area.

Boating: A minor amount of recreational boating occurs in the
waters of the upper Susitna basin. Some lakes such as Lake Louise have
a heavier amount of boating activity, and some rivers such as the Tyone
and the Susitna have a lighter amount of boating activity. Some kayakers
utilize portions of the main Susitna River, but very few have braved the
violent waters of the Susitna through the area known as Devil Canyon.

Camping: Most camping use in this area is incidental to other
recreational activities such as hunting, fishing, boating, and highway
travel. Some developed campground facilities are located at Lake
Louise and at three campgrounds along the Denali Highway outside the
upper Susitna basin. Tourism during the summer months involving the use
of campers, trailers, and similar recreational vehicles is increasing at
a dramatic rate in Alaska. Many of these vehicles camp along the roads
where adequate facilities donritexi~t and where these activities are
creating ever-increasing adverse impacts upon the land.

Other Outdoor Recreational Activities: Most other recreational
activities in the Upper Susitna River Basin exert varying environmental
impacts on the area. Many activities such as hiking, backpacking~ and
photography take place incidentally to other recreational pursuits such
as hunting, fishing, boating, camping; and driving for pleasure. Trail
bikes, snowmobiles, four-wheel-drive vehicles, and other mechanical
equipment can cause extreme adverse environmental damage to the fragile
ecosystems of the basin when used ina careless, uncontrolled manner.

At the present time, recreation is one of the major uses of the
upper Susitna River drainage area, but the overall utilization of this
area by humans remains comparatively light.
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Historic Resources: A historical-archaeological study recently
completed for the Corps of Engineers by the Alaska Division of Parks
(Heritage Resources Along the Upper Susitna·River, August 1975) indicates
11 hi storics ites wi thi n the study portion of the upper Sus itna basi n.

. These are all essenttally relatedt,Ot.he discovery of gold. Most of the
early mining activi.tyoccurred onVa:i (fer-Creek, where the town of Denali
was established. Nine of the sites are located in that general area.
Two sites, both designated as cabins, are located on Kostna Creek, one
near its mouth, and one about six miles upstream. The apparent dearth
of historical locations between Devil Canyon and the Maclaren River is
explained by the following excerpt from the Alaska Division of Parks'
report (in discussing the first mapping of the area in 1912): "Except
for a few prospects on the Oshetna River, the USGS. never received any
reports of gold being found on the Susitna between Devil Canyon and the
Maclaren in significant quantities. Though the Tanainaand Ahtna Indians
did a great deal of hunting and fishing ohthe river in this area, the
white man found little gold, an almost unnavigable river, and no reason
to settle anywhere near the 'Devil's Canyon'."

In 1920 the Alaska Railroad was completed, giving general access to
Mount McKinley National Park. Highways followed in the 1940's and
1950's, and the primary use of the area became recreational. The road
approach to Mount McKinley Park was by way of the gravel Denali Highway
until the recent completion of the Parks Highway between Anchorage and
Fairbanks.

Archaeological Resources: Only one archaeological site has been
examined within the study area portion of the upper Susitna basin, and
it has never been excavated. This is the Ratekin Site, located near the
Denali Highway several miles east of the Susitna River. Three other
late prehistoric archaeological sites have been reported, one on upper

·Valdez Creek, and two on the Tyone River. Very little information is
presently available on the abor"iginal uses of the Upper Susitna River
Basin. Based upon the knowledge of the prehistory of contiguous areas,
the Alaska Division of Parks' report concludes that the Upper Susitna
River Basin was likely inhabited as early as 10,000 years ago, during
Late Pleistocene/Early Holocene times, with use continuing in intensity
during Late Prehistoric/Early Historic times.

Extensive archaeological remains have been found in the Tangle
Lakes area outside the Upper Susitna River Basin near the Maclaren River
drainage, and the area has been entered on the National Register of
Historic Places. The remains are apparently associated with a large
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proglacial lake (a lake formed at the outer limit of a glacier) thatexisted during and after the last period of glaciation, dating back some10,000 to 12,000 years. It is reasonable to expect further remains tobe found around the lakebed margins when more detailed investigationsare made.

Energy Needs:

Power requirements for the Railbelt are increasing rapidly, andsubstantial amounts of new generating capacity and additional transmissionsystem development will be needed in the near future. The Railbelt nowderives most of its power from oil and natural gas. Past planning hascontemplated that natural gas and, eventually, fuels from the AlyeskaPipeline would continue as long-range energy sources for Railbelt powersystems. However, recent changes in the national and internationalenergy situation indicate that other alternatives such as the abundantcoal and hydro resources of the Railbelt should be reconsidered.
The energy demand curve used in the hydropower study is based on1975 projections provided by the Alaska Power Administration. The curverepresents the 'Combined demand of the areas that could be served directlyfrom an interconnected Railbelt system, and is premised upon assumedgrowth rates after 1980 that are substantially below existing trends.These growth rates assume substantial savings through increased efficiencyin use of energy and through conservation programs.

The load projection used in the hydropower study is depicted inFigure 9 along with the other estimates provided in APA's 1975 analysis.The IIhigher ll range anticipates significant new energy and mineraldevelopments from among those that appear most promising, along with anannual growth rate in residential, commercial, and light industrial usesthat remains throughout the study period somewhat above recent electricalenergy consumption growth rates in the U.S. The II 1ower ll range presumesminimal industrial development, a load growth rate for the remainder ofthis decade well below current actual rates of increase, and energygrowth over the next twenty years that barely matches the latest population growth rate projections for that period. This lower estimategenerally assumes a.s ignifi cant slackening of the pace of developmentalmost immediately and continuing throughout the period of study. TheII mid-range ll appears to be a reasonably conservative estimate, withannual rates of increase in power requirements less than 7 percent after1980 as compared to an historical annual growth rate of 14 percentduring the period 1960 to 1971. This adopted IImid-range ll projectionassumes steady but moderate growth after the present boom period coupledwith more efficient energy use.
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Because of lead time needed for coal and hydroelectric development,
immediate needs for the next decade will have to be handled by additional
oil and gas-fired units. However, the opportunity exists for hydro and
coal to become the main energy sources for Railbelt power by about 1985,
if priority is attached to these resources.

Studies by the advisory committees for the current Alaska Power
Survey provide estimates of costs for alternative power supplies from
co~l, natural gas, and oil-fired plants. Indications are that power
from Susitna hydroelectric development would be.comparable in cost to

. present gas-fired generation in the Cook Inlet area and would be less
expensive than alternatives available to other Southcentral Railbelt
power markets.

There are many questions concerning future availability and costs
of natural gas and oil for power production. Oil prices have increased
dramatically in the past few years, and there are many prp",:ures to
raise natural gas prices. There are also arguments that natural gas
reserve.s are needed for petrochemical industries and for other non-power
uses. Many people in Government and industry question the use of
natural gas and oil for long-range power system fuels.

On 31 December 1974 the Congress enacted Public Law 93-577. This
act established a national program for research and development in non
nuclear energy sources. One of the sections of the law stipulated that
heavy emphasis should be given to those technologies which utilize
renewable or essentially inexhaustible energy sources.
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UPPER SUSITNA RIVER BASIN DAM ALTERNATIVES

General: '

Eight technically 'feasible plans for hydroelectr,ic development of

the Upper Susitna River Basin were studied as follows:

Devil Canyon:

The possibility of a single dam development in the Upper Susitna

Basin located at the Devil Canyon damsit~ (river mile 134) wasinves

tigated. The proposed th.in-arch dam would hpve a structural height of

635 feet and a water surface area o{ 7,550 acres, at, a normal maximum

pool elevation of 1,450 feet. ' The reservoir would extend approximately

28 river miles upstream and would be confined within the narrow Susitna

River Canyon. The project would produce 0.9' billion kilowatt-hours of

firm annual energy from an installed capacity of 22,0 megawatts. Because

of the very limited storage capacity, the project has a low firm energy

capabi 1i ty arid a high secondary energy capacity.,

Watana:

This single dam development of the Upper Susitna Basin located at

the Watana site (r.iver mile 165) would be an earthfill dam with structural

height of about 810 feet. The reservoir would have a normal maximum

pool elevation of 2,200 feet, would have a surface ,area of approximately

43,000 acres, and would extend about 54 river miles upstream to a point

between the Oshetna and Tyone Rivers. The annual firm electrical
production of Watana would be'3.1 billion kilowatt-hours from an in

stalled capacity of 792 megawatts. The project would develop less than

half of the basin potential.

Devil Canyon-Denali:

This alternative two-dam system would include the thin-arch concrete

dam at Devil Canyon and a 260-foot-high earthfill dam in the vicinity of

Denali (river mile 247). The Denali Dam would provide storage only and

would have no powerhouse. This system would generate 2.,5 billion
kilowatt-hours of firm annual energy from an installed capacity of 575

megawatts at Devil Canyon Dam. The surface acres flooded would total

about 62,000 acres (Devil Canyon, 7,550; Denali 54,000). The plan would

entail significant environmental impacts on waterfowl nesting areas,

moose range, and archaeological/historical values in the Denali reservoir

area.
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Devil Canyon-Watana:

This. two-dam system would include the previously mentioned 635-footthin-arch dam at Devil Canyon and the 810-foot earthfill dam at Watana.This proposed plan would inundate about 82 miles of the upperSusitnaRiver and approximately 50,550 surface acres. A total of 6.1 billionkilowatt hours of firm annual energy would be produced by the combinedDevi 1 Canyon~Watana system.

The construction period for this two-dam proposal is estimated tobe 10 years. This plan is economically feasible and has less adverseenvironmental impact than any of the other multi-dam proposals.
The adverse environmental effects of this proposal would includethe permanent loss of all vegetation within the reservoir pools.
Water released from the reservoirs may be slightly turbid throughout the year, whereas under existing conditions the stream normally. runsclear from late fall until early spring breakup. Studies to dateindicate that the sediment in suspension would not be high, rangingprobably from 15-35 ppm. On the other ·hand, heavy sediment loads nowcarried by the stream during the warmer months of spring through earlyfall would be significantly reduced.

Downstream water quality problems related to temperature, dissolvedoxygen, and sup·ersaturated nitrogen could occur. These would be held tominimal, and possibly insignificant levels by spillway design and theincorporation of mu.ltiple-level water withdrawal structures.
Approximately 9 miles of the existing ll-mile whitewater reachthrough Devil Canyon would be lost through inundation.

The lower 2.5 miles of T~usena Creek. which would be utilized as aspillway for excess river flows (this would occur rarely, if ever,during periods of excessive late summer flood conditions), will sufferadverse impacts to fish and on-shore vegetation during such periods.
Some moose habitat on the canyon floor and adjacent slopes would beinundated by the reservoirs. Most of the present use is upstream fromTsusena Creek; thus the greatest impact to moose would result from the·Watana reservoir. The amount of good habitat is limited, but its losswould be permanent.

The reservoirs would lie between the spring calving grounds andportions of the summer range of the wide-ranging Nelchina caribou herd.Increased mortality to caribou attempting to cross the reservoirs betweenthese two areas could result from ice-shelving conditions which mightoccur, particularly on Watana reservoir, and other difficulties which
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might be encountered in swimming both reservoirs. The reservoirs could

conceivably alter historical herd movement and distribution, although

the animals do not exhibit any readily definable patterns, other than in

the broadest of terms, at the present time.

Although other major wildlife species, such as bears, wolves,

wolverines, and Dall sheep are not expected to be directly affected by

the project to a significant extent, there will inevitably be some

secondary impacts resulting from disruption of existing predator-prey

relationships. Overall, terrestrial wildlife habitat will be reduced.

Small animals resident to inundated areas will be lost.

Resident fish populations above Devil Canyon Dam (there are no

anadromous fish under existing conditions above this point) could be

adversely affected to some extent by the change from a riverine to lake

environment within the reservoir pools. The resident sport fishery is

not believed to be significant within the main river channel. Primary

impacts would occur near the mouths of a few clearwater tributaries

which provide some known grayling habitat. The intricate changes expected

to occur downstream from Devil Canyon will result in both beneficial and

adverse impacts to resident and anadromous fishes. Adverse impacts

could result from possible reduction in nutrients and primary productivity,

cutting, and erosion of existing streambed configuration,' increased

turbidity during the winter months, and changes in the hydraulic and

biological regime of salmon rearing and spawning sloughs. (As pointed

out in the section titled Environment Impacts of The Devil>Canyon-Watana

Hydropower Plan, many of the anticipated changes dQwnstream from Devil

Canyon Dam could prove beneficial to both the anadromous and resident

fishery. Determinations as to the offsetting effects of these changes

are the subject of on-going studies.)

Roads required for project construction, operation, and maintenance

would impair visual quality and permit general public access to a largely

pristine area. This would increase pressure on existing game populations

through hunting, trapping, and general disturbance and harassment. This

in turn would require intensified game management and law enforcement

practices and preventive measures for the control of wildfire. Another

harmful effect would be the impact of some of the roads themselves ~here

delicate ecosystems are traversed. Some of the inevitable consequences

of road construction are destruction of veg~tatipn and wildlife habitat,

reduced insulation of frozen soils, and settling from permafrost ~e9

radation, resulting in both erosion and alteration of the groundwater

regime.

Degradation of visual quality in general would bea major adverse

effect of project construction. This would be attributable primarily to

roads, dam construction, right-of-way clearing for the transmission

line, and the obtrusiveness of the transmission line itself. Although

care would be taken to minimize these impacts to the greatest possible

extent, the overall natural setting and scenic quality of the damsites

and transmission line corridor would be permanently impaired.
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Devi 1 Canyon High Dam:

In September 1974, Henry J. Kaiser Company prepared a report proposing
an alternative hydroelectric development project on the upper Susitna
River. The report states that preliminary investigations indicated that
an 810~foot-high, concrete-faced rockfill dam located about 5 miles
upstream from the other Devil Canyon site would provide 3.7 billion
kilowatts of average annual energy, or 2.6 billion kilowatt-hours of
firm annual energy (figures converted to standard Corps of Engineers
evaluation parameters). This dam would inundate about 58 miles of the
Susitna River with a reservoir of approximately 24,000 surface acres at
a full pool elevation of 1,750 feet.

This project would be located in much the same area of the Susitna
River canyon as the proposed Devil Canyon-Watana project and would have
similar environmental impacts with some exceptions. Whereas the Devil
Canyon reservoir in the two-dam proposal would remain nearly full all
year, the Kaiser reservoir would fluctuate SUbstantially.

Kaiser's proposed Devil Canyon High Dam, located about 25 miles
downstream from the Watana site, would have proportionately fewer miles
of permanent roads and transmission lines than the Devil Canyon-Watana
two-dam project, therefore less environmental impact on resources
affected by these facilities.

The recreational opportunities would be fewer for the one~dam
proposal. The substantial fluctuation of the reservoir would reduce
some recreation potential and reduce resident fish populations while
increasing the adverse visual impact associated with reservoir drawdown.
The plan was found to lack economic feasibility.

Three-Dam System:

A three-dam Devil Canyon-Watana-Denali hydroelectric development on
the upper Susitna River could be build as an extension of the two-dam
Devil Canyon-Watana project if the Denali storage site proved feasible.
Such a dam system would provide a total of 6.8 billion kilowatt-hours of
firm annual energy.

If a three-dam Devil Canyon-Watana.,.Denali project were constructed,
it would include Devil Canyon and Watana dams previously described, and
a 260-foot storage dam at Denali. This three-dam system would inundate
approximately 104,550 acres and would take 13 to 17 years to construct.
With a three-dam system, the 100-year storage capacity in Watana reser
voir would be reduced by less than 3 percent due to sedimentation.
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Environmentally, this plan would result in the adverse impacts

associated with the Devil Canyon-Watana two-dam system, plus the added

impact of inundating significant additional moose range and waterfowl

nesting areas. There are also some archaeological and historical values

within a proposed Denali impoundment.
.

.

This alternative has significantly greater total adverse environ

mental impacts than the Devil Canyon-Watana development.

Four-Dam System:

In May 1974, the Alaska Power Administration updated a March 1961

report of the Bureau of Reclamation which proposed development of the

hydroelectric resources of the Upper Susitna River Basin. The report

proposed an initial plan to build the Devil Canyon Dam andpowerplant

and an upstream storage dam and reservoir at Denali. Subsequent devel

opment of a four-dam system would include dams at both the Watanaand

Vee sites. The four-dam system would generate a total of 6.2 billion

kilowatts of firm annual, electrical energy. The Watana Dam under this

plan would be about 300 feet lower than in the Devil Canyon-Watana two

dam proposal, and the Vee dam would be about 55 feet lower than in the

original Bureau of Reclamation 4-dam plan.

Initial development of the four-dam system, Devil Canyon-Watana

Vee-Denali, would include only the construction of the hydroelectric dam

at Devil Canyon and the storage dam at Denali. This combination of two

dams would produce,2.5 billion kilowatt-hours of firm annual energy.

This initial two-dam stystem would also be compatible with the three-dam

. Devil Canyon-Watana-Denali, alternative proposal.

The four reservoirs considered in this development would inundate

approximately 85,000 acres of land and river in the upper Susitna basin,

compared with about 50,550 acres flooded in the two-dam proposal.

In a four-dam plan, the two reservoirs proposed in the lower section

of the upper Susitna River would have substantially fewer known adverse

environmental impacts than the two upper area reservoirs at the Vee and

Dena1i. Generally the further upstream a reservoi r is located in the

four-dam system, the greater the overall adverse environmental impact·

would be on fish, wildlife, and esthetic resources.
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Watana reservoir, in this plan, would be lower. It would cover a
surface area· of about 14,boo acres behind a 515-foot-highdamwith a
pool elevation of 1,905 feet. The reservoir would extend over 40 miles
upstream from the damsite and would be contained in the narrow canyon
for most of its length.

Under either Watana alternative, the reservoir would flood areas
used by migrating caribou and would flood some moose winter range in the
river bottom. It would also cover existing resident fish habitat at the
mouths of some of the tributaries inthls section of the river and
possibly would create additionalstre~mhabitat at higher elevations.

The 455-foot-high Vee Dam would be built only under the four-dam
plan in conjunction with the lower height Watana Dam. Vee reservoir
would inundate about 32 miles of glacial river and would have a pool
elevation of 2,300 feet with a surface area of approximately 9,400
acres. The reservoir would flood a substantial amount of moose habitat
on the main Susitna and on the lower reaches of the Oshetna and Tyone
Rivers. Caribou migration routes along the south bank of the Susitna
River would also be affected as would some waterfowl habitat of minor
significance. Present resident fish habitat, especially grayling, would
be flooded at the mouths of many of the clearwater tributaries in the
area covered by the Vee reservoir. .

Any road to the Vee damsite would open up large areas of wild lands
that are prime wildlife habitat and escapement areas (inaccessible to
man) for caribou, bear, and moose, and would have a significant impact
on these and other fish and wildlife resources within these areas.

Denali Dam, with a structural height of 260 feet, would form a
54,OOO-acre storage reservoir with a pool elevation of 2,535 feet. Large
areas of wildlife habitat, especially for moose and waterfowl, would be
inundated in an area between 2 to 6 miles wide and approximately 34
miles long. Many clearwater streams entering the Susitna River in this
area have varying populations of arctic grayling; how the fluctuating
reservoir would affect this fishery is generally unknown at this time.
Substantial areas of lands would be exposed during the seasonal drawdowns
of this storage reservoir. From an esthetic standpoint, this would be a
substantial adverse environmental impact, especially when viewed from
the well-traveled Denali Highway during the earlier summer months when
the reservoir would be low.
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The relocation of 19 miles of the Denali Highway necessary with the

construction ofa dam at the Denali site would provide additional access

to this area with increasing pressures on the fish and wildlife resources

in Coal Creek, Clearwater Creek, lower Maclaren River, Butte Creek, and

the eastern slopes of the Watana Hills. There would be substantially

less developed recreational potential at the Vee and Denali sites than

at Devil Canyon because of travel distances involved and reservoir draw

down, especially at the Denali damsite.

It is expected that construction of the Vee project would take 5 to

6 years, while the Denali dam and reservoir would take between 3 and 5

years to construct. The construction period of the four-dam system

would bepbetween 18 and 23 years, if the dams were constructed in

sequence. The magnitude of environmental impacts resulting from a four

dam system in the Upper Susitna River Basin clearly makes this a less

desirable alternative than the one-, two-, or three-dam plans.

Kaiser Four-Dam System:

An additional study ofa four-dam system was made by the Corps of

Engineers utilizing the Kaiser Devil Canyon High Dam as the main component

in an upper Susitna basin system. This alternative included both the Vee

and Denali Dams and a low reregulating dam just below the confluence of

Portage Creek with the Susitna. This four-dam system could provide an

estimated 5.6 billion kilowatt-hours of firm annual energy.

The environmental impacts of this four-dam system are ft combination

of the impacts of the Kaiser Devil Canyon High Dam, the Vee and Denali

damsites, and a low reregulating dam downstream from Devil Canyon just

below Portage Creek. The system would inundate about 88,250 acres. One

of the major additional impacts would include anadromous and resident

fishery impacts caused by the 200-foot high Olson reregulating dam just

below Portage Creek. .

Summary:

The Devil Canyon-Watana two-dam system, with a total of 6.1 billion

kilowatt hours of firm annual energy, develops almost 90% of the 6.8

billion kilowatt hours projected from the Devil Canyon~Watana-Denali

alternative, which would produce the highest amount of electrical energy

of any of the proposed Upper Susitna Basin alternatives.

The Devil Canyon-Watana alternative would inundate about 50,550

acres compared to about 104,550 acres with the three-dam plan, and

substantially less area than any of the other multi-dam alternatives as

shown on Table I.
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In addition to the smaller number of surface acres inundated in the

Devil Canyon-Watana two-dam system, there would be substantially less

overall adverse environmental impact with the two-dam proposal as compared

to any of the other multi-dam proposals. The Vee and Denali proposals

would inundate a significant amount of moose, caribou and waterfowl

habitat whereas the Devil Canyon and Watana proposals would affect a

minimal number of big game animals and waterfowl nesting areas. The two

upstream dam proposals would also have a greater adverse effect on fish,

wildlife, and esthetic resources.

Under the 4-dam Kaiser proposal a reregulating dam at the Olson

site would be a project requirement--this reregulating dam would be

constructed just downstream from the Portage Creek confluence with the

Susitna and could be a significant impact on the migration ofs~lmon to

Portage Creek.

The Devil Canyon-Watana hydroelectric development proposal has the

highest benefit-to-cost ratio of any of the Upper Susitna River Basin

alternative plans and also has significantly less adverse environmental

impact than any of the alternative multi-dam proposals.
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DEVIL CANYON-WATANA HYDROPOWER PLAN

DESCRIPTION OF THE DEVIL CANYON-WATANA PLAN

The recommended plan consists of construction of dams and powerplants
on the upper Susitna River at Watana and Devil Canyon, and construction
of electric transmission facilities to the Railbelt load' centers, with
access roads, permanent operating facilities, and other project related
features.

A subsidiary purpose in the construction of the electric trans
mission line will be the interconnection of the two largest electrical
power distribution grids in the State of Alaska, which will result in .
increased reliability of service and lower cost of power generation.

The proposed plan for the Watana site (figure 4) would include the
construction of an earthfill dam with a structural height of 810 feet at
river mile 165 on the Susitna River. The reservoir at normal full pool
would have an elevation of 2,200 feet and a crest elevation of 2,210
feet, have a surface area of approximately 43,000 acres, and would
extend about 54 river miles upstream from the damsite to about 4 miles
above the confluence of the Oshetna River with the Susitna.

Development of the Devil Canyon site includes the construction of
a concrete, thin-arch dam with a maximum structural height of 635 feet
and with a crest elevation of 1,455 feet. The dam would be located at
river mile 134"on the Susitna River. Devil Canyon reservoir would have
a water surface area of about 7,550 acres at the normal full pool elevation
of 1,450 feet. The reservoir would extend about 28 river miles upstream
to a point near the Watana damsite, and would be confined within the
narrow Susitna River canyon.

The generating facilities for Watana would include three Francis
reaction turbines with a capacity of 264 MW (megawatts) per unit, and a
maximum unit hydraulic capacity of 7,790 cfs (cubic feet per second).
The firm annual production of electrical power at Watana would be 3.1
billion kilowatt-hours.

The generating facilities for Devil Canyon would include four
Francis reaction turbines with a capacity of 194 MW per unit and a
maximum unit hydraulic capacity of 6,250 cfs. The firm annual energy
provided at Devil Canyon would be 3.0 billion kilowatt-hours.

A total of 6.1 billion kilowatt-hours of firm annual energy would
be produced by the combined Devil Canyon-Watana system. Secondary
annual average energy production from this two-dam system includes an
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additional 0.8 billion kilowatt-hours per year. The 6.9 billion kilo
watts of firm and secondary annual energy would be the energy equivalent
of about 15 million barrels of oil per year, or about 112 billion cubic
feet of natural gas per year, or about 1.5 billion barrels of oil over
a 100-year project-life period. .

Most of the generated electrical power would be utilized in the
Fairbanks-Tanana Valley and the Anchorage-Kenai Peninsula areas. The
proposed transmission system would consist of two 198-mile, 230 kv
single circuit lines from Devil Canyon to Fairbanks (called the Nenana
corridor), and two 136-mile, 345 kv single circuit lines from Devil
Canyon to the Anchorage area (called the Susitna corridor). Both lines
would generally parallel the Alaska Railroad. Power would be carried
from Watana to Devil Canyon via two single circuit transmission lines, a
distance of 30 miles. Total length of the transmission lines would be
364 miles~ The general locations of the transmission lines are shown on
Figure 10.

Access to the Devil Canyon and Watana sites would be determined by
siting studies that would include consideration of the environmental
impacts for roads and transmission lines. Preliminary studies recommend
an access ~oad approximately 64 miles in length to connect the W~tana
site with the Parks Highway via Devil Canyon. A factor considered in
location and design of access ~oads would be their subsequent use for
public recreational purposes.

Project-oriented recreational facilities would include visitor
centers at the dams, boat launching ramps, campgrounds, picnic areas,
and trail systems.

The total first costs of the proposed hydroelectric project, based
on January 1975 prices, are estimated at $1.52 billion, including the
transmission system. Overall, Devil Canyon costs are estimated at
$432,000,000, and Watana at $1,088,000,000. Watana Dam would be con
structed first and Watana's costs would include the total cost of the
transmission system.

The benefit-to-cost ratio compared to the coal alternative at 6-1/8
percent interest rate and 100-year project life is 1.4 using Federal
financing.

Various studies, reports and articles provided background data and
information for this assessment (see BIBLIOGRAPHY)~
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General environmental studies are continuing. Inventory and evaluation
studies of fish and wildlife resources affected by theproject are being
conducted by the Alaska Department of Fish and Game, U.S. Fish and
Wildlife Service, and National Marine Fisheries Service. As these
ongoing studies identify specific areas of concern, they will be selected
for more intensive investigation during detailed design studies, should
Congress authorize advancement,to that stage. Examples of problems
expected to be addressed during the detailed design study phase include
identification of significant adverse impacts to important fish and
wildlife species, and specific actions which should be taken to prevent,
ameliorate, or mitigate these impacts.
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ENVIRONMENTAL IMPACTS OF THE DEVIL CANYON-WATANA HYDROPOWER PLAN

HYDROLOGY AND WATER QUALITY

About 86 percent of the total annual flow of the upper Susitna
River occurs from May through September. Average daily flows from the
latter part of May through the latter part of August fluctuate in the
range of 20,000 to 32,000 cubic .feet per ·second (cfs). November through
April the average daily flows range between 1,000 and 2,500 cfs. The
river also carries a heavy load of glacial sediment during the high
runoff periods. During the winter when low temperatures reduce water
flows the streams run practically silt-free.

Some of the impacts that could be caused by the project downstream
from Devil Canyon Dam are discussed below.

Significant reductions of the late spring and early summer flows of
the river and substantial increases of the winter flows would occur.
The flow of the river during the period 1950 through 1974 averaged about
9,280 cfs. The projected average regulated downstream flows for a Devil
Canyon-Watana system computed on a monthly basis would range between
about 7,560 cfs in October to about 15,100 cfs in August. In extreme
years, the monthly averages would range from about 6,000 cfs to nearly
32,000 cfs. The average monthly regulated flows compared to the average
unregulated flows based on the period from 1950 through 1974 are as
follows:

TABLE II

Regulated Unregulated
Month cfs cfs

January 9,905 1,354
February 9,429 1,137
March 9,026 1,031
April 8,278 1,254
May 8,158 12,627
June 8,329 26,763
July 9,604 23,047
August 15,091 21,189
September 10,800 13,015
October 7,560 5,347

. November 8,369 2,331
December 8,968 1,656
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The heavier sediment material now carried by the river during high
runoff periods between Devil Canyon and the junction of the Chulitna and
Talkeetna Rivers with the Susitna River would be substantially reduced,
and a year-round, somewhat milky-textured "glacial flour" (suspended
glacial sediment) would be introduced into the controlled water releases
below the dam. Preliminary studies indicate that the suspended sediment
in releases at Devil Canyon Dam would be at low levels (15-35 ppm).
According to fishery investigations during the winter of 1974-75 by the
Division of Commercial Fisheries of the Alaska Department of Fish and
Game on the Susitna River between Portage Creek and the Chulitna River,
suspended solid samples of river water at Gold Creek, Chas'e and the
Parks Highway bridge indicated a rangE! of from 4 to '228 ppm, and indicated
that these suspended solids are within anadromusfish to1erances~ .
Although the average sediment load in summer months is less than 1000
ppm, loads sometimes reach a maximum of 5000 ppm in the unregulated
river. Reduction of existing summer sedimentation peaks should have a
beneficial effect on anadromous and resident fish populations for some
distance downstream from Devil Canyon Dam.

When spi 11 ing water over Devi 1 Canyon Dam would be necessary during
some periods of extreme high flows, nitrogen supersaturation could be
introduced into the river below the dam. Fish exposed to high levels of
this condition can suffer gas-bubble disease (like bEmds to a deep-sea
diver) which can be fatal.

With appropriate operational procedures, it is estimated that
spilling excess flows at Devil Canyon would occur on the frequency of
once every 2 years with an average duration of 14 days. However, any
nitrogen supersaturation and dissolved oxygen thus introduced should be
reduced substantially in the turbu1en~ river section just downstream
from the dam. The proposed spillway at Watana Dam is not conducive to
high levels of nitrogen or oxygen supersaturation, and spills would
occur seldom, and under extreme flooding conditions in late summer. Few
fish, under existing conditions, are believed to occupy the 2~ mile
section of Susitna River between the proposed Devil Canyon damsite and
the mouth of Portage Creek. This situation could change with a decrease
in regulated flows during the summer months.

Temperature of the water released from Devil Canyon Dam would be
adjusted to approach the natural river water temperatures. This would
be made possible by the proposed incorporation of selective withdraw1
outlets into the dam structure..

Variations in water releases at Devil Canyon Dam would cause less
than a one-foot daily f1uctuatlon of downstream water levels in the
river during the May through October period since the reservoir would
not be used for peaking purposes. The regulated daily fluctuations
during the winter months could range up to one foot under normal operating
conditions. According to U.S. Geological Survey studies, the natural
normal daily fluctuations in the Susitna River below Devil Canyon range
up to about one foot.
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Stratification cond.itions within'the reservoirs could cause some
temperature and dissolved oxygen problems in the river for some distance
downstream from the Dev'il Canyon Dam and within the reservoirs them
selves. These conditions could have an adverse impact on the downstream
fishery. However, this problem can be minimized by multiple-level water
release structures which are proposed for incorporation into both dams.
This would provide the capability of selective withdrawal of water from
any level within the reservoir to moderate release temperatures and
dissolved oxygen content. Spillway designs will also be considered to
reduce supersaturation of downstream water flows with atmospheric gases.

There would be a period of channel stablizationin the 50-mile
section of the Susitna River below 'Devil Canyon Dam in which the river
would tend to adjust to the stabilized flow with low sediment levels,
but general channel degradation caused by ariver's attempt to replace
the missing sediment load with material picked up from the riverbed is
not expected to be a significant concern along the coarse gravel bed
reaches of the Susitna River between Talkeetna and Devil Canyon.
However, this phenomenon would be the subject of future detailed studies
to determine the distance at which sediment loads would become reestablished.

Upstream from the dams the major environmental impacts would be
caused by the reservoir impoundments. Under the proposed two-dam
system, the reservoir behind the Devil Canyon Dam would fluctuate up to
5 feet during the year, while Watana reservoir would fluctuate between
80 and 125 feet during the year under normal operating conditions. The
maximum daily fluctuation at Devil Canyon reservoir under normal operating
conditions would be less than two feet.

Devil Canyon reservoir would cover about 7,550 acres in a narrow
,steep-walled canyon (1/4 to 3/4-mile-wide) with few areas of big game
habitat and a minimal amount of resident fish habitat at the mouths of
a few of the tributaries that enter the Susitna River in the 28-mile
section above the proposed damsite. The reservoir would also flood
approximately 9 miles of the ll-mile, whitewater section of Devil
Canyon. .

Watana reservoir, with a structural height of 810 feet a~d a pool
elevation of 2,200 feet, would flood about 43,000 acres in a 54-mile
section of the Susitna River that woul d reach upstream to about 4 mi 1es
above the Oshetna River confluence. Except in a few areas near the
mouths of tributaries such as Deadman Creek, Watana Creek, Jay Creek,
and Kosina Creek, the Watana reservoir would be contained within a
fairly narrow canyon 1/3-mile to 1 mile in width for much of its length.
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The spillway design at Watana diverts the excess river flows into
the Tsusena Creek drainage approximately 2.5 mil es above the creek I s
confluence with the Susitna River. On the rare occasions when it would
be necessary to divert excess river flows over the spillway, the adverse
environmental impact on fish and vegetation resources in lower Tsusena
Creek could be significant.

Watana reservoir would flood reaches of the Susitna River upstream
from Tsusena Creek that are sometimes used as caribou crossings. It
would also flood some moose winter range in the river bottom. The
reservoir would also cover existing resident fish habitat at the mouths
of some of the tributaries in this section of the river and possibly
would create other fish habitat at higher elevations on these tributaries.

Fish:

One of the environmental impacts caused by the proposed Devil
Canyon-Watana project would be the substantial reduction of natural
river flows during th"e latter part of June and the early part of July
when salmon start migrating up the Susitna River. The projected average
monthly regulated flows during periods in August and September, when the
majority of the salmon are spawning, approach the average natural flows
of the river during this period (see Table I, page 43).

In a 1974 study by the Alaska Department of Fish and Game on
surveys conducted to locate potential salmon rearing and spawning
sloughs on the50'-mi 1e secti on of the Sus i tna River between Portage
Creek and the Chulitna River, 21 sloughs were found during the 23 July
through 11 September study period. Salmon fry were observed in at least
15 of these 21 backwater areas. Adult salmon were present in 9 of the
21 sloughs. In 5 of the sloughs the adult salmon were found in low
numbers (from I to 24 with an average between 6 and 7). In 4 other
sloughs large numbers were present (from 107 to 681 with an average of
just over 350).

During December 1974 and January and February 1975, the Alaska
Department of Fish and Game investigated 16 of the 21 sloughs previously
surveyed during the summer of 1974. Of the 16 sloughs,S indicated
presence of coho salmon fry. The numbers of fry captured in the 5
sloughs at various times ranged from 1 to 21 with an average of 5. Many
of the 16 sloughs surveyed were appreciably dewatered from the summer/fall
state.

The report also stated that a number of coho fry were captured in
the Susitna River near Gold Creek, indicating that some coho salmon fry
do overwinter in the main river.

The winter investigations indicated that the Susitna River between
Devil Canyon and Talkeetna was transporting suspended solid loads ranging

. from 4 ppm to 228 ppm.
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It may be reasonable to assume that one of the most critical
factors in salmon spawning is the dewatering' of areas in which the
salmon have spawned~ If winter flows are insufficient to cover the'
spawning'beds it would be of little consequence if high summer flows
allowed salmon to spawn in some of the sloughs that are dewatered during
the egg incubation or alevin stages. According to a Hydrologic Reconnaissance
of the Susitna River Below Devil's Canyon, October 1974, by the National
Marine Fisheries Service when comparing regulated flows to natural flows
(see Table 1, page 43), lilt is reasonable to conclude that during the
months of October through March spring flows may be enhanced in the
river valley bottom, during the months of May through mid-September
these springflows may be depressed".

It is logical to assume on the basis of existing data that there
will be some changes in the relationship between the r:-egulated river and
access to existing salmon rearing and spawning sloughs and tributaries
downstream from Devil Canyon Dam. It appears feasible to develop a
program to improve fish access to and from some of the sloughs and
tributaries in the Susitna River as a consequence of the project's
stabilizing effect on summer flows. Such a program would be a project
consideration.

Periodic flood conditions that presently destroy salmon eggs in
thi~ stretch of the river would be almost completely eliminated by
regulation of the upper Susitna River flows.

Reduction in flows and turbidity below Devil Canyon Dam might cause
some disorientation of salmon migrating into the section of the Susitna
River between Portage Creek and the Chul itna River during an initial
period after construction of the dams and until future salmon stocks
readjusted to the change in regulated river conditions.

During periods of construction, river flows will be diverted
through tunnels in the canyon walls and past the construction areas at
the damsites with minimal changes in existing water quality.

buring the period in which the newly-constructed reservoirs would
be fill ing with water, downstream flow maintenance would be coordinated
with the fish and wildlife agencies to prevent unnecessary damage to
downstream fishery resources. It is proposed to construct Watana Dam
first starting in about 1981, and Devil Canyon approximately five years
1ater. '

According to a study discussed in the Journal of Fisheries Research
Board of Canada--Volume 32, No.1, January 1975, Ecological Conseguences
of the Proposed Moran Dam on the Fraser River--some of the beneficial
downstream impacts of the dam could include the following:
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The higher regulated winter flows mignt incr-ease the survival of
s~.lmon eggs in the sloughs and backw,ater areas of the river downstream
from the dam. "The increased flows CQU Jda1so insure better coverage and
better percolation through the gravel and presumably increa,se egg and,
alevinsurviyal. (Salmon alevinareyoung fish withattached egg-sacs
thatremajnin the gravel beds until they emerge as fry.)

An additional consequence of reduced turbidity below the dam might
be a graduaJreduction in the percentage of fine materials in the salmon
spawning areas near the mouths of sloughs and tributari,es as they enter
the Susitna River. This could also lead to improved percolation through
the gravel in the streambed and possibly improve survival of eggs.

Reduced siltation during the summer months should prove beneficial
for both anadromous and resident fish species for some distance down
stream from the proposed Devil Canyon Dam. It is also reasonable to
expect that some additional salmon spawning and rearing habitat would
develop within some se,ctions of the Susitna River between Devil Canyon
and Talkeetna.

Other hydrologic factors previously discussed would al,so affect the
fishery resource downstream from the dams. These and other changes
could also influence the food and lif.e cycles for fish in this section
of the river. Biological and physi,cal changes 1i k,ely to occur are the
subjects of ongoing studies by State and Federal agenci~s under the
direction of the U.S. Fish and Wildlife Service. Results of thes~

studies will be used in determining needs for more detailed final design
phase studies" feasible project modification, and mitigative or amel iorative
measures.

Upstream from the dams, the major impact On the resident fish
populations would be caused by the,reservoir impoundments. Under the
proposed plan, Devil Canyon reservoir would fluctuate very little. Even
though the steep-walled canyon of this reservoir might'prove less than
desirable for a program to develop a resident fish population, some'
species of fish might be able to adapt to this reservoir and provide
some future sport fishing benefits.

Watana Dam would have a widely fluctuating reservoir which would
generally prove detrimental to the development of r~sident fish popu
lations. ' Suspended glacial sediment could be a factor in both of the
reservoirs after the heavier glacial sediments have settled out; how
ever, many natural lakes in Alaska such as Tustumena and Tazlina, with
heavy inflows of glacial debris sustain fish populations under similar
conditions, so to develop populations of fish under related conditions
may be feasible.

Most resident fish populations, especially grayling, utilize some
of the clearwater tributaries of the Susitna River or areas near the
mouths of these streams as they enter the glacially turbid main river
channel during periods of high runoff. Many of these tributaries would
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be flooded in their. lower reaches by the proposed reservoir impound-
ments. The resident fish populations would be affected by the increased
water levels in the proposed reservoirs; but in some areas, access to
tributaries for resident fish may be improved by increased water elevations.

It appears highly unlikely that anadromous fish such as salmon
could be successfully introduced into the Upper Susitna River Basin.
With the succession of very high dams and the related problems and costs
of passing migrating fish over and through these dams, such a program
would be infeasible (Report, Ecolo ical Conse uences of the Pro osed
·Moran Dam on the Fraser River. This report states in reference to high
dams: liThe choice is clearly between upstream salmon stocks or dams." .
However, the introduction of a resident salmon species, such as sockeye
(kokanee) or others to some waters of the upper Susitna basin might
prove fea'siblewith further studies.

Other problems related to the introduction of anadromous fish into
the Upper Susitna River Basin would include the following: Fish would
experience high mortality rates if they attempted to move downstream
through turbines or outlet works in the proposed series of high-head
dams. According to Corps of Engineers studies, a 35 percent mortality
rate could be expected on fish such as young salmon at each dam~

Perhaps even more significant than turbine loss is the experience
background that juvenile salmonids will generally not migrate out of
large storage-type reservoirs. Reverse currents, temperature strat
ification, etc., apparently disorient the migrants and cause them to
lose their migrational motivation. As a result many never even reach
the dam and they spend their lives as residuals in the reservoir (Example:
Brownlee Reservoir, Snake River, Idaho and Oregon).

Wildlife:

Reservoir impoundments, transmission line corridors, and access
roads would have varying degrees of environmental impact on wildlife.

The Devil Canyon reservoir would be located within the confines of
a narrow, steep-walled canyon with few areas of big-game habitat and no
major migration routes for big-game animals. In some cases, animals
such as moose and caribou may find it easier to cross the narrow reser
voir than they would the present fast-moving river at the bottom of a
deep, steep-sided canyon.

The proposed Watana Dam would be generally contained within a
fairly deep and narrow river canyon. Watana reservoir would lie across
one of the intermittent seasonal caribou migration routes between the
main calving area of the Nelchina caribou herd, located south of the
river in the northeast foothills of the Talkeetna Mountains, and some
caribou summer range on the north side of the Susitna River. Calving
generally takes place during a month-long period starting in the middle
of May.
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Ice-shelving conditions caused by winter drawdown on Watana reser
Voir or spring ice breakup conditions on the reservoir could cause
problems for caribou, ~oose, or other animals if they attempt to cross
this reservoir when these adverse conditions exist. Warmer weather and
a rapidly filling reservoir should eliminate any adverse ice conditions
at Watana during the month of May. As caribou are strong swimmers, they
should have fewer problems crossing the narrow reservoir in the historic
crossing areas near Kosina and Jay Creeks during July after calving than
they would crossing the 2/3-tol-mile-wide section of the swollen
glacial river during periods of high runoff. Some caribou could also
migrate around the upper reaches of the proposed Watana reservoir area
as indicated in existing spring migration patterns. Caribou migration
patterns for the Nelchi~a herd are continually changing, as stated in
Alaska Department of Fish and Game study reports. Their studies also
indicated that the use of the Watana reservoir site by Nelchina caribou
for grazing and crossing was minimal during the period November 1974
through April 1975.. Under adverse ice conditions, the reservoirs could
result in increased problems for some segments of the herd. Also, there
could be· some permanent changes in historical herd movement patterns.

Within the transmission line corridor system, impacts to caribou
would be limited to the 136-mile segment extending north from Cantwell.
There is no significant caribou use of areas to the south. Although the
'transmission line and related access roads would not impose a physical
barrier to migration of caribou, construction and maintenance work
during certain seasons may inhibit herd movement. Since caribou are
primarily confined to the west Dank of the Nenana River, they wi 11 not
be significantly affected in this area if the line runs along the east
bank. Although physical destruction of caribou habitat will not be a
significant impact of power line construction, there are indirect con
sequences which could be significant. Increase of fires resulting from
manmade causes could destroy tundra lichen which is their prime source
of winter food. It is estimated that approximately 50 years are required
for a burned area to recover a usable cover of lichen for caribou.
Noise generated by the transmission lines could also modify normal
behavior, as could public accessibility provided by transmission line
roads.

A moose survey conducted in early June 1974 by the Alaska Depart
ment of Fish and Game indicated that, although spring counting conditions
were less than ideal, a total of 356 moose were seen along the upper
Susitna River and in the lower drainage areas of the major tributaries.
A 1973 fall count in the same general area sighted a total of 1,796
moose.

Of the 356 moose counted in the June 1974 survey, 13 were seen in
or near the area of the proposed Watana reservoir below Vee Canyon.
None were sighted within the proposed Devil Canyon reservoir impoundment.
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A1 though moose habitat does e)(ist within the pool areas of the proposed
Devil Canyon and Watana reservoirs, the overall loss of preferred or
critical winter forage areas would affect only a small percentage of the
upper Susitna moose population.

During the June 1974 Alaska Department of Fish and Game survey
period, one grizzly was sighted on the upper Oshetna and one on the
Maclaren River. Five black bears were sighted on theSusitna River. A
total of 56 caribou were sighted in the survey area.

The proposed reservoirs at Devil Canyon and Watana are located
along a major flyway for waterfowl. Very few waterfowl appear to nest
on the sections of the river that would be flooded by these reservoir
proposals. On the other hand, the reservoirs would provide suitable
resting areas for waterfowl migrating through the basin.

The ioss of habitat for bears, wolves, wolverines, Dall sheep, and
other animals also appears to be minimal. However,losses to any
significant element of the food web.wi11 affect consumers. Thus,
losses to moose or caribou would impact upon predator species. Other
birds, including raptors, songbirds, shorebirds, and game birds. do not
appear to be significantly affected by the reduction of habitat in the
area of the proposed dams and reservoirs and on the transmission line
corridor, although some habitat will be lost for all species of wildlife
that utilize the affected areas. .

Road access to the two damsites and to the transmission line would
have a significant impact on fish and wildlife resources in areas
opened to vehi c1 e encroachment. Specific areas such as Stephan Lake, Fog
Lakes, lower Deadman Creek, and the northern slopes of the Talkeetna
Mountains cou1dpe significantly impacted by hunters, fishermen, and
other recreationists by an access road to the Watana Dam. The same
would be true along various segnients of the transmission line. State
game management policies could control some of the adverse impacts on
fish and wildlife in these areas. However, this increase in public
accessibility would significantly increase the necessity for intensified
law enforcement and fire prevention measures.

Recreation:

Much of the Upper Susitna River Basin has little or, in many areas,
no recreational activity at the present time. A combination of poor
road access, rough terrain,and great distances presently limit the use
of the 5,800-square~mi1e basin, especially the lands directly impacted
by the proposed project, to a few hunters, fishermen, and other hardy
souls who utilize these wild lands for recreational purposes.
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The construction of th~ propos~d hydroelectric project would have
an impact on a number of present and projected recreatio,nal activities
both in the immediate dam and reservoir areas and downstream from the'
dams.

At the present time, the Susitna River upstream from Portage Creek
to the Denali Highway bridge is a free::"flowing river with few signs of
man's activities and minimal publ ic use. The project would significantly
change both the present riverine setti ng and human use of the area . '.
Improved road access into the upper Susitna basin would sUbstantially
increase pressures on all the resources impacted by outdoorr~creation

activities withtn these areas. Along with a potential increase in
hunting pressure, the construction of project-oriented recreational
facilities would further increase public use' in the iinmediate vicinity
of the proposed dams and reservoirs. These recreational developmen:ts
would eventually include visitor centers at the dams, boat launching'
,ramps on the reservoirs, campgrounds, picnic areas, trail syst.ems, and
other related d~velopments, as shown in Figure 11. It is estimated that
with the recommended development plan, the initial annual visitation to
the project area would be about 77,000 people. '

The possible relocation of the state 'capital to the Lower Susitna
River Basin could have a substantial impact on the extent of development
of recreational facilities within the Devil Canyon-Watana project area.
At the present time, few people reside within alOO-mile radius of the
project area, and day-use of the project'by local residents'wou'ld be
minimal under existing growth conditions.

. C'

Any project-related recreationaldevelopment.programwould involve
cooperation between the appropriate Federal ,State, and local interests
and would require State or local sponsorship, sharing of costs for
construction, and maintenance of the developed recreational facilities
by the appropriate State or lotal sponsor. The State of Alaska (Divi
sion of Parks) has indicated an interest in sponsoring a program 6f
recreational development in the area of the proposed project ..

Historical Resources:

Although a preliminary investigation by the Alaska Division of
Parks (Heritage Resources along the Upper Susitna River, August 1975)
indicates the location of 11 historic sites within the upperSusitna
basin hydropower study area, only one of these would be directly affected
by the currently proposed two-dam development. This site is located
near the mouth of Kosina Creek and would be i·nundated by the Watana
reservoir. The significance of this site, a cabin, is not disclo~ed in
the State report. However, on the basis of the 1imitedearly modern
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history associated with the upper Susitna bas'n,· particularly the
downstream portion above Devil Canyon, it is most likely that the site
is related to early exploratory mining in the area. The Knik historical
site, although located in the vicinity of the transmission line would
not be affected by the transmission line corridor.

Archaeological Resources:

Of the four presently known archaeologic~l sites in the upper
Susitnabasin, all lie upstream from the influence of the Watana Dam and
reservoir, according to the Alaska Division of Parks report of August
1975. On the basis of probable highest game diversity in early times,
this report selects areas most likely to have been inhabited by people,
and thus identifies sites for potential archaeological exploration.
These sites are usually designated as being near the confluence of
streams where habitat diversity was likely highest. The report concludes
that II--the entire river system should be regarded as an area of extremely
high archaeologi ca1 potential. II The report further states: IIWhil e it
is difficult to measure ~he amount of adverse impact each of the four
dam complexes will have on heritage resources, it is possible to ascertain
that the Devil Canyon Dam will have the least effect. The Watana Dam
will have the second lowest adverse impact, followed by Denali Dam. The
construction of the Vee Dam site will have the most adverse impact on
significant heritage resources. 1I (The Vee and Denali Dams are not in
the proposed plan of development.)

More intensive reconnaissance of the affected areas will be neces
sary following project authorization to determine the actual existence
and locations of sites.

The Dry Creek archaeological site is located in the vicinity of the
proposed transmission line corridor. The site will not be affected by
development within the proposed route.

Vegetation:

All of the vegetation within the pools of the proposed reservoirs
and in the proposed road locations would be eliminated if the dams were
constructed. Trees would also be cleared i.n areas within transmission
line corridors. Most of the trees and shrubs would be cleared during
construction operations, and some of the commercial timber would probably
be marketed. Most of the residue slash material and debris would be
burned or buried.

Much of the existing tree and shrub cover in the Upper Susitna
River Basin is located in the river and creek bottoms and on the steep
canyon slopes above the streams and would be lost during dam construc
tion. The operations to clear the vegetation within the reservoir
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impoundments and other areas would require a.networkof temporary roads
and work areas forpersonnel, .equipment, and vehicles within and around
the areas to be cleared. Cohtrolsover the clearing. and related opera
tions would iflcludeprovisions to reduce or 'preventmany of the adverse
environmental impacts of these activities includi'ng the possibility of
uncontrolled fir.es.

The major ecosystems of the upperSusitna basin include the upland
and lowland spruce-hardwood forest systems and the moist and alpine
tundra systems. All these ecosystems are susceptible to long-term
damage or destruction; the predominant tundra systems are especially
vulnerable. Particular care would have to betaken to protect the land
and the vegetation from unnecessary damage, and remedial actions (where
feasible) would also need to be taken to repair whatever damage should
occur. Except for the river itself the area within the proposed reser
voir pool is dominated by the upland spruGe-hardwood forest ecosystem.

The disposal of slash and debris, whether by burning, burying,
chipping, or stacking has potentially adverse effects upon remaining
vegetation and other resources. Although stacked or dispersed slash may
provide habitat for small animals, there is a high potential that slash
may result in increased fire hazard and increases in insect populations
which could damage surrounding forests. Chipping is very expensive and
requires more machinery to travel along the right-of-way. DisPQsal of
chips is a problem because they should be dispersed to prevent killing
the plants on the ground. Since decomposition rates are slow, chips may
not revert to humus for quite some time. With proper precautionary
measures, burning would probably be the most desirable method of slash
and debris disposal from an environmental viewpoint.

Mining:

The U.S. Department of Interior, Bureau of Mines office in Juneau,
Alaska, has stated that the Susitna River basin in the proposed reservoir
impoundment areas is~generally favorable for various types of mineral
deposits, but much of the area has never beeri mapped geologically.

Agriculture:

No project benefits are antici'pated for irrigation at this time,
and except for providing reasonably priced electrical power to farms and
agricultural activities, no other major impacts on agriculture are
expected.

Presently most agri,cultural activity in the State, from crop
farming to dairyfarming~occurs in the Cook Inlet sUbregion. Of the
2~5 million acres/of land that have soil characteristics· conducive.to
the production of cultivated crops in the Cook Inlet-Susitna Lowlands,
about 70 percent lies in the valleys of the Matanuska and the Susitna
Rivers and their tributaries. Most of this land is still undeveloped.
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Roads:
."\'.

Permanent roads would ,be built to"provJdeaccess ,,from the Parks
Highway to the Devil Canyon and ,Watana damsites and 'some segments ,of the
transmission line. Perma:nent roads would also provide access to pro
posed recreation facilities within the project area. TemporarY·roads
for project construction and reservoir clearing operations would also be
constructed. No permanent roads would be constructed ups~reamfrom the
vicinity of WatanaDam.

The impact of road access to areas within the proposed hydroelectric
developments would be significant; also, the roads themselves would have
a definite impact upon the land. Resource values impacted by proposed
roads include fish, wildlife, vegetation, recreation, scenery, water,
and soils. Air and noise pollution related to road construction and
dust generated by vehicle travel on unpaved roads could also be signifi
cant adverse environmental impacts.

Proposed right-of-way restoration after construction includes
removal of temporary structures and temporary roads, disposal ,of slash
and refuse, and where necessary, revegetation.

Design~ location, construction, rehabilitation, and maintenance of
a project road system will be given prime consideration with the utili
zation of good landscape management practices.

It is also expected that helipads and possibly an aircraft landing
strip would be provided within the project area for air evacuation of
injured workers and for the convenience of reduced travel time; any
temporary aircraft landing facilities would be rehabilitated after
project construction.

Construction Activities:

Proposed project-related construction activities include the building
of the dams and their related facilities; the clearing of reservoir
areas; the construction of roads, electrical distribution systems, and
recreation facilities; and the building of facilities for workers. The
construction of theLentire Devil Canyon-Watana project is estimated to
take 10 years to compl ete, 6 years for Watana and 5 for Devi 1 Canyon, ,
with one year when both dams would be under construction at the same time.

The impact of these construction activities on the existing environ
ment would be significant. The activities themselves would cause varying
degrees of physical pollution to the air, land, and water within the
project area and to some areas outside the development area. Fish,
wildl ife, vegetation, visual, resources, soil~,., and other resource values
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would be adversely impacted by construction activities within the
project area. General construction activities would intrude on existing
fish and wildlife habitat, cause soil erosion problems with related
reduction of water quality, clear areas of vegetation, cause noise and
dust problems, intrude on natural visual resource values, introduce air
pollutants into the atniosphere by burning slash and debris, and cause
other related environmental impacts. For instance, breaking the surface
mat of vegetation and disruption of surface drainage can result in wind
and water erosion, and melting of permafrost, resulting in subsidence
and disruption of groundwater tables, which in turn results in erosion.

To obtain materials from borrow sources and quarry sites for the
construction of the dams, roads and other facilities would be necessary.
Borrow areas would be located within the proposed reservoir pool areas
where feasible. Any borrow or quarry sites necessary outside of the
pool area would be rehabilitated. Areas will also be needed to dispose
of some materials and debris. All construction activities would be
controlled to minimize or to prevent adverse environmental impacts.

Workers' Facilities:

No communities within commuting distance of the propos~d project
area could absorb the number of workers required for the construction of
the dams and related facilities. Some type of temporary construction
camps with the necessary facilities would need to be provided during the
construction periods, and permanent facilities would need to be built
for maintenance and operational personnel after completion of the
construction phase.

The construction and operations of the workers' camps would have to
comply with State and Federal pollution control laws and standards, and
all activities would be controlled to minimize adverse environmental
impacts presented by the camps. Lands used for operating the temporary
camp areas would be rehabilitated when the project work was completed.

Esthetics:

The proposed project would be located in areas that presently have
practically no permanent signs of man's presence. The land between
Portage Creek and the Denali Highway is a natural and scenic area that
would probably qualify for wilderness classification under most defi
nitions of the term.

The construction of the proposed hydroelectric project would have a
significant impact on the existing natural scenic resource values
within the project area. Any dam construction on the. upper Susitna
would change a segment of what is now a natural, free-flowing river into
a manmade impoundment. Within a l2-month period, Devil Canyon reservoir
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could fluctuate up to 5 feet while Watana reservoir would fluctuate up
to 125 feet under normal operating conditions. The proposed Watana
impoundment is located in ana'rrow, steep, isolated canyon where the
seasonal fluctuation would not have a substantial scenic impact. The·
violent, whitewater section of the Susitna River through Devil Canyon
would be substantially inundated by a dam at Devil Canyon. Roads and
transmission lines would also impact the natural scenic resource values
of the area.

" .
Since it is expected that a considerable number of tourists and

State residents would visit the damsites, every effort would be given to
minimizing the adverse visual impacts of construction activities. A
great deal can be accomplished to maximize scenic resource values that
will remain after construction.. Good landscape management practices
would add substantially to the recreational experience of the project
visitor with facilities that ar~ well planned and well maintained.

Earthquakes:

Several major and minor fault systems either border or cross the
Upper Susitna River Basin, and the southcentral area of Alaska is in one
of the world's most active seismic zones. One of the strongest earth
quakes in recorded history struck southcentral Alaskp in March of 1964;
the magnitude of the quake was 8.4 on the Richter Scale. The quake was
centered just north of the Prince William Sound area, approximately
120 miles from the proposed damsites.

Devil Canyon and Watana Dams will be designed to withstand a
Maximum Credible Earthquake of 8.5 magnitude with an epicenter of
40 miles at a focal depth of 20 miles, which is the approximate distance
of both damsites to the Dena"li Fault system, and is the most likely
source of a seismic event of this magnitude. The Susitna Fault, trun";'
cated by the Denali Fault, bisects the region in a northeast to south
west direction approximately 2.5 miles west of the Watana damsite. Due
to the relatively short length of the Susitna fault, a maximum credible
earthquake of a magnitude of 6.0 is considered reasonable. This possible
seismic event has also been considered in the design of Watana and Devil
Canyon dams.

Sedimentation:

Reservoir sediment inflow would vary at each reservoir. Under the
proposed system, Devil Canyon reservoir would lose approximately 6.5 percent
of its total storage area to sedimentation during a lOa-year period.
Watana reservoir would have a lOa-year sediment inflow that would equal'
about 3.6 percent of the reservoir's storage capacity.
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Both proposed reservoirs have a dead storage area that is not
utilized for power production; therefore, much of the initial 100-year
sedimentation for the reservoirs would be contained within this "dead
storage space," which would not have any significant effect on reservoir
operations. Much of the heavier sediment deposited in Watana reservoir
would collect at the head of the 54-mi1e-10ng reservoir. Eventhough
the project-life is computed on a 100-year period for economic reasons,
with adequate maintenance, the useful life of the proposed project is
estimated to be in excess of 500 years•. If at some future time a
feasible program of sediment removal were developed, the useful 1ife
period could be extended.

Climatic Conditions:

The severe climatic conditions in the Upper Susitna River Basin
could have a substantial environmental impact on the design, construction,
and operation of the proposed hydroelectric development. Permafrost
conditions, extreme cold winter temperatures, a long period of cold
weather, and ice conditions on the reservoir and river are some of the
significant climatic conditions that would have to be considered.

The Upper Susitna River Basin is underlain by discontinuous perma-.
frost, so some project areas will have to contend with permafrost and
other areas will not.

Extremely cold winter temperatures and long periods of cold w~ather

will place substantial restrictions on many project construction activi
ties and increase the time needed to complete the construction of the
project toa total oflO years.

Icing conditions on the reservoirs and the river may cause a wide
range of adverse impacts both on project construction activities and on
project operations. An ice-free stretch of warmer, open water below
Devil'Canyon Dam could cause ice-fog conditions in that area during
periods of extremely ,cold weather. Regulations of winter flows are not
expected to have any significant effects on river ice conditions neces
sary for the continued use of the stream for winter travel downstream
from Talkeetna.

Air Pollution:

Most of the existing electrical power in the Southcentra1 Railbelt
area is produced by gas, coal,· and oil-fired generating units which
cause varying degrees of air pollution. '

Cook Inlet gas is a clean fuel tha t causes few serious air poll u
tion problems at the present time. The existing gas turbines have very
low efficiencies and emit visible water vapor during the colder winter
months. Also, nitrogen emissions could be of significant concern for
any proposed larger gas-fired plants.
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Hydroelectric energy could replace the burning of fossil fuels for
electric power generation in much of the Fairbanks area and could help
to alleviate the severe winter ice Jog and smoke problems in that area.

Hydroelectric projects provide a very clean source of power, with
practically no direct air pollution-related problems. This type of
electrical power generation could reduce a substantial number of future
air pollution problems associated with the burning of gas, oil, and
coal. It would be necessary to burn some of the residue slash material
and debris during project construction and clearing operations, and
fires would be controlled as necessary.

Social:

Population: Substantial increases in population are expected
within the Southcentral Railbelt area through the year 2000 and, with
the possible relocation of Alaska's State capital from Juneau to the
Railbelt, an additional population impact can be expected in this area.

The population of the area will increase with or Without the
. development of hydroelectric projects proposed for the Susitna River;

construction of the project is not expected to have any significant
long-range effect on overall population growth. Thus the total amount
of power generated by the proposed Susitna hydroelectric project would
generally be an alternative source, which would have as one of its major
considerations a renewable energy source, rather than being an additional
power source. Projected power requirements based on mid-range estimates
show that the proposed Susitna hydroelectric development program could
supply a substantial portion of the Railbelt's projected electric power
needs starting in about 1985. The proposed upper Susitna River hydro
projects would notcteate large blocks of excess electric power for
heavy energy-consuming industries. If larger amounts of electric energy
should be needed for a program of heavy industrial development, additional
energy-producing sources will have to be constructed. In summary, the
project would serve projected population needs--not stimulate population
growth as a consequence of industries which would be attracted by large
blocks of excess electrical energy.' '

A 10-year Devil Canyon-Watana hydroelectric development program
would have an economic impact on the Southcentral Railbe1t area that
would be largely felt during the construction phase of project development.

It is expected that this proposed project would have some stabilizing
influence on the overall economy of the Railbelt area during the period

'of construction starting in about 1980, since construction would be
initiated several years after the Alaskan oil pipeline has been built
and about the time the proposed gas pipeline is scheduled for completion.
The number of men required to construct this project is estimated to be
about 1,100 during the peak construction period.
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Various community, borough, state, and private facilities and
agencies would be impacted to varying degrees by the workers involved in
the construction of the proposed project. Workers' camps would be
constructed in the vicinity of some of the various construction acti
vities, but additional impacts would be created by the families of the
construction workers living in various nearby communities who would
require additional facilities and services. It is also expected that
due to adverse climatic conditions, much of the construction on the
project facilities would be restricted to the warmer months of the
year-~prqbably April through October. The seasonal nature of the
construction work would have an adverse impact on the local economy
during the winter months.

After the construction of the project, a small number of people
would be required to operate and maintain the project and project
related facilities--these people would not create a significant social
or economic impact on the railbelt area.
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RELATIONSHIP OF THE,PROPOSED DEVELOPMENT TO LAND USE PLANS

PRESENT LAND STATUS

Lands in the general project area of the proposed Upper Susitna
River Basin hydroelectric development at Devil Canyon and Watana are
under Federal jurisdiction and administered by the U.S. Bureau of Land
Management. Thes~ lands have. been classified as power sites by Power
Site Classification Number 443, dated 13 February 1958. The project
areas are designated in the Power Site Classification by approximate
damsite locations and contour desig~ations as follows:

Devil Canyon:

This area begins approximately 1.4 miles upstream from the mouth of
Portage Creek and includes all lands upstream from this point below the
1500-foot contour.

Watana:

This area begins approximately 1.5 miles upstream from Tsusena
Creek and includes all lands upstream from Tsusena Creek and from this
point below the 1,910-foot contour.

ALASKA NATIVE CLAIMS SETTLEMENT ACT

The Power Site Classification withdrawals and the surrounding lands
in the proposed project area are in an area designated under the Alaska
Native Claims Settlement Act (Public Law 92-203) for village deficiency

.withdrawals: lands which can be selected by native village corporations
who cannot meet their selection entitlement fr.om the withdrawals in
their regions.

The U.S. Department of Interior, Bureau of Land Management, stated
in correspondence of 13 March 1975: liThe land within the power site
reserve is segregated from a deficiency withdrawal under ANCSA because
it is Ireserved public land' and Congress did not give the Secretary
(Interior) the authority to make deficiency withdrawals from reserved
lands. 1I

UTILITY CORRIDORS

The U.S. Bureau of Land Management has prepared a report suggesting
a Primary Corridor System for the State of Alaska. The report was
prepared in accordance with the provisions of Section 17 (b)(3) of the
Alaska Native Claims Settlement Act (Public Law 92-203).
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The Primary Corridor System is defined as a network of corridors
intended for the systematic transport of high-value, energy-related
resources from their point of origin to processing or transshipment
points in other regions of the State.' The network is intended to
identify transportation routes for resources of national or statewide
significance and is analogous to the transportation network that already
exists in conterminous states consisting of navigation, highway, rail
road, and pi pel i ne systems.

The Susitna project is one of the hydroelectric power developments
sufficiently advanced in the planning phase to warrant corridor consider
ation for high-voltage power transmission lines. The transmission lines
from the proposed Susitna project have been identified in the suggested
Primary CorriJ:lor System. .

/
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RECREATIONAL ASSESSMENT

INTRODUCTION

RECREATIONAL AND FISH AND WILDLIFE ENHANCEMENT

Projects authorized subsequent to 'passageof Public Law 89.,..72,
Federal Water Project Recreation Act, July 1965, are subject to the
provisions of that act. The act establishes development of recreational
and fish and wildlife potential at Federal water resource projects as
full project purposes whenever a project may serve them consistently
within the act. Specifically, the act provides:

a. Benefits for recreation may be included in the economics of a
contempl ated project, provided that non-Federal 'publi c enti ti es agree
(letter of intent) to participate in recreational development.

b. The non-Federal entity must assume:

. (1). Atl east one-hal f of theseparabl e first costs for ,
recreational facil ities and lands specifically required for recreation;

(2) All costs of operation, maintenance, replacement, and
management of recreational areas and facilities.' '

c. Lacking an agreement on non-Federal participation prior to
initiation of construction, separable lands to preserve the future'
recreational potential may be acquired at Federal expense and held for
10 years. '

d. The b~sic act specifies the same conditions of cost~sharing in
b(l) and (2) above for fish and wildlife enhancement. The Water Resource
Development Act of 1974, Section 77, amends PL 89-72, however, by stipu
lating that the non-Federal entity must assume 25 percent of the separable
costs, and that the Federal Government 'will assume 75 perce.nt of the
costs for fish and wildlife enhancement.

PURPOSE

Stage 1, Interim Report on the feasibility of hydroelectric power
development in the Upper SusitnaRiv~r Basin indicates that the Devil
Canyon and Watana projects offer the best initial combination for deve'loping
the hydroelectric potential of the area. This section will identify
recreational and· collateral resources of these two projects, will present
public use projections, and will indicate the level of development
needed to accommodate this use.
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SCOPE

Coverage of this section will be limited to information required to
insure an understanding of basic recreational and environmental resources
related to the development of Devil Canyon and Watana projects. Typically,
as a preauthorization study, a general plan of development, including
land requirements, will be recommended to assure utilization of the
recreational potential. Detailed site planning which would be accomplished
as a post-authorization activity will not be included. Levels of develop
ment will be based on the provisions of PL 89-72; namely, minimum develop
ment for health and safety by the Federal Government in the absence of
cost sharing and that level of development for which non-Federal interests
have expressed intent to participate. Facilities necessary to accommodate
visitors at project structures which are provided at Federal cost will
also be recommended.

BACKGROUND

Various existing studies and reports provide background data and
information used in this section, including:

a. U.S. Department of Interior, Alaska Power Administration,
Juneau, Alaska, Devil Canyon Project Status Report, May 1974;

b. Upper Susitna River, Alaska, An Inventory and Evaluation of
the Environmental, Aesthetic and Recreation Resources, U.s. Corps of
Engineers, January 1975;

c. Alaska Outdoor Recreation Plan, in four volumes, February 1970,
with information updated in 1971, 1972,and 1973, Outdoor Recreation and
Historic Preservation in Alaska, prepared by Division of Parks, Department
of Natural Resources, State of Alaska.

GENERAL

Few places in the world offer the variety of outdoor recreational
resources available in Alaska. Both residents and visitors alike have
unexcelled opportunities for recreational activities among a profusion
of beaut~fu1 lakes, rivers, and mountains, largely untouched by modern
civilization. From the fiords and rain forests of southeastern Alaska
to the summer marshlands of the interior and the tundra lands of the
north, the land is largely in its primitive state, with some areas still
unexplored. For more than 1,000 miles from Ketchikan to Barrow and
2,000 miles from Barter Island to Attu, elevations ranging from low
hills to the continent1s highest mountains define Alaska's landscape.
Within this broad expanse are over 3,000,000 lakes and over 10,000
rivers and streams, 6 of which are over 400 miles long. Variety and
abundance in fish and wildlife resources provide unusual big-game species
and fish. Fishing and hunting are not only important recreational
resources but~lso provide significant economic returns.
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Access to all this splendor is limited; these resources are not
where people reside and are relatively inaccessible to the majority of
the people. Total highway and road mileage is very low; air transporta
tion costs are high; many ports and rivers freeze over in the winter;
and only two rail lines serve the entire population •. Despite deficient
access systems, tourism increases and will become a more and more impor
tantfactor in Alaska's economy.
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RECREATIONAL MARKET AREA

MARKET AREA

Zone of Influence: The study area, lying east of the Parks Highway and
south of the Denali Highway, is located 150 to 200 miles from both·
Fairbanks and Anchorage. By far, the greatest source of recreational
usage will be these two cities. Resident population outs..ide these
metropolitan areas is sparse. Except those in the small settlement at
Denali, there are few permanent residents in the upper Susitnabasin
above Devil Canyon. Thus, the project areas lack a IIday-use ll market in
the sense that ordinary travel distance limitations would apply. Normally,
that area from which 80 percent of a reservoir's recreational day-use
originates is less than 75 miles away and not more than 100 miles.
Except for sightseeing in the vicinity of project structures (interest
only in viewing the dam and appurtenances), major recreational use of
the study area is expected to be of the weekend or overnight type.
Tourist use is anticipated in about the same proportion as that experienced
within the Alaska State Park System.

In defining a market area for the Devil Canyon and Watana projects,
there is no consistent similarity to existing projects in the Lower 48
States. Thus, the similar projects approach to analysis of market area
and use prediction prescribed in ER 1120-2-403 is not appropriate for
use in this study. Having no definable day-use zone, the market area is
assumed to include the metropolitan areas served by the Parks Highway
and the Alaska Railroad. The area served roughly coincides with the
Southcentral Railbelt area and the Southcentral and Interior Planning
Regions established by the Statewide Comprehensive Outdoor Recreation
Plan (SCORP~, as shown in the following sketch. Data on population,
recreationa supply and demand, and use projections for this area are
obtained from SCORP, updated, and revised hereinafter as indicated.
There is also a relationship of use between the study area and the
Denali State Park, the eastern boundary of which lies approximately
14 miles downstream from Devil Canyon damsite. Recent master plan
studies for the State park provide data appropriate to this study. The
Denali study recognizes both possible downstream effects of regulated
flows from Devil Canyon on water-associated recreation within the park
and the potential that exists to enhance the existing State park attrac-
tion with nearby, but more remote, reservoir-related recreational experience.

SOCIOECONOMIC CHARACTERISTICS

Economic activity in Alaska is as diverse as its people, topography,
and climate. Within this vast area reside Eskimos, Aleuts, and Athabascan,
Tlingit, Haida, Tshimsian, and Eyak Indians, many of whom subsist by
hunting and fishing in much the same manner as did their ancestors.
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Most of the other residents of the State, including military personnel,
live in metropolitan areas. Thus, two sharply diverse cultures exist
within the State1s boundaries: one engaged in subsistence economy
involving 1ittle use of money, where primary work activity is related to
procurement of food and 'she1 ter; and another which inc1 udes most residents
of the established market area, where dollars are earned to purchase
necessary goods and services.

The study area's zone of influence contains approximately three
fourths of the State's residents. According to the 1970 Census, 54 per
cent of the State's population resides in southcentra1 Alaska; the
majority live within the Anchorage area. Most of the rest of the
State's population, with the exception of urban centers in southeastern
Alaska, reside in approximately 170 bush communities of less than
1,000 people. Of this bush population, more than half are Eskimos,
Indians, and Aleuts.

LAND USE

Land use patterns, particu1 ar1y in the study area, have yet to
evolve. 'However, land withdrawals made and pending under the terms of
the Alaska Native Claims Settlement Act (ANCSA) and under provisions of
the Alaska Statehood Act will result in large-scale transfer of title
and more definable land use. Pending completion of these selections,
lands within the study area remain under interim management jurisdiction
of the, Bureau of Land Management (BLM). The reservoirs and damsites are
withdrawn under Power Site Classification No. 443, dated 13 February 1958.
The study area overall, however, is classified as Regional Deficiency

. Lands under ANCSA. Final date for selection of Regional Deficiency
Lands is 18 December 1975. These lands, with potential access afforded
through project construction, will have potential for recreational use,
mineral extraction, harvesting of forest products, and settlement.

Power Site Classifications: The project areas are designated in the
Power Site Classification by approximate damsite location and contour
designations as follows: ' .

Devil Canyon: This area begins approximately 1.4 miles upstream
from the mouth of Portage Creek and includes all lands upstream from
this point below the 1500-:footcontour~

Watana: This area begins approximately 1.5 miles upstream from
Tsusena Creek and includes all lands upstream from Tsusena Creek and
from this point below the l,910-foot contour.

Alaska Native Claims Settlement Act: The Power Site Classification
withdrawals are in an area designated under the Alaska Native Claims
Settlement Act (Public Law 92-203) for regional deficiency withdrawals,
where lands can be selected by Native Regional Corporations which cannot
meet their selection entitlement from the withdrawals in their regions.
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According to officials of Cook Inlet Regional Corporation, most lands
with proximity to the Devi 1 Canyon and Watana projects wi 11 have been
tentatively selected prior to December 1975. This report recognizes the
i,ndeterminate status of final lands jurisdiction, but assumes that lands
necessary for all project purposes will be acquired through exercise of
power-site withdrawals and through acquisition in fee, or by land exchange,
as required. While the proposed recreational program is based on Alaska
State Park operation, the possibility that cost-sharing agreements may
be made with the Cook Inlet Native Corporation, should it qualify as an
administering agency under Public Law 89-72, is also considered. However,
this study assumes the more likely occurrence of concession-type operations
by native elements for such self-liquidating activities as marinas, boat
excursions, and lodges, rather than public outdoor recreational facilities
normally provided by governmental entities. "

POPULATION AND GROWTH PATTERNS

According to the 1970 Census, Alaska's statewide population was
300,382. Of this total, 218.145 resided within the established market
area.

-----SCORP projections for the market area (Southc~ntral and Interior
Plgnnjng Regions) are as follows:

Region 1975 1980 2000

Southcentral 176,000 199.000 334,000

Interior 58,000 63,000 86,000

TOTAL 234,000 262,000 420,000

Population growth in Alaska is difficult to forecast with certainty
because of the small base for the forecast, past erratic growth patterns,
and uncertainties in the rate of development of the State's resources.
However, oil industry activities, coupled with an increased national
interest in Alaska as the last remaining frontier, portend significant
and sharp upward trends in population.

OUT-OF-STATE VISITATION

Projections of the number of tourists expected to visit Alaska are
taken from SCORP as follows:

1975 287,800

1'980 553,800
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Tourists are not only expected to increase in numbers of visits, as
shown above, but their length of stay in the State and the number of
days they wi 11 devote to outdoor recrea tiona1 activi ty are also expected
to increase sharply. This analysis is based on current trends reflecting
more leisure time, more expendable income, and the prospect of improved
means of transportation and access.

INVENTORY OF FEDERAL/STATE, LOCAL, AND PRIVATE RECREATIONAL ACREAGE AND
FACILITIES

Alaska's recreational resource inventory Js on the threshold of
great change. As a result of the Alaska Native Claims Settlement Act,
40 million acres, or 11 percent of the State, may be selected by native
villages and regional corporations, and approximately 80 million acres,
or 22 percent of the State, may be added to four Federal systems (Parks,
Wildlife Refuges, Wild and Scenic Rivers, National Forests); the State
can continue to select and to receive patent to approximately 105.5 million
acres, or 29 percent of the State, under the terms of the Statehood Act.

Currently 8 percent of Alaska's 365,481,000 acres are dedicated for
park and recreational purposes. Recreational opportunities are available
on the multiple-use lands under jurisdiction ofBLM, U.S. Forest Service,
and the State's Division of Lands, which combined, manage about 90 percent
of the State's 1and area. The future ava i1abi 1i ty of recrea ti onal
opportunities on these lands will be reduced as title reverts to other
management entities (e.g., 40 million acres to native regional and
village corporations) and as timber sales and other uses of National
forests and State lands materialize.

Within the market area, the State Park System's Recreation Guide
lists 60 areas; two large parks, Kachemak Bay State Park and Kachemak
Wilderness Park, remain undeveloped. The other sites, ranging from
State parks, such as Denali and Chugach, to small campgrounds, day-use
areas, and waysides, all have varying degrees of development •. ~1any of
these waysides are located at small lakes which offer facilities similar
to those which could be developed in the Devil Canyon and Watana project
areas. The following sketch and table show location and facilities
available at each site. Mount McKinley National Park is also within the
market area.

Use and demand statistics within the market area are significant.
The Denali State Park Master Plan, updated in 1975, shows the following:

In 1972, 372,614 visits were recorded for units of the State Park
System. In 1973 this figure increased to 712,791,. nearly double the use
of State park units. Amore modest increase for 1974 was recorded in a
visitation of 751,892. Interior and southcentral units (market area)
received nearly 70 percent, or 504,656, of the total 1974 visitation.
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STATE RECREATIONAL FACILITIES
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STATE RECREATIONAL FACILITIES

£a~le River 36 4 12 - - '_ _ S3 I:.,.'e River

lIird O ..k 2S 7 14 _ _ _ ._ SS Ancho,..e
Mcllugh Crook 30 _ _ S4 Anchorage

Minor LoI:e Wayside 90 30 _ _ _' _ _ _ _ S6 I"'dc River

~Lo~e."kii\:VI;·"Yc::S1:·:d:.:e -,__5:!:2~3~2:L..;4~....J~-!...l_-!..JL-I._L....l_..L_L!-~_J.;S~7U!1::a'!ll!'I",-e~Riv~·!!:e!.r_
DISTRICf III

IGsiloCRiverWayside 4711U'IS 5 _ _ _ 59 Soldoln.
Blmiee L1ke W.YSlde 7111 i 15 _ _ _ _ _ • S8 Kenai

John",n Ltke W.yside 56 20 IS _ _ _ _ _ 1(,0 So'dolna
Cam Gulch Picnic 36 20 _ _ _ _ 61 iSoldot".

_
Nii;;'in:;il;;chr;ik;;·.."';c·a~y,;si~d~er;------+--:�i-i3rr-=t:.:sflnt.::·-:-+-+-I-+-~:_f_=_+_=_1I__1-6iI:\,"Ii~
Daep Oerk ''''3Y'~ide 44 IU • • •• h t\in~

~S21ar;;;::i':,kii7';:\":::·.-';y.o:si;j::-e':;-;7"" -+_-r.3~0;+;1;;2+_Ir.S;J__+..::-:..I-.!. e-!- _. 64 Anchor Point
.Silver King Way,ide 74 40 IS _ ' _ ,,_+-f-...-J-+-_+-f.f,;,'S;+;Anc=:cho' Poinl
Aiicli'OrRiver i\~·a~l·:;;si;;d;;e----+-":S~7i+~7;trISrr--f"='+=--iI-+'="'I--+-+-f-!_4--f.6;;6;.j-;A~n~c;::ho~r:":P~o~in~t
,,"chemak llay Sta'e Park 119.970 undeveloped _ 67 Seldovia
,,"chenl3k Wddern... Park 208.320 undeveloped _ 611 Selduvia
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-Discover)' C3mp;:round 57 IS _ _ ! I«n.,
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Swanson River OInoc Londin. _ _ _ 71 Keu.,
Sto,my Loke 10 15 40 _ _ _ _ • _ • • 72 Kenai
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Tok J(.i,'cr Wayside 4 10 IS •• III Tok
Moon L1ke Wayside '92 15 IS _ _.. 19 10k
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..;Jbr:'7,:-di~n,~.u=ke,="R",CCl7-":"c:l"io",n7'Area?",=-_+_-,9;;Sc+-8"-91-'I,,,S't-S2;:+..::.+.::-t-=-:"+-l--!""::-'-t..::-'-t-.;-.!"'='.21 :"orth I'ole
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CIlalanika Rj,'e,\\'ay,ide 73 25 IS •• • • • 25 Fairb.nka
DonncUyO..,k Wayside 20 12IIS • 26 DeitaJunetion
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lillie Tonsina Wayside
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Blueberry Loke W.yside
Wile NelehiJ13 Wayside
Lake Lnuic;c Wayside

240
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113
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22
SU

12 IS
13 IS
5 15
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6 IS
6 IS
6 IS
6 IS
S IS

·-•
•• •-.-•-.
-

•

-

•

28 Tok
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30 Gl.M.~en
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• 32 Copper Center

3-3 Valdez
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,.,

.'
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LonR uke Wayside ~;2 II IS • - - - • 39 .".dmcr
Bonnie take W:lyside 31 8 IS - - • - 4 l'ialmcr
kine: Mountain W:ayside 20 22 IS - - - 41 r~oIlmer
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Mount McKinley National Park visitation increased from 58.300 in
1971 to 137.418 in 1973. The primary reason for this 135 percent increase
was the completion of the Parks Highway between Anchorage and Fairbanks.

The Denali Master Plan forecasts increases in total annual demand
for various outdoor recreational activities. The following is a per
centage increase of the 1967 demand base for uses anticipated in the
study area as indicated in the Denali Plan:.

Demand For Selected Outdoor Recreational
Activities in Alaska

Percent of 1967
Activi ty 1970 1975 1980

Trail-related Activities 129 147 249
Sightseeing 146 175 385
Picnicking 132 162 235
Fishing 134 155 268
Camping 156 197 516
Boating 134 169 343

In the 1973 revision of the Alaska Outdoor Recreation Plan. deficits of
facilities for several popular activities were projected. Listed by
region. three recreational pursuits applicable to Denali State Park are
presented below:

Region

Southcentral
Interior

Southcentral
Interior.

Southcentral
Interior

Projected 1975 Supply

-Picnic Units-

1.037
492

-Camp Units

3.825
1.256

-Trail Mileage-

587.7
88.2

As Percent of Need

32%
43%

67%
63%

28%
16%

The projected deficits. as a factor of supply and demand. are
severe. Development of recreational capability of the study area has
the potential to alleviate a portion of these shortages through con
struction of appropriate facilities at Devil Canyon and Watana projects.
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DETERr~INATION OF OUTDOOR RECREATIONAL ATTENDANCE

BASIC ASSUMPTIONS

The State Division of Parks plans to operate and to manage the
recreational program presented for Devil Canyon and Watana projects so
that they would be complementary to Denali State Park; that is, supple
ment Denali's facilities and accommodate increased use generated because
it is nearby. The total system is to be interrelated and developed on a
phased basis, consistent with needs identified in the Denali Master
Plan. Attendance projections will necessarily be related to use potential
of an agreed-upon program.

the initial year of recreational 'use of the study area is estimated
to be 1986.

USE PROJECTIONS

Development of use projections for the study area is complicated
because no similar project exists from which data can be utilized. No
current market area surveys or reliable activity participation data are
available, and economic and social factors of the market area are extremely
fluid. In the final analysis, it is necessary to rely upon informed
judgment when assessing behavioral patterns which influence recreational
use of the area.

Population and Use Trends: Census data for the market area for 1970
show a population of 218,145. Statewide Comprehensive Outdoor Recreation
Plan ~SCORP} projections for the year 2000 indicate a possible doubling
of thlS figure, with an average annual increase of approximately 7 percent.

Out-of-state visitation over the same period was estimated to
increase over 400 percent, an average annual increase of approximately
14 percent.

State parks visitation within the market area totalled 668,716 for
fiscal year 1973, almost doubling over a 3-year period. This attendance
is expected to increase at a slower rate, leveling off to an annual
increase of approximately 10 percent.

National Park Service statistics for Mount McKinley National Park
show usage increased from 58,300 in 1971 to 137,418 in 1973. This
135 percent increase was influenced by completion of the Parks Highway.
Future attendance is expected to level off at a' rate approximating State
park usage.

Methodology:
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Southcentra1 Region

Federal
State

Local

2,656,858
541,021

2,173,165
5,371,044

Federal
State
Local

Interior Region

2,704,100
127,695
174,000

3,005,795

Total for Market Area: 8,376,839

Assuming continuation of present use patterns exhibited within the
market area, total recreational visits by 1985 are estimated to approxi
mate 18,000,000. At least 0.5 percent of this total, or 90,000 of these
visitors, may reasonably be expected to visit Denali State Park and the
Devil Canyon and Watana project areas.

Method 2 (sampling of vicinity activity): Alaska State Department
of Highways, utilizing a traffic counter at East Fork Chulitna River
bridge (16 miles north of. Denali State Park), recorded an average of
578 vehicles per day from June through September 1973. Based on an
average of 2.6 passengers per vehicle, nearly 180,400 persons drove
through Denali State Park during the summer. Updated projections to
1985 indicate that approximately 1,366 vehicles per day can be expected
during the 4-month summer period, a total of 426,192 persons. Since
Mount McKinley and Denali State Park (including the study area) will be
major recreational attractions and will be a convenient stop between
Anchorage and Fairbanks, at least an estimated one of every 10 through
passengers will visit the Devil Canyon area, approximately 27 miles off
the Parks Highway. Total visitation- from this source is estimated to be
42,600.

The Alaska Railroad estimates 75,000 passengers were transported
between Anchorage and McKinley Park Station during the summer of 1974.
This use is projected to approximately 87,000 for the year 1985. Assuming
that shuttle bus transport will probably be placed in service to trans
port rail passengers to Mount McKinley Park, an estimated 20 percent of
these visitors will desire to visit Devil Canyon as part of a total tour
package, resulting in possibly 17,400 visitations.

No statistics are available on possible fly-in use of the project
areas or on possible access by ATV vehicles. By the year 1985, such
access might result in an additional 3,000 annual visitations.
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Total predicted usage from the above sources is:

Highway

Railroad

Off-road

Total

USE PREDICTIONS (STUDY AREA)

42.600

17 .400

3.000

63.000

Initial with Deve10 ment Cost-sharin : Assuming that a recreational
eve opment program W1 e prov1 e as proposed. the estimated initial

annual attendance at Devil Canyon and Watana projects is projected by
averaging the results of Methods 1 and 2 above for a total of approxi
mately 77.000 persons.

Initial with Recreational Development: With only minimum facilities
provided at road ends at Devil Canyon and Watana damsites. the estimated
annual attendance may be approximately 15.000. most of which would be
sightseeing use at Devil Canyon damsite.

Future:

With Development: To predict the extent of future phased develop
ment. at this time. is not feasible without full analysis of development
and programming for Denal i State Park. However. it is anticipated that
project recreational use will increase at an average annual rate of
approximately 10 percent until the year 2000. when it will level off to
an average annual visitation of approximately 190.000. This analysis
assumes that 'phased future expansion will be governed by demonstrated
need and use pressure as affecting the Denali State Park System.

Without Cost-shared Development: Without formal development. aside
from sightseeing use and boating use of available project launching
ramps. project areas will have minimal attraction for outdoor recreational
activity. Continued lack of development would probably maintain usage
near the initial level of 15.000.

REAL ESTATE REQUIREMENTS

Lands specifically required to accommodate the proposed recreational
program over and above lands included within the normal taking line are
estimated to approximate 830 acres.

In the absence of a formal cost-sharing agreement. Public Law 89-72
permits acquisition of lands necessary to preserve recreational potential.
and permits retention of such lands for a period of 10 years. Considering
the political aspects of the Alaska Native Claims Settlement Act and the
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circumstances of native possession, setting aside such land does not
appear judicious unless affected landowners are willing to convey these
lands. Current philosophy, reflected by the Cook Inlet Native Corporation,
is that selling such lands in fee will be strongly resisted. A possi
~ility exists that suitable lands held elsewhere by the State or by BLM
could be considered in exchange for lands considered to be necessary to
utilize or to preserve recreational potential.
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RECOi~MENDEDPLAN '. OF DEVELOP~1EliT

INITIAL AND FUTURE DEVELOPMENT

The location of the. Devil Canyon and Watana projects, in relatio~n to
Mount McKinley National Park and Denali State Park, lends specific
character to and influences the nature of proposed developments. In
addition to giving people an opportunity to look at dam structures, the
two projects would offer reservoir-related experiences in a remote
setting. These would include trail use, boating, picnicking, and
overnight camping. As demand develops, the possibility exists of
providingOconcessionary facilities such as lodges, marinas, and boat
excursion trips.

DEVELOPMENT PROPOSED (See reservoir map on the following page.)

Developments proposed initially are considered in two categQries:

Visitor Accommodations at pro~ect Structures: These would be facilities
for sightseers who visit the am and appurtenant structures, and, except
for sightseeing, would not be reservoir-recreation oriented. Such
facilities would include visitor buildings, interpretive facilities,
parking, and sanitary facilities. Cost-sharing is not required.

Reservoir-Related Outdoor Recreation: Based on a fully coordinated
cost-sharing program, proposed developments will include a picnic area,
an all-purpose camping and day-use 'area, a boat-access-only campsite,
and a reservoir-oriented trail system for Devil Canyon; boating access,
boat-access-only camping, and trails for the Watana area.

Future Develoement: It is anticipated that future development will
consist princlpally of expansion of initial areas and provision of self
liquidating concessionary developments by others. Because of the
nature of cost-sharing involved, no attempt is made here to define a
future program, as this would necessarily have to be integrated with the
Denali State Park program.

Minimum Develoement: In the event a cost-sharing program cannot be
implemented prlor to expenditure of project construction funds, minimum
facility development consisting of a launching ramp facility with
minimum parking (mainly for operation and maintenance activities) and
minimum sanitary facilities will be provided in the immediate vicinity
of both Devil Canyon and Watana Dams where road access terminates for
project construction activity.
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ACTIVITY ~lIX

This projection of initial activity mix is based upon anticipated
participation rates, adjusted to the use considered to be commensurate
with the study area's role as related to the Denali' Park System•

Activity

Sightseeing
Camping
Trail-related activities 11
Boati.ng
Picnicking
Fishing
Hunting
Water sports activity 11
Total

. Percent

65
30
25
15
10
7
8
~

162 3/'

11 May include such activities as hiking, snowmobiling, motorcycling,
snowshoeing, dry-sledding, cross-country skiing, and nature study.

Includes swimming and waterskiing.

Percentage is based on a single visit with participation in one or
more activities. .

INITIAL FACILITY LOAD CRITERIA

Based upon estimated attendance projections and participation rates
used for the project, a project design load (peak day attendance) and
specific facility design loads are calculated as follows:

Project Design Load

DL = AA x P x E of 0
Where: AA =Annual Attendance

P = %of ann~al attendance during peak month
E =% of peak month use expected on weekends
D= Average number ~f weekend days during peak month

DL =77,000 X .20 x 55 of 9 = 940 persons
, ..
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2 '

4

10

940

3

1

15

940

4

1

25

940

Trail-
Specific Design Load Sight- Related
By Activity seeing Camping Activities Boating Picnicking

SDL = (PR) x (DL)
of TxA
Where: PR = Patti- 65 '30

cipation
rate (%)
DL = Des'i gn ,940 940
load ' ,"
T =TurnoVer 21
factor
A = Average 3 " 4
group size

Si ghtseefng

SbL ~.6~ ~940= 102 cars
2 x 3

An estimated 60 percent of sightseeing activity will occur at
project structures" resulting in the need for 60 parking spaces.
Assuming there will be shuttle bus service, space requirements
should be further reduced by approximately 20 percent for an
overall total of 48 parking spaces divided between Devil Canyon and
Watana Dams.

Camping

SDL = .30 x 940 =70 campsites
4

Trails

SDL = .25 x 940 =60 trail-related activities on peak day
4

Boating

SDL = .15 x 940 = 47 boats
3

Assuming 30 launches and haul-outs/day/per lane, 2 launching lanes
would be required. Because of limitations of access points, at
least 3 one-lane launching sites should be prOVided, 2 on Devil
Canyon and 1 on Watana. Approximately 15 car and trail er parking
spaces should be provided at each site.

699



Picnicking

SOL = .10 x 940 =12 picnic units
2 x 4

Fishing and Hunting - No specific additional facilities other than those
provided at developed areas are anticipated.

Water Sports ActiVit~ - Very limited swimming activity is anticipated
because of water con itions and generally steep shorelines. A small
beach area may be possible at the proposed overnight campsite on Devil
Canyon below Watana Dam.

FISH AND WILDLIFE CONSERVATION AND ENHANCEMENT

Since the project study is currently in the feasibility stage, this
report does not include a detailed evaluation of fish and wildlife
impacts, nor specific recommendations for fish and wildlife conservation
and enhancement. If the project is authorized by Congress, currently
on-going and future study results will be used to determine what actions
should be taken to conserve and enhance fish and wildlife resources.
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COORDINATION WITH OTHER AGENCIES

Bureau of Land Management: BLM has interim jurisdi~tion over most of
the lands within the study area and has been requested to furnish an
Impact Report. If the lands surrounding the project remain under public
ownership, the recreational facilities would be developed and operated
by the Bureau of Land Management. The response from BLM is inclosed as
Exhibit A. .

Alaska Power Administration: Since this agency would operate the project
after construction, it has been kept informed on study progress.

STATE

Continuous coordination has been carried out with the State of
Alaska, Department of Natural Resources, Division of Parks. Representa
tives of that agency have participated in planning and have expressed
intent to participate in the recreational development and management
program, as required under Public Law.89-72. A copy of the Letter of
Intent is inclosed as Exhibit B.

LOCAL INTERESTS

The projects are within an area designated as Regional Deficiency
Lands under the Alaska Native Claims Settlement Act. Coordination has
been maintained with the Cook Inlet Regional Corporation as the respon
sible entity in this matter.

7~1
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MANAGEMENT AND COST-SHARING

FEDERAL RESPONSIBILITIES

The Alaska Power Administration will be responsible for operation
and maintenance of Devil Canyon and Watana Dams and appurtenant structures,
including the operation of reservoirs for the authorized project purposes.
To provide for health and safety of the visiting public during and after
construction, visitor faci1ities--inc1uding a visitor building, inter
pretive facilities, sightseeing overlooks, protective fencing, sanitary
facilities, and parking at damsites--wi11 be developed at full Federal
cost.

RESPONSIBILITIES OF OTHERS

The State of Alaska's Division of Parks. as local sponsor. will be
responsible for administration and management of pUblic outdoor recrea
tional areas. Park sites do not include custodial residences or main
tenance buildings. In view of the high percentage of sightseeing activity
estimated at project structures, an interpretive program will be developed
cooperatively between Federal and State entities. Administrative head
quarters for park management forces will be maintained at proposed
visitor centers.

COST-SHARING

By letter dated 4 April 1975, the State of Alaska indicated its
intent to sponsor the initial recreational development proposed herein
at an estimated cost of $1,144.600. The. State's share of the cost of
the facilities would be approximately $572,300.
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GENERAL

ENVIRONMENTAL QUALITY

, I

Carefully prepared, creative development plans will be required to
enhance, conserv,e, and main:tain both th~ environmental qual ity and the
esthetics of project areas. 'Emphasis will be placed on composition ;and
space relationship for ,human purposes co!,!sistent ~ith the type of activity
involved..' ' ,

The access road to both dams ,will be designed to cause minimum
impact on the environment with emphasis on preserving the roadside, the
viewscape, ,and the esthetic character. Where possible, alinement
should take .~dvant'ageof 'views to lend, interest and variety 'to the
driving exp~rience. ' '.
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COST ESTIMATES

Cost estimates are presented in the following table for three
categories:

a. Visitor facilities at project structures (no cost-sharing);

b. ~1i rti mum recrea tiona1 deve1opment--permi tted under PL 89-72 in

the absence of a cost-sharing sponsor;

c. Cost-shared recreational program (as agreed to by sponsor).

Operating facilities (boat ramps) and visitor facilities which are
provided at project structures for public safety and convenience are
project costs and are charged to Feature Account No. 19, Buildings and
Grounds. Because of terrain limitations and access road construction
limitations, operating facility development will be located within a 2

mile distance of proposed main access roads. The launching ramps, which

will also be used for operational purposes, will have separate vau1t
type toilets to accommodate boaters.

Recreational facilities are charged to Feature Account No. 14 and

are to be cost-shared.
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DETAILED COST ESTIMATES

Account
Number

A. VISITOR FACILITIES:

Initial
Quantity Unit Unit Price Total Cost

19 15,000 SF $3.00 $ 45,000

Total $245,000
Contingency - 20% $ 49,000
Total Direct Cost $294,000

19 1 ea LS $100,000

Total Visitor Facilities
Contingency - 20%
Total Direct Cost

Total Visitor Facilities

Devi1 Canyon
Visitor Building with 19

Interpretive Facilities
and Admin. Space

Parking Area, Visitor
and Admin-25 Car Spaces
15 Car & Trailer Spaces

Watana
Visitor Building with

Interpretive Facilities
and Admin. Spaces

Parking, 20 Cars and 19
10 Car & Trailer Spaces

B. OPERATING FACILITIES:

Devil Canyon
Launch Site with Parking 19

and Launch Ramp w/Dock

1

12,000

LS

ea

SF

LS

$3.00

$150,000

$200,000

$ 36,000

$136,000
$ 27,000
$163,000

$457,000

$150,000

Total
Contingency - 20%

. Total Direct Cost

TOTAL OPERATING FACILITIES:

Total
Contingency - 20%
Total Direct Cost

2-Vau1t Toilets

Watana
Launch Site w/Parking

& Launch Ramp w/Dock

2-Vau1t Toilets

19

19

19

2

LS

2

ea

ea

$ 2,000

$200,000

$ 2,000

$ 4,000

$154,000
$ 31,000
$185,000

$200,000

$ 4,000

$204,000
$ 41,000
$245,000

$430,000

706



TABLE II (Con.t inued)
DETAILED COST 'ESTIMATES "

C~' COST-SHARED RECREATION :

Account
Number ." Qu.anti'SK':Unit Unit Price

Initial
Total Cost

Devil Canyon - Site A
(Boat Access Only)
Boat Dock
Camping Units
2-Vau1t Toilets

Devil Canyon - Site B
Access Road
Overnight Camps
Comfort Stations
Power
Sewerage

14 1 ea $ 25,000 $ 25,OQO
14 10 ea $ 1,800 $ 18,000

,14 2 ea $ 2,000' $ '4,000

TotaL $ 47,000
Contingency - 15% $ 7,000
Total Direct Cost $ 54,000

*E&D - 10% $ 5,400
**S&A - 7% $ 3,800

Total $ 63,200

14 0.5 mi $100,000 $ 50,000
14 50 ea $ 2,500 $125,000 '
14 2 ea $ 35,000 .$ 70,000
14 LS $ 25,000 $ 25,000
14 LS $ 50,000 $ 50,000

Total $320,000
Contingency - 15% $ 48,000
Total Direct Cost $368,000
E&D - 10% $ 36,800
S&A - 7% $ 25,800

Total $430,600

Total

Total
Contingency - 15%
Total Direct Cost
E&D - 10%
S&A - 7%

Devil Canyon - Site C
Trailhead Picnic Area

Access Road
Picnic Units w/Parking
Trail System
2-Vau1t Toilets

14
14
14
14

0.2
12
30

2

mi
ea
mi
ea

$100,000
$ 2,000
$ 1,000
$ 2,000

$ 20,000
$ 24,000
$ 30,000
$ 4,000,

$ 78,000
$ 11,700
$ 90,000
$ 9,000
$ 6,000
$105,000

* Engineering and Design
** Supervision and Administration
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TABLE II (Continued)
DETAILED COST ESTIMATE

Account
Number Quantity Unit Unit Price

C. COST-SHARED RECREATION

Initial
Total Cost

Watana - Site D
CWatana Creek - Access

by Boat & Trail Only)

Camp Units (Tent Camp) 14

2-Vault Toilets 14

10 ea $ 1,800 $ 18,000

2 ea $ 2,000 $ 4,000

Total $ 22,000
Contingency - 15% $ 3,000
Total Direct Cost $ 25,000
E&D - 10% $ 2,600
S&A - 7% $ 2,000

Total $ 29,600

Acres Unit Cost Total--
SITE A 40 $600 $ 24,000

SITE B 600 $600 $360,000

SITE C 100 $600 $ 60,000

SITE D 40 $500 $ 20,000

SITE E (Trail System) 50 $500 $ 25,000

Administration Costs L.S. $ 11,000

TOTALS 830 $500,000
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, BENEFITS

STANDARDS

The Water Resource Council's revised evaluation standards pUblished
in the Federal Register. Vol. 38, No. 174, 10 September 1973, require
that in determining benefits for recreatiqn,a single-unit value be
assigned per recreational day. The value assigned should reflect both
the quality and variety of activities·'offer,ed. This value represents
benefit of the activity to the individual, based somewhat on difficulty
and expense of the activity (e.g., big-game hunting would be assigned a
higher value than ·hiking). Two classifications for an outdoor recreational
day are given for eva1 uation purposes.:

Range of· Unit Values

General
Specialized

$ 0.75 to $2.25
3.00 to 9.00

General activities would be such things as viewing the sites, visiting
the information center, and walking short distances; more specialized
activities, camping, boating, use of trails, etc.

INITIAL BENEFITS FOR RECREATION

In this study area a variety of general and specialized recreational
values are possible, given facilities and access by road, trail, and
water to both pools; and facilities for camping, picnicking, sightseeing,
boating, hiking, and other trail-related activities. The specialized
values are enhanced opportunities to gain access to back country for
hunting, fishing, photography, or viewing the scenery. Value of a
recreational day within the study area is estimated as follows:

Genera1 Recrep_ti on: Seventy percE!nt of the total annual vi sitati on is
considered to be of general nature and is valued at $2.00/day.

Specialized Recreation: The remaining 30 percent is classed as specialized,
with an estimated value of $8.00/day.

Thus annual recreational benefits based on initial visitation are:

77,000 x .70 x 2.00 = 107,800
77,000 x .30 x 8.00 = 184,800

Total $292,600

Fish, wildlife, and other recreational benefits have not yet been
fully evaluated. When the project is authorized by Congress, additional
studies will further evaluate these resources as a basis for determining
losses and gains to fish and wildlife and other recreational resources.
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RECREATIONAL BEiJEFIT/COST ANALYSIS

CONSTRUCTION COSTS

Recreational costs for the selected plan consist of those for
recreational facilities, recreational land, and land-related adminis
tration, as shown in the following table •.

Facilities 1/ $45,750
Land 45,000
Administration 2,000

ITEM·

Total

WATANA

$92,750

DEVIL CANYON

$ 598,850
444,000

9,000

$1.051,850

TOTAL

$ 644,600
489,000
11,000

$1,144,600

1/ Includes E&D and S&A.

Interest during construction is computed as simple interest on
construction costs from the estimated date of expenditures to the
appropriate project completion date. The construction costs and interest

during construction for post-1986 expenditures are discounted to the
Watana completion date of October 1986. The appropriately discounted

construction and interest costs are summed to give the recreational
related investment cost, as shown below.

YEAR

1981
1982
1983
1984
1985
1986

EXPENDITURE

$47.000

46,000
$93,000

WATANA

ACCUMULATED EXPENDITURE

o
$47,000
47,000
47,000
47,000
47,000
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INTEREST

$ 1,440
2,880
2.880
2,880
2.800
4,290

$17 .250
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Construction Cost (PW--Present Worth)
Interest during Construction (PW)
Recreation Investment Cost

YEAR
,

1985
1986
1987
1988
1989
1990
1991

(PW)

EXPENDITURE

$ 453,000

$ 599,000

$1,052,000

($ 781,500)

DEVIL CANYON

ACCUMULATED EXPENDITURE

o
, $ 453,000

453,000
453,000
453,000
453,000

1,052,000

INTEREST

$ 13,870
27,740
27,740
27,740
27,740
46,080
64,440

$235;350

($174,830)

$ 874,500
192,080

$1,066,580

OPERATION, MAINTENANCE, AND REPLACEMENT

Annual operation and maintenance costs for the recreational
facilities are estimated to be $45.000, while the cost of replacement
of recreational facilities over. the 100-year project life is estimated
at $55,000 annually.

ANNUAL COST SUMMARY FOR RECREATIONAL FACILITIES

Interest and Amortization
Operation and Maintenance
Replacement

Total Annual Cost

BENEFIT-TO-COST RATIO

$ 65,000
45,000
55.000

$165.000

Based on annual costs of $165,000 and annual benefits of $300,000
(rounded), the BIC ratio for recreation is 1.8 to 1.
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United States Departmentof the Interior
8UREAUOF LAND MANAGEMENT

Anchorage District Office
4700 East 72nd Avenue

Anchorage, Alaska 99507

IN REPLY REFER TO:

1789 (110)

JUL 1 5 1975

Mr. Henry Nakamura
Department of the Army
Alaska District
Corps of Engineers
P. O. Box 7002
Elmendorf AFB, Alaska 99510

Dear Mr. Nakamura:

Impacts of the proposed Devils Canyon, Watana Creek and Denali hydroelectric
power project on BLM lands, resources and programs is difficult to
access. The information necessary to do a thorough analysis of these
projects, simply isn't available. The reports of the impacts on the
various resources drafted by our staff, briefly summarizes the basic
data that is available, recognizing that more detailed information is
necessary.

Management of the recreation activities which would be generated by
development of the proposed projects will also be an important con
sideration. If the l~nds adjoining the future reservoirs go into
private ownership, the on-the-ground recreation management responsi
bilities may better be handled by an agency other than the BLM; the
State may be a gOOd choice. However, in order to insure public access,
it is strongly recommended that the BLM, through whatever means pos
sible, retain ownership of public access points to the lake. The actual
management, operation and/or ultimate ownership could rest with another
public agency after-a more detailed cost effectiveness analysis were
undertaken. Naturally, if the adjacent lands remain in Federal ad
ministration, we would be interested in developing and managing a
recreation program. With the present land status situation, it is
impossible to determine whether or not the adjoining lands will remain
in public ownership.

A more thorough analysis will be made during the impact statement, review
process.

f I Sincerely, •

iYf}tMI1 ~;".1fU
Donovan i gst
Acting D trict Manager

712



))I~I·AUT~II~NT 01(' N.i\.TUIlAI.. IU~SO'JnCnS
DIVISION OF PN{KS

. April 4, 1975

RE: 2425

Colonel Charles A. Debelius
Corps of ~ngin~ers, Alaska District
Department of the Army
P. O. Box 7002
Anchorage, AK 99510

Dear Colonel Debelius:

JAY S. HAMMOND, Governor

323 E. 4TH AVENUE
ANCHORAGE PP501

Reference is made to your letter of March 18, 1975 and our response
dated March 19,'1975 concerning the cooperative aspects of the planning
and development of a recreation program for the proposed Devil's Canyon
Hydroelectric Project and related impoundments. This letter will serve
as a declaratid'n of intent on our part to provide the necessary local
participation at said project, as required under the Federal ~~ater

Project Recreation Act, Public Law 89-72, to the extent set forth
hereafter: The State of Alaska' would:

1. Administer project land and water areas for recreational
purposes.

2. With legislative approval, contribute in kind. pay, or repay
with interest, 1/2 of the separable cost for recreation· facilities
and specific recreation lands, in accordance with the Federal
l~ater Project Recreation Act of 1965.

3. Operate and maintain said recreation facilities.-·'·-

At this very preliminary stage of planning, we recognize that the
proposed. projects have the potential for fulfilling a portion of the
significant deficits of recreation facilities within the Southcentral
and Interior regions of Alaska. Furthermore,' we recognize the very
general and tentat~ve nature of the recreation program identified here

'with respect to co~gressional authorization for further study and
. . /

funding, and the capability of future state budgets to support such
endeavors.

It is our understanding that more definitive 'recreation area and site
planning would follow project· authorization by congress, and based on
this, formal contract agreement could become possible between our
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respective agencies. Furthermore, It is our understanding that this
letter of intent does not bind the State of Alaska to any future formal
contract agreement with the Corps of Engineers.

Due to the very limited staff of the Division of Parks, we can provide
only limited comment and input during this pre-authorization stage of
planning. However, if authorized, the project YJil1 be of great interest
to the state and at that time we would WiS~l to discuss a formal recreation
contract agreement.

Sincerely,

~'lil .iam A. Sacheck
Director

cc: Guy R. Martin, Commissioner
Department of Natural Resources
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