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Honorable Jennings Randolph 
Chairman, Committee on Environmental 

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

Dear Mr. Chairman: 

JUN z 6 197! 

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 Susitna River Basin, 
together with a supplement and its associated correspondence dated 
February 1979. The report and the suppl@ID.ent 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 Secretary 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 for 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. 

1 Encl (3 Vols) 
As stated 

Sincerely, 

;/J~ 
Michael Blumenfeld 

Assistant Secretary of the Army 
(Civil Works) 

.... ~· 
Vlll 



COMMENTS OF THE OFFICE OF MANAGEMENT AND BUDGET 

EXECUTIVE. OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BU.DGET 

WASHINGTON. O.C. 20503 

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

Dear Mr. Secretary: 

June 25, 19 79 
J 

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 
ccilllllli tment, however, can be made at this time as to when appropriations 
would be requested for the project since this weuld be subject to 
review in the President's annual budget process. 

/" 
s · ce,~J¥-r-v 1 

Associate Director for 
Natural Resources, 
Energy and Science 

;,. 



,LE'ITER TO THE •OFFICE OF MANAGEMENT AND BUDGET 

DEPARTMENT OF THE ARMY 
OFFICE OF THE ASSISTANT SECRETARY 

WASHINGTONY D~C. 20311l 

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, 
engineeting and enviton.mental resoU:tce studies, and economic- analyses to 
address the concerns express'ed in your letter. Ai:tached, in duplicate, 
is a Supplemental Feasibility Report wh,ich 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 Supplemental Feasibility 
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 

Sincerely, 

4~ umen~.:r.Y 
Assistant Secretary of 

(Ci\111 Waeics) 
X 

Army 



... COMMENTS OF THE OFFICE OF MANAGEMENT ANO BUDGET 

EXECUTIVE OFFICE OF THE PRESIDENT 

OFFICE OF MANAGEMENT AND BUDGET 

wAsHJNGT9N, D.C. 2.D503 

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 Susitna River Basin, to 
the program of the President. 

We have reviewedthe Susitna project in considerable 
detail. with stat'£ 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 fe~sibility study. 
We believe this additional work could. be completed over 
a 15-month period at a cost of approximately $3 .M. 

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

Enclosure 

'Z'Ffi.JL 
E~~ Cutler. 

· Assoc'ia te Director for · 
Natural Resources, 
Energy and Science 

.xi 



Enclosure 

Susitna Project, Alaska 

.Th:e:re are a number of ·areas whe:re addi tiona 1 information 
on .the· Busitrra Project .is needed to. pr.ov.ide an adequate 
basis. for asse·ssing .its engineering and economic £easibility. 
Thes·e· 'areas ·are as follows·: . 

1) Watana·.site .. geology and te:st ·.borings 

. The. cost estimates for Watana have been .derived 
without :benefit .of any .te·st borings :at the Watana 
Site. .This is a departure from standard Corps · 
practice, which ·calls for exploratory dr.illing .at . 
all sites be.fore pio.j e.cts are propo.sed for authoriza
tion. .Te.st borings would provide ln:o.re reliable 
data on whfch to· base ·:cost .est'imate.s and on which · 

. to: asses·s any potential ·.seismic probT.ems. The· 
Watana Site is ·Located near. the· Susitna fault and 
also within: 50 miles of the Denali fault - an area 
whe:re· major earthquakes have occur.red in .the past. 

2) Coiitingeiic)" list'imates 

A standard 20% co.ntingency facto.r was use!! in 
arriving at cost .estimates. A contingency of 30% 
could .reS:ul t .in .reducing .the: .beiiefi t . .cost ratio to 1. 
A larger .contingency factor. could .reduce .the ratio 
below unity.. The .re.cently completed Snettisham 
project in Alaska cost .36%- mo.re than original 
es.timates, after correction for inflation. 

A .review :of .the ZD% ·contingency factor .should .be 
undertaken, in light of the. bes·t existing in
formation on comparable pio.j ects and proje.ct 
locations. 

3} . :Area Rede:ielOpmeilt .Benefits. 

These .benefits are a .corr.ec t.ion for the use of 
Othe·rwise· unemployed labor during ·construction. 
Though standard procedures .permit this benefit ·. 
ca.te.gory for powe·r· pro.j ects., .it wou.ld seem .that 
such benefits should not be accepted in the 
Susitna Re.port because pr.ivate development. for 
power purposes would produce equivalent benefits. 

An evaluation of th:e validity of .the use of :ARA 
benefits .. in ·.the· Susi tn:a Report should be made. 

xii 



. 4). · Constructi.:bn Schedule 

The .11 year construction schedule for .the Watana 
J>I'oject,. based on preliminary ins.pection of comparable 
projects.; appears to: be. :on the short side. A longer 
schedule of 14 years appears more reasonable because 
of (l) normal slippages and (2} a three. year peak 
construction schedule .that calls for mo.re work to 
.be 'put in place on a sing1e site .than the Corps has 
ever accomplis.hed in similar time periods. This 
should be reexamined and .its .. effects on .the project 
B/C ratio. calculated. 

5) Supply Estimates 

The analysis of .the without project .condition needs 
to be expanded considerably to. clear.ly ana.lyze: the · · 
following: 

1. Why, with 'natural gas pr'ojec ted to be in 
such short supp.ly', .. the' Ancho·rage .utilities 
have on.ly contracted for. 55%' of proved re
serves or- -2 5% of estima.ted ultimate reserves. 

2. The .sensitivity: of .the analysis to. the 
collapse of OPEC and .the co.st of .shipping 
oil to: the East Coast; · 

3. The necessity for an Anchorage-Fairbanks 
intertie .at a co.st ·of $20U-300 M. 

4. Scheduling of powerplants. and .the reduced 
risk of building small increments. 

6) Demand Estimates 

The analysis of load growth should .be mo.re specific 
with resp:ect :to: · 

1. Increasing use by consumers; and, 

2. Increasing numbe.r of consumers. 

3. Industrial growth,· i.e. , where does Alaska • s 
comparative advantage .lie outside the area 
of raw mate-rials and:·gover'nment functions? 

xiii 



7) Sensitivity Analysis 

Po.wer .. demand should be sub.jec.ted. to a .sensitivity 
analysis to better assess the uncertainties in de
velopment of such a lar.ge block of power. The 
typical utility invests on .the basis of an 8-10 
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 .that 
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 adverse effect on the project's 
.ec on om ic s . 

xiv 



: COMMENTS OF THE GOVERNOR OF ALASKA . •. . ..... I 

.JAYS. HAMMONO 
GDVI!:A,NDR 

STAT,E OF ALASKA 

OFFICE OF" THE: GDVEF!NDR 

JUNEAU 

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

. Washington, D.C. 20314 

near t t. General Morris : 

November 17, 1976 

Reference is made to your letter of July 9, 1976, informing me that a 
copy of your proposed Southcentral Railbelt 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 coricur 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- · 
economic a.nd t·echriical 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 assure that assessments are answering those points raised in 
the task force report and to insure that the information developed will 
be adequate on which to base future State recommendations. 

Thank you for the 
comments. 



. COMMENTS OF THE DEPARTMENT OF THE INTERIOR 

'United States Department of the Interior 

PEP ER-76/692 

OFFICE OF THE SECRETARY 
W ASHlNGTON, D.C. 2024{) 

Dear General Morris: 

29 October 1976 

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 1 Report 

We have no objection to your recommendation for authorization 
of the phase I design memorandum stage of advanced engineering 
and design for the project. 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
siderati9n 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 the phase I planning effort. Among other things, 
the Fish and Wildlife Service recommends that .the preserva
tion, propagation, and management 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, "Biologlcal Study Proposals Relating to Hydroelectric 
Development of the Upper Susitna River Basin;' 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 project .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 not apparent 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 consul ta.tions with land managing eritit ies. 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. 
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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.tbat 
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 al tern.atives. 

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. 

xviii 



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, betw.eeri our· two departments con
cerning water development in A·laska, the Columbia River Basin, 
and the Missouri River Basin. · 

Technica'l 'A)?)?'end'ixes 

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-3 9,_ 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. 

Page.H-44, Table 8. A total figure for losses for each plan 
should be gi veri. 

We have some questions on Appendix I, Part .1, principally 
concerning the Corps' modification of the Bure.au of Reclamation's 
feasibility design for th.e 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. · 
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Revised Draft' Eit:Y:ir6n'rrie'ht'aT Trrip'ac:t· :S:t'at'errie'nt 

General Corrirrietits 

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 Dep·artmerit 
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 Corrirrients 

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

Page 7, Section 1.03 .. Descri~ticin.6f 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 pre6onstruction 
planning stage. Th.is 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 indicat'e 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 l~s1stan~ 

Lt. General J. W. Morris 
Chief of Engineers 
Department of the Army 
Washington, D. C. 2031~ 
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LETfER TO THE SECRETARY OF THE INTERIOR · 

l'tEPI..YTO 
AT'T£NTIOH 01""4 

DAEN-CWP-W 

DEPARTMENT OF THE ARMY 
OFFICE Of'" THE CHIEF OF_ENGlND!RS 

WAsHtNGTON, D.C.. ZD:sU 

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

Dear Mr. Secretary: 

8 Febrtiary 1977 

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) authoriz·es 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 including fish and wildl:l.fe as a project purpose. 

The status of land within the ltmits of the alternative tranmnission 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, 

~1-l/ 
R. C. MARSHALL 
Major General, USA 
Acting Chief of Engineers 
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COMMENTS OF THE DEPARTMENT OF COMMERCE 

JG' September 1976 

UNITED STATES DEPARTMENT OF COMMERCE 
The Assistant Secretary far Policy 
Washington, D.C. 20230 

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. M1ll1ga 
Deputy Assistant ecr tary 

for Policy Develo 
and Coordination 
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Department of Commerce Comments on 
Interim Feasibility Report, Southcentral Railbelt. 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 dur1ng 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 
lev.els could dewater sloughs utilized as spawning and 
rearing areas by the above mentioned a~adromous fishes. 
Dewatering could reduce water flows with~esultant mortality 
of eggs and prevent adult salmon from gaining access to 
spawning areas. · 
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Loss o spawn~ng an rear~ng areas ut~ ~ze y 
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 OF_ THE DEPARTMENT OF COMMERCE 

October 4, 1976 

UNITED STATES DEPARTMENT OF COMMERCE 
Tha Aaaiallanl; Sacrallary for Scianca and Tachnalagy 
Washington, D.C. 20230 

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. 11 The enclosed comments 
from the National Oceanic and Atmospheric Administration 
are forwarded for your consideration. 

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

Sincerely, 

_A O(rA~ 
(~~ller 0 

j 
II 

Deputy Assistant Secretary 
for Environmental Affairs 

Enclosure: Memo from Mr. Harry L. Rietze 
Director, Alaska Region 
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September 15, 1976 

u.s. DEPARTMEMF COMMERCE 
National Ocaanlu and Atmuapharil: Admlnlatratllln 

. NationaZ Mru-ine Fisheries serviae 
P. 0. Box 1668, Juneau, AZaska 99802 

FAK21/JB 

TO: EE, Office of Ecology and Environmental Conservation 

" ~_3(. ~~ p 291976 
THRU: ~ F3, Associate Director ~r Resource Management 

~o,<t:a~ 
FROM: J tfl, Harry L. Ri etze 

G 1 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. 

Comments 

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, dTep or incised watercourse during 
winter months, as indicated, there-could· 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. 

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 
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increased llDrtality. 3 Higher than nonnal temperature regimes 
can also affect the degree-day requirements of developing eggs 
and f:ry 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 Developnent, Upper Susitna River Basin, 
Southcentral Railbelt Area, Alaska Corps of Engineers, 
Interim Feasibility Report, page 67, paragraph 5. 

Z Preauthorization Assessment of AnadrollDus Fish Population 
of Upper Susitna River Watershed in the Vicinity of the 
Proposed Devil Canyon Hydroelectric Project. Alaska Department 
of Fish and Game, 1975. 

3 The Low-Temperature Threshold for Pink SalllDn Eggs in 
Relation to a Proposed Hydroelectric Installation. Bailey, 
Jack E., and Evans, Dale R., Fishe:ry Bulletin: Vol. 69, 
No. 3, 1971. 
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LEITER TO THE SECRETARY OF COMMERCE 

DEPARTMENT OF THE ARMY 
OFJI'ICE OF THE CHIEF OF ENGINEERS 

WASH"lN(;TQN •. D.C. IDS1. 

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

Dear Madam Secretary: 

8 February 1977 

This is in reply to the 30 September 1976 letter from·the Deputy Assistant 
Secretary of Co~erce 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 co~nts 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 atmply 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. 
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.... 
· 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 (IDC) 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. 

1 lncl 
As stated 

Sincerely yours, 

R. C • MARSHALL 
Major General, USA 
Acting Chief of Engineers 
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COMMENTS OF THE DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

I 
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON, O.C. 20201 

l5 September .1976 

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 DEIS 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 EIS. 

Thank you for the opportunity to review the document. 

69-736 0 - 80 - 3 

Sincerely, 

Charles Custard 
Director 
Office of Environmental Affairs 
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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 and 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 r,eports. 

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, approved ~tober 22, 1976. 

As proposed, the development would consist of the 810-foot high 
Watana Dam with an installed capacit-y 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 
~ith information supplied to the Federal Po~er Commission by the advisory 
committees involved in the Commission'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 per.cent 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 po~er loads that can be anticipated to 
occur within the Railbelt 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 kilowatt
year for dependable capacity and 5.98 mills per kilowatt-hour for energy 
~re 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 ~th 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 cos·ts 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 factors as height of dams, size and number of 
units, or provisions. for future u~i ts. 

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 Railbelt 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 Conmdssion staff Will be available to work with 
your Department in resolving some of these issues. 

Sincerely yours, 

~pt;~ 
chard L. DunJ /" 

Chairman 
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REPLY TO 
ATTN Of: 

COMMENTS OF THE ENVIRONMENTAL PROTECTION AGENCY 

u.s. ENVIRONMENTAL PROTECTION AGENCY 

.REG I 0 N X 
. 1200 SIXTH AVENUE 

SEATTLE. WASHINGTON 98101 

lOFA - M/S 623 

15 October 1976 

Colonei George ·R. Robertson 
District Engineer 
Alaska District, Corps of Engineers 
Department of the Army 
P. 0. 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 condi tioiS in 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 erisure that the proposed mitigating measure 
(multi-level reservoir outlets) is adequate to ensure 
compliance with Alaska's Water Quality Standards. 

Because of this information 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 public.of our views on proposed Federal acti.ons 
under Section 309 of the c;:lean Air Act, as amended. 

We appreciate this opportunity to review your Revised 
Draft Environmental Impact Statement and would ~e·glad 
to discuss our concerns wJth you .at your convenJ.Emce. 
For additional information contact Dan Creventsen in our 
Anchorage office (907) 265-4~81 and/or Dan Stein~orn 1n 
the Seattle Regional Office (206) 442-1595. 

Sincerely, 

Alexandra B. Smith 
Director 
Office of Federal Affairs 
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LETI'ER TO_ THE ENVIRONMENTAL PROTECTION AGENCY 

DAEN-CWP-W 

Ms Ale~andra B. Smith 

DEPARTMENT OF THE ARMY 
OFFICE OF THE CHJEF OF ENGiiNEt:RS 

WASHlNGTON, D~C. I.Dll14 

Director, Office of Federal Affairs 
Environmental Protection Agency 
1200 Sixth Avenue 
Seattle, Washington 98101 

Dear Ms Smith: 

8 February 1977 

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 
tbe 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. rhis 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 
Pbase I design memorandum studies. Results of these studies will be 
incorporated in Supplemental ~nvironmental Statements to the Final State
ment and will be coordinated with those agencies, groups and individuals, 
concerned with this project. 

xxxix 



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

Sincerely yours, 

~t-U 
R. c. MA.RSHA.LL 
Major General, USA 
Acting Chief of Engineers 
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INTERIM FEASIBILITY REPORT, SOUTHCENTRAL RAILBELT AREA, 
ALASKA, (HYDROELECTRIC POWER) UPPER SUSITNA RIVER BASIN 

REPORT OF THE CIDEF OF ENGINEERS, DEPARTMENT OF THE ARMY 

- I .. 
DEPARTMENT OF THE ARMY 
OFFICE OF THE: CHIEF OF E:NGiJNE£~9 

WA9~JNGTON. D.c,. 2.0314 

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 alternatives thereto, for the provision of power to the South
central Railbelt 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 
estimat~ 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-l/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 DDre detailed studies are· necessary 
to fully assess the engineering, economic and enviro~ental effects of a 
project of this scope prior to authorization of construction. The Board 
finds a need for additional power development in the Southcentnil 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 nDre detailed engineering, ec~nomic, 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 costs 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 desigo 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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LETTER Fn\oMITHE BOARD OF ENGINEERS FOR RIVERS AND HARBORS 

DEPARTMENT OF THE ARMY 
BOARD OF ENGINEERS FOR RIVERS AND HARBOflS 

KINGMAN EIUILCING 

FORT BELVOIR, VIRGINIA 22060 

DAEN-BR 24 June 1976 

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

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

1. This letter forwards the interlln 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 
as jor General, USA 

Chairman 
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REPORT OF THE BOARD OF ENGINEERS FOR RIVERS AND HARBORS 

DEPARTMENT OF THE ARMY 
BOARD OF ENGINEERS FOR RIVERS AND HARBORS 

KINGMAN BUILDING 

FORT BELVOIR, VIRGINIA 22060 

DAEN-BR 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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'j,'l, 3, Descr~tion, --The Southcentral Railbelt Area of Alaska is trian-
'1;111 gular m s pe, about 300 miles wide at the base along the Gulf 

11"1 of Alaska from Cook Inlet to the Copper River, and about 400 miles 
1

1

. ·,,
1 

high to the apex at Fairbanks. It encompasses the Cook Inlet, the 

1
• ',: 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, al).d 

·1'1 have about 75 percent of the State's total population. The Alaska 
.:,j 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 

.j 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 investigationbf iilterhatives to provide electric energy for the 
Southcentral Railbelt Area of Alaska. other problems and needs· 
are identified and accommodated to the extent possible. Because of 
its location and its function as the center of trade and 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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be about 4, 0 billion kilowatt-hours in 1980, 7. 6 billion kilowatt-
. in 1990, and 15,0 billion kilowatt-hours in the year :woo. In 

. ·addition to the projected need for additional ele.ctric ene.r&"Y• there 
'\;z.e expressed needs for flood control, recreation, mumc1pal water 
~supply, irrigation, and navigation, 
l•· 

6 Alternatives considered. --The District Engineer considered a wide 
~nge of alternative electric energy sources. These included the con
~tmtipnal methods of energy generation such as thermal-electric plants 
'f'ueled by coal, oil, natural gas, and nuclear, and development of 
fo1ydroelectric potential. The less conventional methods considered 
'were wind, tidal, geothermal, or solar energy. He found that the 
:Gt)llventional systems are presently economically feasible. Further 
'consideration of these alternatives indicated that, at the present 
;tj,roe, it would be in the State and Federal interest to reserve the 
:use of oil and natural gas for other critical purposes. Comparison 
'i:Jf the coal-fired thermal-electric plant with development of hydro
J:ei.ectric 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~~~M~~TI~Fc;~·~-~~-~T.~!he District Engineer finds that the most 
C; would consist of two dams and storage 

1t;e;se:rv•oirs with electric power generating facilities located on the · 
JJ~lpe:r Susitna River. The plan also includes a power transmission 
;systE~m with necessary substations to deliver the energy output to 

}}mc:hc•ra.ge and Fairbanks and other intermediate areas. The Watana 
at river mile 165, would be an 81 0-foot high earthfill structure 

• tw~th power facilities providing dependable generating capacity of 
· J98, 000 kilowatts, and would be constructed first. The Devil Canyon 
J?.a;m. to be located at river mile 134, would.be a 635-foot high concrete 
structu.re with power facilities providing dependable generating capacity 
;of 684, 000 kilowatts. Construction of the project is scheduled ·so that 
NW entire system can be operational at the end of a 10-year construction 
(period.. The completed project will provide 6, 1 billion kilowatt-hours 

firm energy. and an additional 0. 8 billion kilowatt-hours of secondary 
.·.d;me:r!1'V, all of which will be capable of meeting the Railbelt Area's 

power requirements projected to about I996, The project will also 
. •provide minor flood control benefits to the Alaska Railroad and lake
·§lriemtect recreational opportunities to the .entire Railbelt Area. 

Economic evaluation.--Using January 1975 pr,ices, the District 
cost of the project at $1,531, 800, 000, 
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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 Engineer 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 fleld investigations designed primarily to establish the need 
for and economic justification of developing the hydropower potential 
of the Upper Susitna River 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 
1 

factors, such as national defense, climate, and resource development, 
I' and has been subject to periodic fluctuation. There is a division of 
ll sentiment between those who encourage maximum economic development, 
~: I 

.I 
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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 revennes to develop its 
abundant natural resources. Some of the resources available for 
development are floride, tungsten~ copper, iron ore, and zinc. Th·ere 
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. 
Any one 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
mized by 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, 
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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 optim.um utilization of the resources in the Upper Susitna 
River Basin and to provide the maximum contribution to long-term 
electric powe:r 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 toidentify 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 justij'ication, 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 {)f 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 Distr1ct 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 plle.\ent eleC!-t/Uc.aR. poW<!.!t ~y~tem o6 the Ra..U.belt all.e4 o6 South
c.e.YLtlta.l ~lza c.on6.i.6n p!Uma.l!il.y o6 n~Ltufta.t gcu. the~U!!al and tu.llb.Ote 
p.f..a.n.tA .i.n the Anc.ho1ta.ge M<!A. and wa.t-6.ilted the~U!!al pi.tmU .i.n the Fa.iltbanlu 
aJJ.e.a.. PoweJt demand, plleAen,t.iy Z billion /U.f.owaU-hoWLI> anrwo..e.ty, .ill · 
pMjec.ted to lte4c.h 5.5 b.UU.On /U.iowaU-hoUlLI> by 1980 and 15 billion by 
the yea~~. 2000. Th.i.6 demand c.ould be met th!tough expanded !Mie o6 niLtWta.t 
gcu., c.oa.t, and petltolewn; howeveJt, Jtec.ogn.U.ion o6 the Um.Ued ~upply and 
Mp-Ui Jtl1te o6 depletion o6 thue vila.l no)tlteneL~nble lte.\Owtc.u deman~ 
theAJr. c.of\6 eJtvtLtion and mo~t bene6Jc..i.a.l. IL<I e. 

Th.i.6 .i.n.te!Wn }..tudy .i.6 to detvun.i.ne the 6uu.Jb.UUy o6 p!tovid.i.ng . 
eli'.C!-t!UC'I1l eneJtgy to the Ra..U.belt Me4 tlvtou.gh the development o6 the 
lteni!IAXlble hyd!toelee!-t~Uc. lte.\owtee pote.n.t,ia.l o6 the UppeJt S!MI.U:na Ri.veJt 
Bcu..i.n • . The ~.tudy 6.in~ ~u.c.h development t~, ec.onom.i.C'D.Uy, and 
env.iltonmeJtta.Uy 6ecu..i.ble and j!MI.ti6ied. 

The JJtu.dy 6btM that the plan but ~eJtving the pu.blie .inteJteAt 
c.oM.i.6u o6 a .two-dam ~y~tem utUiz.i.ng the Wa.ta.na. and flevil Canyon 
d!uru..U:u neal!. milu 165 and 134, lteApec..tively, on the S!MI.Una Ri.veJt. 
The Wa.ta.na flam, to be c.on6.tlu.!.Ued 6fut, would be an 810-6oot-h,igh 
ea!Lth6ill JJ.tltu.c.tu.lle with a powe!!plant and app!Littena.nt ac.c.u~, t1LI1nlJ
m.i.ll~ion, and otheJt 6ac..i.lit)_u. The flevil Canyon flam would be a 635-
6oot-high c.onc.Mte th.in-aJJ.c.h ~tltu.c.tu.lle w.Uh a poweJtplant and a.ppWttena.nt 
6ac.U.U:iu. 

The ~y~t(!JTI, .inc.lu.d.Utg .Um.Ued v.b.itolt and lteCJLea..tion 6ac..i.lit)_u, 
would have a piWjec.t c.o~t o6 $1,520,000,000, and. p!tovide 6.91 billion 
llilowa.tt-hoUlLI> o6 eneJtgy anrwo..e.ty. Annua.£ w~u o6 $104,020,000 would 
be exc.eeded by annu.a.l bene6~ o6 $137,816,000, and would give a bene6.U:
to-c.o~t 1ta.tio o6 1. 3 M c.ompaJLed to a c.onve.n.tiona.t c.oa.t-6ilted genelta.tion 
alteJtna.tive. 
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. SOUTHCENTRAL RAILBELT AREA, ALASKA 
HHERI~1 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 Southcentral 
Railbelt area of Alaska and because of the increasing national concern 
over the rieed to conserve the nation's nonrenewable energy resources, 
the Conm1ttee on Public Works of· the U.S. Senate adopted a resolution on 
18 January 1g72 requesting a review of the feasibility·of providing 
hYdropower to the Southcentral Ra1lbelt 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, l9D2, 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-
1 ished 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, Alaska, published. 
as House Document Number 218, Eighty-eighth Congress; 
and other pertinent reports with a view to determining 
whether any modifications of the recommendations con
tained therein are advisable at the present time, 
with particular reference to the Sus1tna River hYdro
electric power development system, including the 
Devil Canyon Project and any competitive alternatives 
thereto, for the provision of power to the Southcentral 
Ra1lbelt area of Alaska."· 

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 reconmended 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 Rtver Basin in partial re.sponse to the Congressional 
Resolution. · · 

The study is a systematic examination· of the economic, social, and 
environmental conditions of the Rail belt. area as ·they relate to electrical 
energy needs and hydroelectric an.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 (NEPA), 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 Resource Council in 
1973. Findings of preliminary stud:ies completed are summarized and an 
evaluation of possible electricpower.generation a.lternatives 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 
Administration had the responsibility 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, Fish and Wildlife 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 Commission 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 



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 Talkeetn!l 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, HD 218, 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 11nd Kuskokwim River basins 
as economic conditions warrant. 
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5. Review of Interim Report No. 2, Cook Inlet and Tributaries, 
Part No. l, Hydroelectric Power, Bradley Lake, HD 455, B7th 
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 ecologkal problems. 

Department of the Interior Reports: 

1. U.S •. Bureau of Reclamation, A Reconnaissance Report on the Potential 
Development 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 Rec 1 ama ti on, A Report on Potentia 1 Deve 1 opment of 
Water Resources in the Susitna River Basin of Alaska; August l952 

This report described the resources and potentia 1 i ties of the . 
Susitna River basin. An ultimate plan of development of hydropower 
resources for the basin·· was described, and included 12 major dllms. In 
the ultimate plan, the total powerplant capacity would be 1.249 million 
kilowatts, and would provide firm annual energy of 6.1B 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 dllm at the Denali site 
was proposed, where a larger reservoir could be created with a low 
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earthfill dam. Based on tne 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 
cons idera ti ons, 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 she 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_Commission for Alaska. It is the 
most comprehensive and up-to~date ·compendium of resource infonnation for 
the study area.) 

CLI~1ATE 

. 
Cook Inlet Subregion: At Anchorage, average annual precipitation is 
14.7inches, with half to two-thirds falling during·the period July 
through November. · The mean daily January temperature is + 12. 1 OF and the 
mean July temperature is +58.2°F. Record low and high temperatures at 
Anchorage are -38°F and +B6°F. · There are about 125 frost-free days per 
year with the last freeze in the spring occurring about 11 May, and the 
first fa 11 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 

. 29°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 
;:lowlands. Earth tremors are conmon, 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 99°F and -6SOF. The mean daily January temgerature is . 
about -16°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. 
Hoderate 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 theSusitna 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 'latanuska 
(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 2,000~square~mile drainage area. 

The low ground area within the subregion is generally free of 
permafrost, while permanently frozen ground may ex1st in the higher 
elevations: The. Kenai Mountains and the Aleutian and Alaska Ranges 
contain g,laciers. 

The Cook Inlet subregion contains Anchorage, Alaska's largest city, 
as well as the c01m1unities of Kenai, Soldotna, and Homer. lt also 
contains one of Alaska's important farming areas in the "atanuska~ 
Susitna valleys, with Palmer being the hub city. The subregion contains 
the "Railbelt," extending from the deep water ports of Seward and ~lhittier 
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. Hassive mountains, rising in altitude to more than 16,000 feet 
in th.e Wrangells support the largest ice fields and glaciers in tlorth 
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 tlountains, 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 perrna
frost, while the interior portion is underlain by discontinuous perma-. 
frost. Glaciers cover most of the higher peaks in the Wrangell 'lountains 
and nearly all of the crest .of the Kenai-Chugach Mountains, which 
separate the coastal area from the interior. · 
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Most of the larger co11111unities 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 tr1butaries. · 

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 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. 
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). 

F·ollowing is a description of the fishery resburces of the 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 Susitna River 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 avaJlable throughout the area, Salt
water fishing iri 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 subregion js mountainous; 
the fisheries habitat is characterized bymany 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 
1 arge are·a. 

Pink and chum salmon utilize the short coastal streams. Silver 
salmon spawn and their:fry develop 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 the many lakes of 
the .Copper River drainage. King salmon spawn in the upper reaches of 
the Copper River drainage. 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, 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 gra,yling, lake trout, and 
burbot. 

Tanana Subre!Jion: . 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 pfkeare 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 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 70,000have 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-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 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 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.worl.d's population of duslcy 
Canada geese, and may produce more ducks per square mile than any other 
known area in Alaska except the Yukori 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 4B 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 ana 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-ta i 1 ed grcuse,, and will ow, rock, and whi te-ta i 1 ed 
ptarmigan. 

WILDLIFE--MAMMALS 

Cook Inlet Subre~ion: Some of Alaska's densest black bear populations 
11ve on the Kena Peninsula, in the Susitna valley, and fn 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 ~kKinley .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 /·fountains. 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 ~1ountains 
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, 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. Tbey 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 ~lilliam 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. 

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 Subre~ion: Black bears live throughout ttie area. Grizzly bears 
are usuallyound in alpine-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 
A 1 aska Range, Mentasta-Nutzoti n ~1ountains, 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: Ther~ are approxi~ately 2.6 million acres suit
able for product1on of cult1vated crops 1n the Cook Inle,t-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. More 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 intensive use. Most of the area will 
require_ irrigatio!J fpr best results •. The gro)'ling s_eason 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 bthe cumulative total number of ~egrees 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 i11crease in elevation. These ta<:tors 
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 .fores.t lands. Woodland pastures are generally 
of marginal value •. The short grazing season.is a distinct disadvantage 
which may or may not be overcome by proximity of croplands. , 

Gulf of Alaska Subre~ion: Potential agricultural and range resources of 
the subregion are ma1nly 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 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 surrmer 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 7ooF or 
over, ·89 frost-free days, and 8.06 inches of sunmer 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 conmercial 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 
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 ~latanuska 

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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M the 6,362,000 acres of inventoried forest land, commercial and 
subcommercial forests occupy 4,004,000 acres and noncormiercial forests 
2,348,000 acres. The commercial forest land contains }.0 billion board 
feet (International l/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. 

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 m~aged. Regeneration appears to be adequate. In 
general, the trees reach maturity for harvesting in 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 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 is in Native village withdrawals 
and Native regional deficiency areas. The major acreage of forested 
land lies in Federal control. 

Two fores·t inventories w·ere conducted in the subregion; an ex ten~ 
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 River basin of which .1; 178,000 acres 
are commercial and subcommercial 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 subcommercial. 
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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 Forest lands is 103 million board feet (International 
l/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 1 oca 1 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 (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 s'pruce-hardwood ecosystem has the greatest area, 7. 3 
million acres. It is partly corimercial depending on the site. r-1uch 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, usually in muskeg area·s, and covers 5.,184,000 acres •. It should 
be considered noncommercial throughout its range due .to .small s·ize 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 commercia.l and subcommercial standing timber is 
about 6.2 billion board feet. About 5.2.billion board feetofthis are 
spruce and about '1.0 billio,n board feet are hardwoods (primarily-birch); 
The overall average gros~:volume i_'s 1,265 board feet/acre and the .to:tal 
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 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. . 

Several l!lills are currently operating in the subregion, some sporad
ically and some full-time. Most of the mills are small size and saw 
pr.oducts for 1 oca 1 use. 

MINERALS AND ENERGY 

cook· inlet Subregion: Mineral resources are abundant, and in the future 
wi 11 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 took Inlet basin 
may be as much as 25,000 feet thick. Reserves of 2.6 billion barrels of 
o11 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. 

Co a 1 resources are 1 arge and exceed more than 2-1/2 billion short 
tons •. 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. It. is high volatile bituminous in raJ:lk, and some have coking 

.sP,roperties .. The Anthracite Ridge contains s~mianthrac1te 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 
,!lange, w.here a volcanic belt is locally surmounted by volcanoes and .lava 
fields; some of the volcanoes are st111. 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. 
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Gypsum deposits occur on Sheep Mountain, about 50 miles northeast 
of Palmer. Reserves are calculated at 310,800 tons of indicated and 
343,000 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 with1n 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 i.ndicate 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 • 

. 1 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 William 
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 t1ountains. 
Other mineralized sites occur throughout the subregion. 

Tanana Subregion: Low potential for oil and gas exist 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 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 
and small quantities of s i 1 ver, 1 ead, 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 

P~pulation: Since 1930, Alaska's rate of population growth has exceeded 
that of the contiguous United States, and eventhat 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 ]g7o. 
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 TsimRshean 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 stuqy 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. l972. 
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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 Railbelt area population in relation to St~te totals: 

Stud~ Area Po~ulation 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 Po~ulation and Economy, 
all popu'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 •. ,The·next most important sector was trade followed. by the 
service sector. The following table provides a tabulation of Alaskan 
employment. · · 

LABOR FORCE SUMMARY - 1974 

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 
Retai 1 

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

Annual 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 • 1 00 
4,000 

171100 
. 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 
Medica 1 Services -
Other Services 

Government 
Federal 
State 
Local 

Misc. and Unclassified 

Source: Alaska Department of Labor 
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18,300 
2,500 

800 
3,000 

~ 3,800 
8,200 

43,800 
18,000 
14,200 
11,600 
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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, l972 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~~ita Personal lricome for Alaska 1 
Fa,r West Regions, and U.S. Average 

Alaska 
Perc~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 Business 

Published in: Alaska Statistical Review, Department of Economic 
Development, Supplef11ent to December 1972 Edition. 

Educatlon: Enroll!Jlent in primary and secondary 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 favorabl~ than the U.S. average. 
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ECONOMY OFTHE 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.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 ~xpansion is expected to 
continue .for at least five to seven years, supported largely by acti
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 of the 
report are taken from The Alaskan Econom~, Department of Commerce and 
Economic Developll)ent, Mid-Year Review, 1 75.) 

ALASKAN ECONOMIC INDICATORS · 

1970 1971 1972 1973 1974 1975" 

Total Hr~!iid~nt Populatiori 302.4 311.0 322.1 330.4 351.2 . 386.3 

labor t-=orr.c 108.2 115.9 122.9 129.6 148.9 176.5 
·Total fmploy'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 
Nurnlmr .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 ~' ~a!]e & Salary Paynlents- $.1,116.2 $1,283.7 $1,422.7 S1.546.8 . $2,078.0 $3,100.0 
~ 0 Total Pers0ni11 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 

~ Estimate!i ' . ' .. ( 

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

_ Prog·rr.m: ISEGR, UniverSity of Alaska; 1974 Gross Product -by Division of Economic Enterprfse; 1'975 Projection~ l1 
Divisipn of ~r.onomic Ente~prise. · 
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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 the following table • 

. MINERAL INDUSTRY INDICATORS 
!Value in Thousands of Current pollarsl 

Production 

Petroleum: Vatue 
Volume - 1,000 42 gal. barrels 

Naturnl Gas: ValtJe 
Volume- MMCF 

Sand & Gravel: Value 
Volume- 1,000 short tons 

Gold: Value 
Volumo- Troy Ounces 

Other Minerals: Value: • 

Total 

Employment 

PP.troleum Industry 
All Other Minerals 

Total Mining 

p Prelintiuary 

1971 

$257,562 
79,494 

$ 17,878 
121,618 

$ 32,806 
23,817 

$ 537 
13,012 

$ 14,040 

$322,823 

2,090 
340 

2,430 

1972 

$235,444 
72,893 

$ 18,463 
125,596 

$ 15,214 
14,187 

$ 506 
8,639 

$ 16,511 

$286,038 

1,792 
321 

2,113 

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

1973 

$261,877 
72,323 

$ 19,483 
131,007 

$ 19,913 
14,999 

$ 695 
7,107 

$ 26,821 

$328,789 

1,671 
296 

1,967 

1974 p 

$438,540 
71,540 

$ 29,668 
144,021 

$ 24,936 
18.740 

$. 1,318 
8,185 

$ 28,746 

$523,208 

2,586 
390 

2,976 

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.Railbelt vicinity. Further exploration of the Beluga River coal 
fields is anticipated, accompanied by related research on refinement 
processes. 

FISHERIES 

Of the world's 1.50 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 followfrig graph.' 
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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 VALOE TO THE FISHERMEN 
1960 - 1972 ' 

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

Salmon She 11 fish Other Fish Total 
~ !:.Qh Value [bs. 9aiue lbs. Value Lbs, Value 

1960 84.2 $11,734 36.1 $ 2,789 6.1 $ 603 126.3 $15,126 
1961 77 .o 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 1 o, 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 .o 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 fish~ries 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 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. The following 
graph indicates recent indus try trends. · 
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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. 

44 



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 following graph indicates recent trends. 
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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 •. Contracf 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 
agriculture production has been relatively static. Recent changes to 
more efficient and larger farms have put Alaskan agriculture in a more 
solid position, and the 'potentially ti'llable 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 Railbelt area, power is provided by several utility · 
systems as well as industrial and national defense power systems •... 
The following table provides a sulllllary of existing generating capacity 
as of mid-1974. 

SUMHARY OF EXISTING GENERATING CAPACITY 

Installed Capacity- 1000 kw 
Diesel Gas . Steam 

Hydro IC Turbine . Turbine Total 

Anchorage-Cook Inlet Area: 
Utility System 
Na tiona 1 Defense 
Industrial System 

Subtota 1 

Fairbanks-Tanana Valley Area: 
Utility System 
Na tiona 1 Defense 

Subtotal 

Valdez and Glennallen 

45.0 13.5 
9.3 

10.1 

32.9. 

32.1 
14.9 

'41.0 

6.2 

341.7 14.5 414.8 
49.5 58.8 

2.3 12.4 

344.0 64.0 486.0 

42.1 53.5 127.7 
63.0 77.9 

105.T 53:'"5 205.6 

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 f1W 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-f1r~d) provided 42.1 MW of power, and diesel 
genera tors 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 lg85 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 
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, 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 Railbelt 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 Railbelt area. 
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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({di~ements. The 
second sector examined is national defense requirements, and finally 
industrial requirements for resource extraction and pr.ocessing, new 
energy-intensive industries,,and heavy manufacturing are explored. 

Utilit~ System Requirements: Utility system load estimates were com
piledor 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 i~ the 1990's are 
considered to represent fairly rapid development of th, Alaska economy·· 
in those two decades. The lower range estimates are Cl·:·Jsidered 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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~·Industrial Re uirements: Industrial use (as defined by APA for purposes 
~·· 0 t 1 s ana ys s accounts for about 2 percent of the Rail belt area's 
t 1974 total power requirement .and is expected to grow to 19 percent in 
t 2000, according to the mid-raoge projection, This remains well beloW . 

the industrial share'nationwide. The jndustrial requirement is the most 
speculative aspect of the projection because it· is very difficult. 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, 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 forAlaska's f;ishery, 
forest products, petroleum·, natural gas, coal, and other mineral indus-

. tries, all premised on signfficant. identified resource pqtentials and on 
power needs .for similar developments e.lsewhere. Several qualifying 
assumptions were· made by ·APA to· adapt this study for use in the marketa-
bility analysis. ' · · 

1. Power r,equire111ents for fish processing indust~ies and. support 
services for i.ridustr:ia.l development are not Included, having already 
been addressed in the '1ut'il 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 1g9o, 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 · 

ESTIMATE: 

Higher Range 
Likely Mid-range 
Lower Range 

(Percent) . · 

1974-1980 

12A 
9.6 
7.5 

1980-1990 

20.2 1/ 
6.7 
5.8 

1990-2000 

3.0 
7.0 
4.0 

l/ This high rate is caused by the assumed introduction of a 2500 MW 
- nuclear fuel enrichment plant as an example of a possible larg~ 

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 g~aph 
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, co11111ercial. light industrial, and industrial 
support services needs. Industrial requirements are comprised of 
resource extraction and processing, new energy-intensive industries, 
and heavy manufacturing. 
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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 
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 probable 
future increases in Alaska energy costs. 

Population Assumptions: APA's population assumptions, based on a ~ide 
range of State and ¥ederal 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 ~1AP 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 r1AP 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 r~P 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 
~ - - -

Actual 226 302 386 (est.) 
3 percent Growth (Alaska P~wer 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. 

Economic Ac 1vity Assu,tions: With regard to economic activity, the 
~1 mo e r"'ees with A A's assumption of steady economic growth fall owing 
the present boom period. To 1980, gross product is projected by the HAP 
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 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 
necessifymore 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 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 balancing 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. 

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 1s 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 11
, 

including prevention of further population growth, prevention of addi
tional industrialization, and cessation of expansion of urban 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 ·formulation 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 multiobjective 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 Standar'd"s for .Planning Water · 
and Related Land Resources, Water Resources Council, 38 FR 24778-24869, 
lO 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 Railbelt area as 
directed by the authorizing resolution; 

area; 

area; 

To 

To 

To 

To 

To 

control flooding and reduce fl6od damages in the Railbelt area; 

reduce or prevent air pollution in the Railbelt area; 

preserve, conserve, or enhance fish and wildlife in the Rail belt 

provide increased recreational opportunities within the Railbelt 

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 cari 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 
Nuclear 
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 contai~s coal reserves of at least 2.3 billion 
tons or, energy-wise, an equivalent 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 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. 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 
pla~ts 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 conti nu
ation of economic advantage it now enjoys. There appears to be some 
en vi ronmenta 1 advantages to the continued use of natura 1 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 sometime 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 s.olar 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: I·n 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. 

Intert1e: Instead of producing the required power in Alaska, excess 
power from Canada and/or the 11 Lower 4811 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 for 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: Southeasti Southcentral i 
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-RamRart Can~on: The proposed site for the Rampart 
Canyon Dam is on the'ru\on Wfver, approximately 140 miles northwest 
of Fairbanks, Alaska. The project has one of the largest hydroelectric 
pqten:tials in North America. The plan would include a reservoir with 
a water· surface area of approximately 10,600 square mile.s. 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, the projected adverse environmental impacts on fish 
and wildlife in the Y~kon Flats are of such magnitude as to rule out 
project authorization up to this time. This alternative far exceeds 
the,. projected power needs of the Rail belt 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. 

· cogper River-Wood Can_xon Dam: The proposed site for the Wood 
Canyon am is about 85 miles' above the mouth of the Copper River in 
the Ghugach Mountains of southcentral Alaska. A 11 high dam 11 proposal 
would develop firm annual energy of 21.9 billion kilowatt-hours. A 
"low dam" plan would provide 10.3 billion kilowatt-hours of firm 
annua T 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 for this report. 

Chakachatna River-Chakachamna Dam: The site for the proposed · 
Chakachamna Dam is locate<fon' the Chakachatna River which drains into 
the west side of Cook Inlet approximatel~ 65 mi1es west of Anthorage. 
The facility would generate 1.6 billion k.ilowatt-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 11-mile 
tunnel for power generation~ The adverse environmental impact would 
be ~ubstantially less than from many 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.¥ River-Bradlet Lake Dam: The site for this proposed 
hydroelectric profec't is at Braal'ey 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 Southcentral Railbelt power 
system. There would be a minimum of adverse environmental impacts 
associated with this proposed project. 

This alterriative 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 theset the 5 damsites studied in the upper Susitna basin 
showed the highest potential. These studies showed the environmental 
impact from proje~ts in the Upper Susitna River Basin would not be as 
severe as those from other basins, and the firm energy potential could 
contribute substan.tial.ly to satisfying the needs of the Southcentral 
Railbelt area. Eight hydroelectric plans for hydroelectric development 
of the Susitna Ri.ver basin were studied for this report. These include 
three single dams, two two~dam systems, a three-day system, and two 
four-dam systems.·, as follows: 

S.i.ngl e Dam_!: 

Devil Canlon: The possibility of a single dam develop- , 
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 
finn 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 report 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, rockfill dam located about five miles upstream from the 
proposed Devil Canyon site ·would provide 3.2 billion kilowatts of average 
annual ertergy. For comparison with the other proposals, this converts . 
to about 2.6 billion kilowatt-hours of finn 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 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 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 eff~cts 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 
earthfill 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 finn 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 plu~ 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-Denali: This system would add the 
54,000-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 Canxon-Watana-Vee-Denali: 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 the Watana 
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 1: T e September 9 4, Henry J. Ka1ser ompany s 

report a so propose 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 1), but in effect proposed a low dam 
(Susitn~ 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 Denali. 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 b~sin 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 pl~ns 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 p 1 an to be considered for in it i a 1 deve'l opment must 
be technically feasible. 

National Economic Development Crite~ia: 

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 100-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. 

71 



Environmental Quality Criteria: 

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

The use of a systematic approach to insure integratfon 
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 "without11 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.structi ng 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 i.s 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 pr.ivate 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 tFansmission 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 

In it i a 1 (c. 1 980) 2-75 mw 3-150 mw 
Final (c. 1995) 4-75 mw 8-150 mw 

Tota 1 Capacity-Final 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 Tota 1 155 441 585 

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 
tons of coal in seams over five feet thick and under less than 1 ,000 
feet 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.l/ Thus, among the three 
districts, there appears to be sufficient stripable 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.l. The higher lands are generally alpine tundra. 
As a result, the majority of the area is classified as fall and winter 
moose concentration area.· Dall sheep range extends on both sides of the 
valley and along 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-mile-wide 
band of wet tundra. Next, there is a 10-12-mile-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.~ 

T{CoaT-ifesources of Alaska, Geological Survey Bulletin 1242-B, 1967. 
~ ~laska's Wildlife and Habitat, Alaska Department of Fish and Game, 1973. 
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;Thus, at either locale, the ~estruction of the vegetat1ve cover and 
l~nd disturbance wbuld be, acre for acre, destruttion 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 wildl1fe 
habitat, the coal alternative would have a range of other environmental 
impacts. The mining and hauling nf 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 probabi 1 ity that sediments caul d not be prevented from 

· reaching the streams and being carried into the major rivers where the 
increases i.n turbidity could be expected to have adverse effects on fish 
pop~lati6ns~ 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 adv~rse 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 av,~,id thermal pollution, but at a substantial 
increase in the costs of13 the 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 wa~tes, thus increasing 
the bulk of these spoil ridges or could be disposed on other lands. 
Either method wo~ld 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. 

1 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 
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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Railroad and t<@e 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 h1k1ng 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: 

Power 
Recreation 
Flood Control 
Area Redevelopment 

Total 

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

9,373,000 
$137,876,000 

The benefit-to-cost (B/C) ratio is 1.3 to 1. 
"Net annual benefits are $33,856,000. 

The system would have an average annual energy output of 6.91 
billion kilowatt-hours and a firm energy output of 6.10 billion kilo
watt!"'hours from an installed capac'ity of 1,394 MW. The projected 
entrgy 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 

0 the range of 13,000 to 27,000 cubic feet per second ' ( cf s). For ~ovember 
through April, the average daily flows range between 1,000 and ~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. 
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Regulated Unregulated 
Month cfs cfs 

January 9,896 1,354 
February 9,424 1 ,137 
March 9,020 1,031 
April 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 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 11 gl aci a 1 
flouru (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. 
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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 warmer 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
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 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 28-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 s 1 oughs surveyed were 
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appreciably dewatered from the summer/fall state. Also, a number of 
coho fry w~re captured 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 Proposed Moran Dam on the Fraser River, some or-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 ~lso· 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 ~ 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 vary1ng 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 
fairly deep and narrow river canyon. Watana reserv'oir would lie 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 
Talkeetna Mountains. Calvinggenerally takes place during 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 th~n 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 
pattern~ 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, ~nd 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 lines, 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 1s 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 mammals, whose territories 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-mile 
basin, especially the lands directly impacted by this alternative, to a 
fewhunters, 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 i~ 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 with 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 
recreationalopportunities 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. 
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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 
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 of 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 facilities. The 
projected recreational program would provide for an estimated 77,000 
use days of recreation, 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 
ll 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 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: Th~ 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 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 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 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 H1ghway 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 vehicl.e 
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 incl uae the bui1aing 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. 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 
pollutiotl 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 ~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 impactsi environmental enhancement 
could be considered where feasible. · 

Workers' Facilities: No communities within commuting distance of 
the proposea 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 controiled 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 
il scenic resource values within the project area. Good landscape manage-
11 ment practices would add substantially to the recreational experience of 
! the project visitor. 

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

f Cook Inlet gas is a clean fuel that causes few serious air pollu-
li tion problems at the present time. The existing gas turbines have very 

II low efficiencies and give off visible water vapor emissions during the 
1
1 colder winter months. Also, nitrogen emissions could be of significant 

11 concern for any proposed larger gas-fired plants. 
!l 

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 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 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 constructed using substan
tial labor and material from the Anchorage-Fairbanks area, it would have 

·a more moderate effect on local conditions durirfg construction of the 
project and would help to stabilize economi,c..'".eonCtitions during 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, ~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 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 unti.l 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 1 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 1 belt 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 
earthfill 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 B/C ratio is 1.3 to 1. 
Net annual benefits are $29,611,000.' 

90 

$133,922,000 
300,000 
50,000 

10,905,000 
$145,177,000 



. 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 ins't;alled 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 1 

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 pla~. 
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 lln-140 feet, providing a less favorable 

·environment. Stocking of Denali reservoir would probably be nonbene
~icial 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 ~xpected to develop. 
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Recreation: The Denali reservoir could have significant adverse 
impacts on present recreational uses made of th~ 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 Ee 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 ror 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 Dena 1 i Dam and reservoir. with the Denali Highway. 
crossing the dam 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 Poll uti on: Except for the short-term effects of construction 
activ1t1es at Denali Dam, the effects of the three-dam system would be 
identical to the two-dam system. 

Soci.al: 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, earthslides should not be of conse
quences. 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 
in the overall cost of what would otherwise be a relatively sinall dam. 
Erosion of the thawed shoreline would not contribute significantly 
to sedimentation of the reservoir. It is estimated that all of the 
100-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. ·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 54,000-~cre Denali reservoir. 

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

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

Devil Canyon-Wat~na-Vee-Denali: This alternative would consist of the 
previously described dams at Devil Canyon and Denali with a lower (51~ 
feet vs 810 feet) earthfill Watana Dam and a 455-foot-high earthfill 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 B/C 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 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 million tons per year from the 3.5 million tons 
pE!r year of the three-dam system, the difference being the entrapment of -,., 
Vee reservoir. All, other downstream water quality effects would remain 1 

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 f}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 40-60feet. 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 

reservo.ir 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 
res.ervoir systems should prove to be a. barrier to traditional caribou 
migrat1on 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 ~auld 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 in~rease 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 Archaeolo,ical Sites:· 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 a_rea 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 
coi1JT1uniti es ,toul d absorb the project workforce. Commuti n~ distance from 
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 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 11 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. Tfese would be additions to the downstream effects 
described for the--ottter systems. · 

Air Pollution: Except for the short-term effects during construc
tion or 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 theincrease 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 addi tiona 1 pennanent 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 wou1a 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 sjgnificant reser
voir sedimentation or slide-caused waves would be expected. Signifi
cant shoreline erosion w6uld be expected to affect·~bout 35 miles of 
the shorelinei for a few years until an equilibrium condition was 
reached. 

Response to Study Ob~ectives: The response of the Devi 1· Canyon
Watana-Vee-Denali hy ropower alternative to the study objectives is 

• summarized as follows: 

Power: Provides 6.88 billion kilowatt-hours average 
annua 1 energy. ~1eets the projected demand unti 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 of coal in 
Rail belt area. 

Fish and Wildlife: Direct loss 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 possibl~ 
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 
follow1ng table displays a sunmary comparison of the s1gnif1cant 
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, consists of a two-dam 
development on the upper Sus1tna River. The Devil Canyon damsite 
is located at river mile 134, about 14.5 miles ups~ream 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 cr~st at 
elevation 2162 feet, msl. 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 elevation of 2205 feet, msl. 

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 strt:~ctures 
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 powerplant is located in an underground chamber in the 
left abutment and will house three 236-MW generating units and three 
324,000-horsepower Francis turbines. The powerhouse chamber will also 
contain transformers, two 600-ton cranes. machine shop, and other 
necessary equipment. Vehicle access to the powerplant 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 

A. PLAN DESCRIPTION 

1. Dam Heights 

2. Dependab.l e Capacity 

B. SIGNIFICANT IMPACTS 

C. PLAN EVALUATION 

1. Contribution 1;o Planning Objective 
a. Firm Annua 1 Energy 
b. Average Annua 1 Energy 
c. Percent of Basin Potential 
d. System Dependability 

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

NE,T NED BENEFITS 
BENEFIT-TO-COST RATIO 

b. Environmental Quality (EQ) 
Acreage Inundated or Destroyed 
Drawdown Zone Acreage 
Stream Mi 1 eage Inundated or Degraded 
Whitewater Mileage Inundated 
Major Ecosystems, Acreage Inundated 

or Destroyed 
Important Moose Habitat 
Important Caribou Habitat 
Important Waterfowl Habitat 
(number of pothole lakes) 

Archaeological Zones Precluded 
from Post-Construction Studies 

Prehistoric Sites Inundated or 
Destroyed 

Historic Sites Inundated or 
Destroyed 

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

Tons per Year 
d. Regional Development (RD) 

Cost of Power in Mills/Kwhr 

3. Plan Response to Associated Evaluation 
Criteria 

a. Acceptability 

FLAN A 

WITHOUT C0~1liTION 

Conventional Coal Thermal Plant 

Non-Federal financing of a 300-mw coal
fired generating plant at Healy and a 
1,200-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) 

6,800,000,000 ·kilowatt-hours 
6,910,000,000 kilowatt-hours 
Not Applicable -

No grid i nierti e of major 1 oad centers. 
Reduced dependabi 1 i.ty. 

0 
1.0 

20,000 
0 

ll0-120 
0 

18,000 
2,000 
2,000 acres 

Unquantified area has very high 
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. 

FLAN B 

NATIONAL ECONOMIC DEVELOPMENT (NED) 
ENVIRONMENTAL QUALITY (EQ) P~S 

Devil C&nyon-W'a tans Dams 

Federal financing of the total system 
to include a thin-arch dam and under
ground powerplant at the Devil 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 Fairbanks 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 grtd intertie of major load 
centers. 

$33,856,000 
1.3 

50,550 
13,000 

82 
9 

4,000 
0 
0 

40 

5,850,000 

21.1 

Maximum beneficial impacts of options 
studied in NED and EQ accounts. 
Supported by consensus of most publics. 
Plan has drawn some concern because of 
possibility 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. 

rLAN c 

MAXIMUM POWER DEVELOPMENT PLAN 

l 

Devil C&nyon.-Watana-Denali Dams 

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

1. 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. 

$29,6ll ,000 
1.3 

104,550 
45,000 

ll6 
9 

4,000 
52,000 

400 

60 

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 finn power of 

~{~~~ ~~~~~~~m:~~ ~!~~!~ti~~u~~t~~~!~~ 

FLAN D 

PREVIOUSLY RECOMMENDED PLAN 

USBR Four-Dam System 

This is 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 1 oad centers. 

~: e=~~~a C~n~~~ fe~i5 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 grid intertie of major load 
centers. · 

$16,795,000 
1.2 

84,950 
45,000 

138 
9 

10,000 
52,000 

400 

85 

5,830,000 

24.3 

Beneficial impacts in NED, SWB, and 
RD accounts. Has good potentia 1 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. 



SUMHt\tlY COII!'Aii.ISON OF ALTE!i.NATIVE PW (continued) 

C. PLAN EVALUATION (Cont.) 

J. Plan h.sponse to Associated Evaluation 
Criterin. (Cont.) 

b. Certainty 

c. Completeuess 

d. ·Effec tivens.,.ss 

D. IMPLEMENtATION RESPONSIBILI'I'I 

1. Financial B.eaponSibility 

2. Recreation Sponsorship 

PIAN A 

Win!OUT CONDITION 

Conventional Coa 1 lbenna.l Plaut 

This appears to be an iftlpleme.ntahle pla 
which t:ould be pursued to tileet anergy 
ne.eda for the near and long range 
future. It ia the most flfaxible plan 
in terms of iru':remental deVelopment and 
operation potentials. 

Could match the energy output of any 
plans evaluated herein as long as fuel 
source is av.ailab.le. 

Could be expanded i.ndefinitely to 
limits of fueL. 

Private a:ntl/or semi-public entities 
coordinated with Federal and State 
regula tory agencies'* 

None 

PIAII B 

NAIIONAL ECONOMIC DEVELOPMENT (NED) 
ENVIIi.DNN!:NtAL QUALll'l (EQ) PlANS 

D~vil Ca.nyon•Ya.tana Dams 

Foundation conditions appear adequate 
for construction of beth projects. 
TraMmi.esion system is within the ~ane 
of preaent technology. Least flexible 
of alternative.s to changes iu proje.c.ted 
powe.r demand~ 

Provides adeq\l!llte. po""er to satisfy 
projected demand growth until mid-1990's 
Little potential for expansion. Demand 
beyond .the project c:apabiUty will ~ve 
to be met by other development. 

\Jould develop 96 percent of basin 
~evelopment potentiel. 

PIAN c 

IIAXDIIJ!I POWEll. DEVELOPMENT PlAN 

D6vil Ca.nyon-watana.-Denali Dams 

SaJH eva.lua tion as for Plan B except for 
etoTage control proj~ct at Denali site. 
Additional explorationa.l required before 
this structure could be recommended. 
More flexible tba.n Plan B. 

PIAN D 

1/li.EVIOUSLY li.ECOMMENDED PIAN 

USBR l'our ... Dam System 

Same evaluation as for Plan C ~xcept 
for thll power project at the Vee site. 
Additional exploration of abutment 
material nquired before this dam 
could be recomm.endfi!d for the structura 
height stated above. Most flexible 
of hydro alternatives. 

Provides e.'d.equ.a.te power to satisfy Prov~des .adequate power to satisfy 
projected demand growth until mid .. l'990 1s projected de"roand grovth until ~Did-1990's. 
Little potEntial for expansion~ Dema.nd Litth! potential for expansion. DE11"11ind 
beyond the projeet capability ~Jill have beyond the project capability will have 
to be met by othe'l;" develop01ent. to be met by other developtrtent. 

Develops greatest firm pow:er - equal 
to· F lan B in average annua 1 pcwer. 

Would develop 95 percent of basin 
development potential. 

Federal Govenu~Ent with powe.r marketed Federal Goverrunel\t vith paw'e't' marketed Federal Government vith power 
through the Alaska P(Pjier Adniiniatration. tht'ough the Alaska Power Administration. marketed through the Alaska Pmrer 

Administration. 

State of 'Alaska. State of Alaska State of Alaska 



A cost comparison between an above ground versus an underground 
powerplant 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 powerplant 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 sao 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 Watana includes 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 t~ 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-mile 
road to Wa ta na. 

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-mile, 345 kv 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 trailer
modular dormitory construction camp as well as for permanent facilities. 
Operation and maintenance facilities. 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: (l) a 635-foot-high concrete, .double curvature. thin-arch 
section with crest length of 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 the thrust 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-l/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-.1 ined 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 ar·e to be 
installed with four 234,000-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 powerplant 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 2.100-foot 
tunnel. · 

The Devil Canyon switchyard is located on the left bank of the 
river immediately downstream of the rockfill 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 1,500-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 produced by 
the design flood would be 1,455 feet. The reservoir would extend about 
28 miles upstream to about 2 miles bel ow the Watana dams ite. The 
reservoi-r area, confined within the Susitna River canyon, is narrow. 

Devil Canyon damsite will 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 ~1ay 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 W'atana 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 esttmated 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. 

Constructfon Schedule for the Selected Plan: 

General: The constructton period for the selected plan is esti
mated to be 10 years, 6 years for Watana 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-line 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 
powerplant.and three generating units in the Watana powerplant. Power
on-line (POL) for Watana is scheduled for 1986 and Devil Canyon POL is 
scheduled for 1990. 
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EaJU·UCS (f THE SELECTED PLAI~ 

PROJECT COSTS 

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-line date. The project costs and interest during construction 
for the Devil Canyon Dam are discounted to the Watana poWer-on-line 
date of October 1986. 

The investment cost, $1,653,136,000, is the project cost plus 
interest during construction, both discounted to the 1986 power-on-line 
date. 

Project Cost (Present Worth) 
Interest During Construction (PW) 

Investment Cost 

$1,401 ,295,000 
251,841,000 

$1 ,653,136,000 

Amortization of this amount with interest at a rate of 6-1/8 
percent and a project economic life of 100 years r.esults in an annual 
cost of $101,520,000. 

The estimated average annual operation and maintenance cost over 
the 100-year project life of the selected,plan is $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 
estimatedat $572,000. !I 

The following table summarizes the average annual cost for the 
selected plan: 

Interest and Amortization 
Operation and Maintenance 
Replacement 

Average Annual Cost 

$101,520,000 
1,'928,000 

' 572,000 
$1 o4. o2o ,ooo 

A detailed cost estimate for the selected plan. is contained in 
Section 8, Appendix I. 

17 The o,r1&R costs other than those for recreation were provided by 
Alaska Power Administration. 
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COST ALLOCATION . 

Allocation of estimated costs according to the Alternative 
Justifiable Expenditure method resulted in the following apportion
ment of joint-use costs: 

PURPOSE 

Power 
Recreat1on 

·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 

Construction Cost 
Public Domain Cost 
Interest During Constructton 
Operation, Ma1ntenance, and 

$1,516,326 
11 '768 

280,839 

$2,912 
23 

587 

$762 
9 

164 

$1,520,000 
11 ,800 

281 ,590 

Replacement (Annual Cost) 2,397 102 1 

PROJECT BENEFITS 

Benefits accrue to the selected plan from the sale and improved 
reliability of electric power provided by the project, flood damages 
prevented, recreat1onal opportunity provided, and Area Redevelopment 
from the utilization of unemployed labor. 

2,500 

Power: Power benefits are calculated by applying the project capacity 
and energy to power values der1ved by the Federal Power Commission and 
from increased reliability p,.rovided by the 1ntertie of the Anchorage
Fairbanks power grids. 

.£a~c1ty 

93,807 

Summary of Power Benefits ($1,000) 

Prime Energj; 

30,883 

Secondary Energx 

2,516 

lntertie Total 

947 128,153 

Recreation: Recreational benefits are calculated as the use-day value 
of recreational opportunity provided by the project. 
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General 

110 

1J Rounded 

Summary of Recreational Benefits ($1,000) 1J 
Specialized 

190 

Total 

300 

Flood Control: Flood control benefits are calculated as the value of 
decreased maintenance of erosion protection to the Alaska Railroad. 
The benefit totals $50,000 annually. 

Area Redevelopment: 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) 

Power 
Recreation 
Flood Control 
Area Redevelopment 

PROJECT JUSTIFICATION 

Total 

128,153 
300 

50 
9,373 

137,876 

The following table summarizes the project economic factors. 

Summary of Economic Factors 

.llim Recreation Non-Recreation Total 

Average Annual Benefits $300,000 . $137,576,000 $137,876,000 
Annual Costs 165,000 103,855,000 104,020,000 
B/C Ratio 1.8 1.3 1.3 
Net Annual Benefits $135,000 $ 33,721,000 $ 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 lands presently rests with the Bureau of Land 
Management, there 1 s every i nd4cation 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 RESPO~SIBILITIES 

The United States will design, construct. mainta,in, and operate 
the dams, powerplants. 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 Fed~~al 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 the Ariny 
acceptable assurances that they will, in accordance with the Federal 
Water Project Recreation Act, Public Law 89~72: 

a. Administer land and wa:ter 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 alJocated to recreation. 

c. Bear all ..costs of operation, maintenance, and replacements 
of lands and ·facilities for recreation. · · 
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PLAN I ~1PLEMENTAT I ON 

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 Pacifi~ 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 Chief of Engineers would be forwarded by the Secretary of the 
Army to the Congress. subseque.nt to his seeking 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 then 
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 modified to'meet the then current conditions. 
At this ·time, assurances of l~cal 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 agrf!ement for provision of the necessary local 
cooperation would be required. The District Engineer would then 
invite blds and 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 possi.ble to accurately estimate a schedule for the above 
steps because of the variables in the reviewing and funding processes. 
Once the project is authorized and initially funded, it would be 
possible to complete design and construction within a 14-year period 
if adequate funds are available. 
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VIENS OF NON-FEDERAL.INTERESTS 

An active public participation program was maintained throughout 
the study through public meetings, workshops, informal coordination 
meetings. and correspondence. 

PUBLIC MEET.INGS 

Preliminary public meetings were held in Fairbanks.on 6 ~1ay 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 
infonmation, 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, and.environmental effects of the alternatives, was distributed. 
The meeting resulted in general expression of the preferability of 
hydropowef 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 believed 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 co.rridors 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 followin9 
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 
corporations. 

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 
1S ·a letter from the State of Alaska, Division of Parks,·expressing 
willingness. to participate in the cooperative planning and development 
of recreation for the project. 

The concurring coiTIT1ents 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 proposal 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 below Watana 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 as a result 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 
Fish 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 Engi nee.r include the preservation, 
propagation, and management of fish and wildlife resources among the 
purposes for which the project will be authorized. 
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5. Project lands be a<;quired 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 portions 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 ~esources. 
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The foregoing reconmendations have been carefully considered and 
are conmented on by corresponding numbers as follows: 

1. This recommendation is generally in accord with Corps policy 
as it concerns existing fishery resources. Specific mitigation measures· 
cannot be addressed until post-authorization, preconstruction studies 
have affirmed and defined the need, types. and extend of measures most 
appropriate. Stocking of the reservoirs in the interest of promoting 
a new .fishery is considered a function of the fishery management 
agencies unless it is determined that this is a mitigation measure 
which should be accomplished at project cost as a consequence of 
fishery losses caused by the project. Continued coordination with 
all responsible agencies is consistent with Corps policy and practice. 

2. The Corps believes that all means of preventing a public hazard 
or conditions detrimental to the maintenance of downstream fishery 
resources should be considered. A reregulating dam would be one of 
these considerations. 

3. The plan of improvement includes recreation as a project 
purpose and provides facilities to promote that end. 

4. Provisions of the Fish and Wildlife Coordination Act and 
existing inter-agency agreements will be closely adhered to concerning 
determinations relevant to preservation, propagation. and management 
of fish and wildlife resources • 
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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. Carefol consideration will be gtven to avoidance of adverse 
effects on raptorsas 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 recormnendations 
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 tho~e lands at the project are undergoing rapid change. 
They recormnended 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 inclusicm 
as appropriate portions of the Corps of Engineers report. APA has 
reviewed the Corps of E~gineers report,· and g~nerally 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 cormnents· 
generally expressed concern for a need of more detailed studies related 
to the project and its prob~ble impacts prior to construction. 

Letters from the contributing agencies arecontained in Appendix 2~ 
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SUMMARY 

This report considers the desirability of providing power to the 
Southcentral Railbelt area of Alaska by the development of the hydro
electric power potential of the Susitna River. Previous studies by-both 
the Corps of Engineers and the United States Bureau of Reclamation have 
shown that the Upper Susitna River Basin, above the confluence of the 
Susitna and Chulitna Rivers provides the great majority of the total 
river potential. Accordingly, the report concentrates on that basin. 

The Southcentral Railbelt comprises the lands along and convenient 
to the Alaska Railroad, including the two largest cities of the State, 
Anchorage and Fairbanks; the major potential agricultural areas of the 
State, the ~1atanuska and Tanana Valleys; and the Kenai Peninsula. The 
economy of the region is varied. Government, trade, services, construction, 
transportation, mineral extraction (especially oil and gas), and manufac
turing (mostly seafood processing) are the main employers. A well
developed system of highways links the population centers as, to a 
l_esser degree, does the Alaska Railroad. Both Anchorage and Fairbanks 
are served by international air carriers and are centers for distributary 
interstate air service. 

The Railbelt contains almost three-fourths of the population of 
the State, 245,000 out of 330,000 as of 1973. The population is expanding 
at the rate of three percent per year, mostly by natural increase, but 
with about one-fifth by immigration. This rate is expected to continue 
for many years to come. With the population increase and expansion of 
economic activities, the growth' in power demand has been at a rate of 14 
percent annually for the past decade. The present demand, 2.03 billion 
kilowatt-hours annually, comprised of 80 percent utility, 19 percent 
national defense, and 1 percent industrial, is projected to grow but at 
a steadily decreasing rate, being on the order of 6 percent by the year 
2000. The industrial share is projected to increase to 20 percent by 
2000, while the national defense and utility shares are projected to 
decrease to 3 percent and 77 percent respectively. Total demand is 
projected to be 7.6 billion kilowatt-hours annually in 1990 and 15 
billion kilowatt-hours annually in 2000. 

In the interest of. multi-objective planning, other needs (water 
resource development) of the Railbelt area were examined. Needs identified 
which could reasonably be addressed in conjunction with the directed 
study power objective include flood control, recreation, conservation, 
and enhancement of fish and wildlife resources, air quality, conservation 
of nonrenewable resources, and national energy indep~ndence. In 
furtherance of the multi-objective goals, studies iri connection with 
the report have been coordinated with other Federal and State agencies 
concerned 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 
11 

••• 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. 11 

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 aft~r 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 pl~n 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 1974, which establishes as national policy the conservation 

nonrenewable t'esources through the utilization of renewable resources, 
r1here pass i b 1 e" 

ENVIRONMENTAL CONSIDERATIONS 

All viable alternatives (those having existing technical feasibility. 
which provide a ·:ong-term source of power, and which would provide 
amounts of electrical 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 
possibility, or ikelihood, that coal will be mined and utilized for 
exportation or as 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 economically 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 11-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 oe environmentally acceptable in that it provides, from 
all the viable alternatives. the most favorable balance in the trade-
offs between rescJrces irretrievably lost and long-term benefits derived. 

SOCIAL WELL-BEING CONSIDERATIONS 

A major consideration was the fulfillment of projected energy needs 
of a moder~tely growing population in the Southcentral Railbelt area. 
Reliability and lJng-term benefits were considered to be essential to 
any plan of devel0pment. These conditions are more assured with coal 
and hydropower th,~n they are with gas and oil. Without an intertie, a 
co~l alternative would be less reliable. Conservation of nonrenewable 
resources was a l S<l viewed as a grow·i ng social concern. No other a Her
native considered would likely have less direct impact on existing 
manmade 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 ~1a nagement, the U.S. Geo 1 og i ca 1 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 ameliorated 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 CoiTITiittee, 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 develop~ 
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 Southcentral-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 nfl uenci ng factors could 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 Southcentral 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 ofcontrolling 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~ial shortages 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 Conmission 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 of 50¢ 
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 
economic pressures, coal is considered to be the rrost likely alternative 
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 natu.ral gas 
used by the Anchorage utilities isnot a realistic basis for selecting 
the most 1 i kely 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. The value 
of North Slope gas in Anchorage .under reasohable assumptions regarding 
transportation systems is approximately $1.46 per million btu. This 
value of gas would result in a 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 natura 1 gas to coa 1 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. 

In sumnary, coal is the least costly alternative to hydroelectric 
power in the Fairbanks a rea and in the mi d-1980 time frame, natura 1 gas 
and coa 1 in the Anchorage area are comparab 1 e as the TOOS t economi ca 1 
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 kilowatt
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 add~d, that is Watana constructed first with power on line date 
of 1986 and Devil Canyon last added with power on line 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.le providing for the projected 
power needs for the Railbelt Area, would also provide flood damag~ 
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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
utilized and unemployed labor. 

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
rnents 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
rMtely $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 system in the post 2000 period. For this analysis it 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 reregulating 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) 

Annua 1 costs 
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 comparability test; units at Devil 
Canyon are marginal; however, with the added costs of a reregul ati ng dam, 
added units at Devil Canyon would also not be justified. 

ENVIRONMENTAL CONSIDERATIONS 

The Susitna River, with 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, is. 
the uppermost tributary. on .the Susitna River. where si gni fi cant 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 sal100n in the Susitna 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 100st 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 s 1 ough 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
mately 60 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 fluctuation of less than one foot or under rare, extreme conditions 
of up to three feet at Gold Creek, 15 miles .below 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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Regulated flow vs .. natural flow data should be obtained' in the important 
slough areas. to determine whether remedial measures would be necessary to 
prevent dewatering of the .sloughs during spawning and incubation times. 
Reduction in flows and turbidity in the sununer months may have a minor 
impact on ad~lt fish orientation. However; these impacts should be 
negligible after the first five years after construction as juveniles 
that have been exposed to the changed flow and turbidity regimen would 
be returning as adults. Reduced turbi di ties. in the su~r months caul 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 waul d be bel ow a 1 evel that waul d adversely 
impact fish.· $elective 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 might occur. when spilling would be substantially reduced in the · 
turbulent river section that waul d be present just downstream of the 
Devil Canyon Dam. Upstream from the dams, the maJor impact on the rest .. 
dent fish populations waul d 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· thap desirable for a 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 rrore 
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 sfmilar 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 roouths 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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use as an intermittent seasonal migration route between their main 
c~lvfng are~. and their sunmer range .. Th~ reservoir could conceivably 
~lter historical herd movement and d1str1bution and prior to ice break-up 
roortaliti es caul d occur because of i ce-shel vi ng. t'oose habitat waul d 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 electrit power that 
waul d be generated by the proposed project waul d total about 364 miles. 
The corrfdor to Fairbanks .is i denti fi ed as the Nenana Corri dar 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-
di rect consequences such as man-caused fires, noise genera ted by trans
mission lines and increased human access could be significant. t'oose 
are found throughout the length of the transmiss.ion 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 
waul d overall be improved. Subcl imax 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 
roore 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 is a 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 1 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 
roore uniform rate in the base load. Watana and Devil Canyon reservoirs 
would fluctuate only slightly in response to daily load requirements 
and daily fluctuations in river stage downstream of Devil Canyon would 
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 Wa tan a and De vi 1 Canyon , based 
on 1975 price levels and projected power demand beyond the year 2000, is 
not economically feasible at this time. However, during preconstruction 
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. The benefit-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 
kilowatt-hour. 

h. Positive contributions toward the environmental quality of the 
study area would result fro~ development of 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, more detailed studies, including 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 waul d 
facilitate 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
sibility of the 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 facilities 
for recreation would be paid by non-Federal interests, all .in accordance 
with the Federal Water Project Re.creation Act, Public Law :89-72~ All 
costs .to power waul d be repaid to the Federal Treasury from power 
revenues. 

.;;; 
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. ~RECONMENDATIONS 

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 southcentral 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 preauthorizatian 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 a·uthori
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. 
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.. All·costs to,,pQwer:. presently estimated at $1,516,000,000 for 
~consHuct'ion, and$2,397,000 annually for operation, maintenance and 
~~!li~Jp,~ .. ~~ei?H•C:ements, are to be repaid to the Federal Treasury fr~ power 
, revenues. 
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NPDPL-P!7 
SUBJECT: 

[First endorsement] 

(12 Dec 75) 1st Ind 
Interim Feasibility Report, Upper Susitna 
River Basinr Alaska 

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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BASIN DESCRIPTION 

HYDROLOGY 
GENERAL 

The Upper Susitna River Basin contains several topographic features 
which provide a conglomerate streamflow heavily influenced by specific 
meteorological events. The basin was shaped by volcanism and diastrophism, 
subsi'dence and uplifting, block faulting and intrusio(l by batholiths, 
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 confluence of the Oshetna River. It then 
takes a sharp turn to the west and flows through a steeply cut, degrading 
channel until it exits the basin at Gold Creek. The contributing glacial 
area comprises only four percent of the entire basin, but summer glacial 
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 flood plains 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 the Susitna River consist of the East and West 
Fork Susitna Rivers in the northern'section of the drainage basin, the 
Maclaren River whicb originates in the northeastern portion of the 
basin, and the Tyone River which emanates from the southern reaches of· 
the basin. 

The flow regime of the Susitna River is seasonal, with the majority 
. of the yearly str'eamflow occurring from May through September. Summer 
streamflow consists mainly of snow and .glacial melt combined with surface 
runoff from rainfall. Winter flows are restricted a)most 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 baseflow 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, flows 
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. 

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. 

Flow Variation in Upper Susitna River Basin 

Gaging Station 

Maclaren River near Paxson 
Susitna River near Denali 
Susitna River near Cantwell 
Susitna River at Gold Creek 

Percent of Percent of 
Drainage Gold Creek Gold Creek 
Area (Sg Mi) Ora ina·ge Area Streamflow 

280 
950 

4140 
6160 

4.5 
15.4 
67.2 

100.0 

10.0 
27.6 
64.8 

100.0 

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, 
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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 larg~ 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 basin . 
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CLIMATE OF THE BASIN 

GENERAL DESCRIPTION . 

The climate of the upper Susitna basin is characteriZed by cold dry 
winters and warm but moderately moist summers. The year·ly precipitation 
distribution shows that 64 percent of precipitation occurs from June 
through October. Within the Railbelt area, the ·climate ·is classified . 
into three categories: (1) a zone' dominated almost entirely by maritime 
influences; (2) a zone of transition from maritime to cont1nental 
climate influences; and (3) a zone dominated by continental climatic 
condit1ons. 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 Raflbelt 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 ingreater 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 2.2 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 May, 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 26oF. At Summit, the extreme temperatures recorded were minus 
45oF in January 1967, and 81°F in July 1971. Based on the longer 
period of record of McKinley Park, the extremes could be expected to 
reach minus 54°F and 89oF. During the summer months when heating takes 
place over the interior, the average July temperature is about 52°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 
is generally from the southwest, the orographic effects from the Talkeetna 
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 inches in 1955 .. Snowfall is generally confined to October through 
April and comprises approximately 40 percent of the mean annua 1 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 Nelchina 
Clearwater Lake 
Fog Lakes 
Lake Louise 
Monahan Flat 
Oshetna Lake 
Gulkana Glacier· 

Upper Susitna Snow Co~rse Data 

Ayerage Water Content Per ~1onth .. (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 Hydrometeorological 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 derisities 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 
spring runoff. 

WIND 

Winddata.collected at Talkeetna, Summit, and Gulkana 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, 
Sulllllit station, presented below, is believed to be more representative 
of basin conditions. 

SUMMIT WIND DATA 

Measurement Jan ~ Mar SR!. ~ ~ M &a ~ Oct · !!2.'!. 

Average Speed (MPH) i 
il6. 3 14.6. 12.0 9.4 8.7 9.8 9.3 8.S 8.3 10.4 13.3 

Prevailing d1rect1on 40 so so so 260 240 ZJO 2SO 60 so 40 
(Degrees Az1muth) 
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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 basih~ while 
during winter northeast winds chill ttiebas{n and ·brin.g continental 
conditions. · 

WIND-DRIVEN WAVES 

The orientation of the proposed dams and contiguous 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 fee. Although free surface 
reservoir conditions would prevail from May through October, maximum 
pool conditions at any reservoir other than Deyil Canyon would occur 
only during the latter portion of this perio~~J~ The critical situation 
for all proposed reservoirs should occur in oe,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 

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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Ice Thickness (Feet) 

2.3 
4.7 
2.7 
3.2 
2.5 
4.1 
2. 1 



During spring breakup, ice jams c;: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 ch!lnge. 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 ope~ throughout the year. 
Breakup above Watana reservoir should occur on schedule, but breakup 
within the reservoirs would b.e late. This delay would probably create 
ice jams where rivers flow into the 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 stud.ies conducted by the Missouri. River Division, 
Corps of Engineers, have found that stage increases of up to seven feet, 
at a moderaterate, can be tolerated without premature ice breakup. 
Stage fluctuations below Devil Canyon.Dam should be less than three feet 
during winter operatitin~ 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, "Susitna River at Gold Creek, 11 is located at the 
Alaska Railroad bridge and is approximately 15 miles downstream from the 
Devil Canyon damsite. 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 ~ubic 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, "Susitna River near Denali, 11 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, 11 Maclaren River near Paxson, 11 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, "Susitna River near Cantwell , 11 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 

154 



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 
estimate, 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 July Denali-Gold Creek analysis. In order to improve the 
relationship, a multiple correlation analysis 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 

1. May through September 
Oc = 0.6510g - 39.0 

2. October through April 
Oc = 0.5440g - 84.1 

Maclaren River near Paxson 

1. June through August 
0.667 

Om = 3.3760g 

2. September 
1 . 011 

Om = 0.080Q9 

3. October through May 
0.994 

Om= 0.0640g 

R2 = 0.93 

R2 = 0.92 

R2 = 0.59 

R2 = 0.88 

R2 = 0.87 
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Susitna River near Denali 

1 . September through May 

Qd = (-1.916+.462Qg0· 5)2 

2. June 
Qd = O.l28Qg+3889.5 

3. July 
Qd = o~o71Qg+7574.6 

4. August 

Qd = 2.556Qg0"802 

Qg = Gold Creek monthly streamflow 
Qc = Cantwell monthly streamflow 
Qm = Maclaren monthly streamflow 
Qd = Denali monthly streamflow 

R2 = 0.91 

R2 = 0.24 

R2 = 0.0 

R2 = 0.50 

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 porti6ns of the 
overall basin for the linearity assumption to apply. The Vee damsite 
streamflows were assumedto 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. 

156 



Loca 1 i zed Unit Flow 

Local Flow Drainage Annua 1 Loca 1· Flow/Area 
Measured At: Area {Sg Mil Flow {Ac Ft} (Ac-Ft/Sg Mi} 

Susitna River near Denali 950 1,942,000 2044 
Maclaren River near Paxson 280 705,000 2517 
Sus itna River near Cantwell 2910 1 '913 '000 657 
Susitna River ~t Gold Creek 2020 2,480,000 1227 

Total 6160 7. 037,000 1126 

The low local flow per unit area measured at the Cantwell station 
is believed to be a ~esult 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: 

01 = AJ - Ac x (Og - Ocl + Qc 
Ag - Ac 

02 = A2 - Ac x (Og -Qc) + Oc 
Ag - Ac 

03 = Qc 

04 = (Qg - Qc~ x (A4 -Ad) + Od 
. (Ag - Ac 

'01 = pevil Canyon damsite monthly streamflow 
Q2 = Watana damsite monthly streamflow 
03 = Vee damsite monthly streamflow 
04 = Denali damsite monthly streamflow 
A1 = Drainage area above Devil Canyon damsite 
Ag = Drainage area above Gold Creek gage 
Ac = Drainag~ 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 streamflows for the fo~r damsites are shown in 
Tables 7 through 10. 
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STREAMFLOW CHARACTE RI ST I CS 

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 flow~ 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. 

lJ "HEC-4, Monthly Streamflow Simulation," Generalized Computer Program 
723-340, Hydrologic Engineering Center, U.S. Army Corps of Engineers, 
Davis, California, 1971. 

~ 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 ~~pply. 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 Rive'r 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. Dena 1 i st'reamflow 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 15through 18. 

Yearl~ Peak Flows of Record. 

Gold Creek Cantwell Denali Maclaren 
Date Peak CFS Date Peak CFS Date Peak CFS 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 8/10/71 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 1-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: 

Recurrence 
Interval 
(years} 

5 
10 
25 
50 

100 

Upper Susitna River Basin Peak Discharges 

Peak Discharge--cfs 

Susitna at · Susitna near Susitna near ·Maclaren near 
Gold Creek Cantwell Denali Paxson ~=:.:..:..._ __ _ 

67,000 42,000 19,500 7,300 
78,000 48,500 23,200 8,200 
90,000 56,000 27 '500 9,200 

101,000 63,000 32,000 10' l 00 
lll ,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: 

Station 

Susitna at Gold Creek 
Susitna near Cantwell 
Susitna near Denali 
Maclaren near Paxson 

. Suspended Sediment Data 

Number of 
Samples 

59 
27 
22 
25 

Max. Flow 
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. 
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 were devel
oped for the four gaging stations from ~he data collected by the U.S.G.S. 

Sediment transport for the four stations is shown· below: 

Suspended Sediment Transport 

Station 

Susitna at Gold Creek 
Susitna near Cantwell 
Susitna near Denali 
Maclaren near Paxson 

BEDLOAD 

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 

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 sediment 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/Sg.Miles) 

Maclaren near Paxson 
Susitna near Denali 
Sus itna near Cantwell 
Susitna at Gold Creek 

0.157 
0.233 
0.066 
0.045 

1 ,630 
1 '927 
1 '754 
,2, 922 

2,850 
7' 191 
1,364 
1,560 

•· 

A strong relationship appears between the Glacial-area/Basin-area 
and the Production Rate (tons/sq. ~i.}. However, when these values are 
plotted on logarithmic paper, the Paxson, Denali, and Gold Creek stations 
fall on a straight 1 ine, with Cantwell considerably out of 1 ine. The 
Cantwell s.tation is biased by the Lake Louise area. The bias can be 
eliminated, hO\'IeVer, by introducingba.sin height as an erosion index~ 
By plotting the Glacial-area/Ba_sin-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 = 89,1~4 X H X Ab X A 
S = Sediment in tons per year g 
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 Maclaren 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 reccirded 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 Rivers .. Consequently, tributary load below 
the Cantwell station was calculated 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 from .U.S.G.S. 
contour maps. Although initial entrapment ratios of .the res'ervoirs, 
based on full storage conditions, were found to range frool 75 percent at 
Devi 1 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 100-percent entra~ent. 

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. Theperiod of record for · 
e~ch station is from 1944 to the present; however, the number of continuous 
years for each month of d.ata varies. .The average monthly pan evaporations 
for the two stations are a~ follows: · 

Average Monthly Pan Ev~poration, Inches 

Matanuska Valley 
Month Agr. Exp. Stn. University Exp. Stn. 

Eva[). Yrs. Red. Evap. Yrs. Red. 

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 

Subtota 1 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 tnches 
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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Month 

May 
June 
July 
August ' 
September 

Ay~rage Consumptive ~se 

Total 

Consumptive Use (Inches} 

2.30 
3.50 
3.86' 
3.08 
o. 16 

12.90 

Yearly consumptive use is consistent with free surface·evaporation 
rates.r 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, Water .Resources Data for Alaska, see Table 18. 

NATURAL CONDITIONS 

The limnology of the Susitna R~ver differs cbnsiderably 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. Wint&r 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 during 
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 
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temperature has dropped to 4oc 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~f the reservoir. Although powerhouse intake location 
would be too low for downstream utilization of.this oxygen-rich water, 
artificia·l means can be employed to enhance downstream concentrations. 

Although the turbulence of the river downstream of Devil Canyon 
would prom~te 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 mg/1. 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 decre'asing 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 that 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 
literature 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." To compare anticipated Susitna 
concentrations with those of U.S. West Coast streams, 9verage monthly 
sedime~t concentrations for streams in Washington, Oregon, and California 
are extracted from this publication and are presented in Table 18. 

Obviously, the question of sedi~ent impact 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 the hydrograph 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 shown that,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 and chemical water quality 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 range 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 idng 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 qual itativ 
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 2 GDM ITEM DESCRIPTION FY 76 & T Quarter ~hase 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 
..... 

"' e. Soil, Permafrost, and Vegetation Type Maps 20 20 "" 
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 20 

j. Ecological Reservoir Modeling 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 are precipitation and tempera
ture; hydrologic processes simulated by the program are soil moisture, 
evapotranspiration, snow and glacial melt, depression storage, surface 
storage, subsurfac~ 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 
basrn. · 

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 calibration. 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 was based 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: 

Period 

1964 20 May-8 July 
1967 1 Aug-30 Aug 
1971 6 May-30 Aug 

1972 2 May-5 July 

Reconstitution Periods 

Gold Creek Avera 
0 served 

85,900 
76,000 
66,300 
77 '700 
70,700 

BASIN MODEL CHARACTERISTICS 

80,300 
73,500 
53,300 
78,500 
60,900 

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, howeveri 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. Therefdre, assuming that the mathematical model is correct, 
calibration must be accomplished either by trial-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 §reat 
for practical use. Therefore, in calibrating the SSARR model to the 
Upper Susitna River Basin, a trial-and-error process based on judgment 
was used. Realizing that the computed hydrograph could show good 
s imul ati on 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 hydrographvolumes. 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 climatological 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 3.3oF 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 accompli shed by evapotranspiration. The relationship of 
s'Urface 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 rune , 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 pointwhich 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 
s ti 11 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 Hydrometeorological 
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 mi) (in) (in) nnT 
Denali Site 1260 9-12 5.4-7.2 2.7-3.6 

, Vee Site 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: 
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Hour· 1st Day 2nd Day 3rd Da,y 

0-6· .25 .6 . 15 
6-12 . 50 1.2 .30 
12-18 . 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 impracti~al 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 utilized 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"-foot .elevation 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 cpmbinations of antecedent 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 
are as 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 J.une period. ·Three different temperature 
sequences for this period were analyzed, as showri on 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 3.3°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 are as 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 

Maximum Maximum Maximum Reservoir 
Project Inflow Outflow Forebax Elevation 

(cfs) (cfs) (feet) 

Watana 213,000 186,000 2204.3 
Devil Canyon with Watana 223,000 218,000 1451.9 
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Spring Probable Maximum Flood 

Maximum Maximum . Maximum Reservoir 
Project Inflow Outflow Foreba~ Elevation 

{cfs} (cfs) (feet) 

Watana 233,000 192,000 . 2205.0 
Devil Canyon with Watana 226,000 222,000· 1452.5 

181 



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. 
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CLIMATOLOGICAL DATA 

MEAN MONTHLY PRECIPITATION - INCHES 

STATION JAN FEB MAR .APR HAY JUN JUL AUG SEP OCT NOV DEC A:.~ 

~atanuska.Valley 

~griculture 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 L72 1. 37 1. 3!1 20.93 

Sheep Mountain .55 .68 .62 .72 .56 1.97 2.43 1.24 1.41 1.13 .71 .56 12.58 I 

McKinley Park .83 .69 . 37 .47 .68 1.93 2.59 2;81 1.54 .98 .75 .65 14.29 

Gulkana .68 .47 • 36 .22 .60 1.40 1.92 1.58 1. 85 .79 .60 .72 u;19 

MEAN MONTHLY TEMPERATURE - Of -I 

}~tanuska Valley 
Agriculture Exp Stn 12.1 18.8 24.6 37.1 47.2 55.4 57.7 55.4. ll7. 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 40.3 24.4 I 9.4 2.9 25.6 

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 

1cKinley 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 
- I k;ulkana -1.. 3 2.8 ll!. 5 29.5 43.1 53.3 56.6 52.5 43.4 27.7 6.8 -3 1 26.6 



SUMMARY OF CLIMATOLOGICAL RECORDS 

Average 
Average Length 

Ground Annual Average of 
Eleva- Years Temperature (Degrees F.) Precipi- Annual Growing 
tion of Maxi- Mini- .Mean Mean Mean tat ion 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 

CICI Transition Zone 
.j:>. 

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.a tanuska 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 generally based.on shorter time intervals. · 



"' "' ' .., 
"' "' SUSITNA RIVER AT GOLD.CREEK 
0 

"' Monthly Volumes in 1000's of Acre-Feet 0 

... Drainage Area - 6160 Square Miles "' 

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 49 4 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 sa 56 1036 19 84 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 

co 1960 403 170 135 114 83 74 ·77 970 924 1413 1451 1220 7034 
In 1961 479 179 166 151 97 111 158 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 ll70 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 ss· 81 799 1530 1712 129 8 1151 7362 
1966 443 125 100 86 72 80 106 59 3 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 1,4 17 135 541 628 581 217 2310 cr;l 

0' 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 40 3 157 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 1401 1118 547 5337 Q) 

...... 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 31 119 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 Ac~e-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 72 932 co 

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 .a 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 DAMSI~ 

Monthly Flow in Cubic Feet Per Second 

Drainage Area - 5810 Square Hiles 

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 n6 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 1.442 12121 24678 22099 21595 7195 

tD 
1959 4549 2027 1421 1357 1223 915 1167 15049 22492 24022 29764 16003 

.-o 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 20.979 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 DAMS ITE 

·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 DOl 825 730 761 4511 27164 22280 17664 12100 
1953 6548 2810 1J81 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 .., 1959 3851 1735 1227 1174 1062 803 1015 13282 19716 2108'1 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 4726 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 11E 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 "" ~ 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 1.300 877 644 586 429 465 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 DAMS ITE 

Monthly Flow in Cubic Feet Per Second 

Drainage Area - 1260 Square Miles · 

YF.AR OCT. NOV. DEC. JAN. FEB. MAR. APR. l>I.AY JUNE JULY AUG. SEPT. 

1950 1651 635 333 226 165 149 186 2903 7470 10l!06 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 3831 
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 12'~42 10891 5098 
1958 1846 877 506 345 230 188 306 1870 9769 10399 7766 2295 

..a 1959 1267 529 264 209 161 98 119 2657 10164 9697 . 9581 3'~23 
II,J 1960 2029 949 i18 562 411 347 344 4212 6087 10293 9197 5937 

1961 2321 860 661 492 382 396' 590 39'18 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 1329 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 255L• 
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 



RESERVOIR SEDIMENT INFLOW 

Upstream Sediment Inflow Sediment Inflow 
Development · 50-year Vo1 ume 

(ACre-Feet} 
100-lear Volume 

(Acre-Feet) 

Devi 1 Canyon None 252,000 . 497,000 
Denali 137,941 272,000 
Vee 94,000 186,000 
Watana 35,000 70,000 

Watana None 204,000 403,000 
Denali 102,000 202,000 
Vee 59,000 116,000 

Vee (2300 ft. 
W.S.EL.) None J 62,000 320,000 

Denali . 44 .• 000 87,000 . 

Denali (2535 ft. 
W.S.EL.) None 290,000 572,000 

Note: 50-year unit weight of sediment is 80 lbs/ft3. 

100-year unit weight of sediment is 81 lb,s/ft3. 
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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 ~·zoo 920 70,000 
Jun 3, 1957 33,400 1,433 
Jun 20, 1957 29,300 2,965 
Jun 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 
Ju1 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 
Ju1 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 (Deg 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 
VI May 5, 1969 5.0 1,480 11 44 

Jun 25' 1969 8.0 14,200 58 2,220 
Jul 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 
Jul 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 
Jul 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 1 710 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 (Deg C) (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 
~ -o Apr 17, 1973 3.0 7 193 3 2 ...... 

Jul 17, 1973 11.5 20 145 20 8 
Jul .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 Eklutna Powerhouse outlet. 



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 oc c.f.s. mg/1 · tons/day c.f.s. mg/1 tons/day 

3 Oct .67 3. 36. 12 1.2 
19 Dec 67 1. 9.8 2 .os 111 3 .9 
29 .Mar 68 2. 8_.8 2 .05 
29Apr 68 2. 13. 1 .04 
22 Jul 68 5. 233. 96 60. 715 8 20. 

... 1 Oct 68 3. 84. 14 3.2 

"' 1 Apr 69 o. 2.3 2 .'01 ~ 

1 May 69 1. 25. 2 .14 183 2 .99 
29 May 69 2. 141. 8 3.0 
8 Jul 69 945. 569 1450. 

16 Jul 69 4. 155. 88 37. 
8 Aug 69 4. 241. 182 118. 

18. Sep.69 4. 67 .' 39 7.1 
18 Dec 69 .s 11.4 4 .12 
2 Mar 70 11.5 2 .06 6.6 1 .02 
1 Apt: 70 1.5 11.9 3 .10 

28 May 70 1.5 96. 7 1.8 
21 Jul 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 Jul 71 2.5 237.0 32 20.0 
12 Jul 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 
Riv.ers 

ca lifo'rnia 139 225 160 126 120 85' 80 53 38 48 59 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: 
Rive.rs 

... 
California 137 107 88 96 51 32 44 56 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 



MISCELlA.'>EOUS ANALYSES OF STREAMS IN AlASKA 
Chemical analyses, in parts per million 

Dissolved Hardneee . Specific 
solids AI CaC03 conduct• 
(residue a nee 

Mean Silica Iron Cal- Mag- Sodium Potas- Bicar- Sulfate Chloride. Fluoride Nitrate on evap• Calcium, Non- (micro• 
Date of collection discharge (Sl02) (Fe) cium nesium (Na) &hDII bonate (S04) (Cl) (F) (N03) oration mag• carbon- mhos at pH Color 

(cfs) (Cal (Msl {K) (HCOJ) at lROOC) neaiUDI ate 25°C} 

SUSIINA RIVER AT GOLD CREEK 

22 Jun 1949 4.9 11 2.0 7.6 50 S.4 1.4 0.5 60. 36 0 100 6.S 
3 Aug 7.S 15 2.4 5.5 50 11 4.5 .4 77 4S 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-lS Aug 5.2 .19 24 2.3 S.7 so 15 4.S .1 .1 102 69 4 170 7.5 20 
6 Aug·l953 23.400 5.6 0.01• 22 l.S 3.0 3. 7 66 16 l.S o.o 0.3 S7 62 s ·.': 150 7.2 s 

1953 
9-200ct 6,350 11 0.02 29 5.4 S.6 l.S S5 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 lS 120 75 14 201 7.9 
22-26 Oct 4,210 12 .00 2S 5.6 S.4 2.0 84 25 13 .7 142 93 24 22S s.o 0 
27-31 Oct 2,S30 11 .00 33 7.S S.4 1.3 97 36 13 1.4 173 114 35 265 7.S 0 
1-5 Nov 2,300 11 .00 31 6.6 9.6 i. 6 94 30 15 1.0 15S 104 27 257 S.l 0 
7-13 Nov 2,300 11 .01) 31 5.2 11 2.3 91 24 lS 1.0 153 99 24 255 7. 7 0 

1954 
11 ""Feb 1,160 13 .. .00 30 4.4 17 .2. 7 S9 17 31 0.1 • 7. 160 93 20 2S2 7.2 

1955 
24""'Aj;' 1,060 11 .00 31 4.5 16 2.5 S3 24 29 .2 159 96 2S 211 s.o 
1-10 Jun 20, 700 7. 7 .12 13 1.5 4.3 1.0 43 S.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.) 7 Jul 2S,OOO 6.1 .11 16 2.0 3.5 2.1 53 14 4.S. .1 .4 75 4S 5 122 7. 7 10 
0 11-20 Jul 24,SOO 7.1 .10 17 1. 7 4.9 2.3 56 11 5.2 .0 .4 7S 49 4 133 7.6 10 
0 21-30 Jul '25,500 4.7 .OS 23 1.9 3.5 3.5 6S 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 .o .3 101 75 12 174 7.S 0 
1-10 Aug 20,000 6.5 .00 22 3.2 4.6 2.4 67 16 5.0 .0 .2 93 6S 13 156 7.S 5 
11-20 Aug 20.S90 6.9 .00 19 3.1 4.9 i.o 60 14 5.2 .0 ;l S5 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 .s 96 76 22 156 7. 7 s 
1-10 Sop 19,400 7.5 .oo 21 5.0 4.6 1.1 69 22 4.5 .·o .4 100 73 16 171 7.9 5 
11-20 Sop 13,700 S.2 .00 23 5.0 4.S 1.3 6S 22 5.0 .o .4 103 7S 22 176 7.S 5 

1956 
24 May 31,100 5.2 .oo 13 .3 2.S 1.7 37 5.5 2.S .1 .2 61.' 34 3 S6 6.6 45 
25 May 30,400 5.6 .00 12 1.4 2.9 1. 7 39 5.5 l.S .1 .2 62 36 4 91 7.0 50 
26-31 May 23,300 5.5 .00 16 2.S 3.S 1.3 4S 11 4.5 .o .9 70 51 12 121 6.5 15 
1-10 Jun 32,400 6.5 .oo 16 2.3. 3.5 1.4 49 9.9 3.5 .o .5 6S 49 9 115 6.6 s 
11-20 Jun 39.000 6.0 .00 16 2.3 3.5 1.6 49 9.9 4.0 .o .4 6S 49· 9 11S 6.7 8 
21-30 Jun 2S. 700 6.0 .00 17 1.5 3.5 1.7 50 11 4.0 .0 .5 70 49 s 116 6.9 10 
1-2 Jul 27,900 10 .00 20 l.S 4.1 2.4 63 12 4.2 .1 .1 S6 57 6 140 7.S 5 
22 Aug 1967 29,400 7.1 .06 19 3.5 3.4 2.4 67 15 2.S .1 .9 S7 63 s 147 7.6 
11 Jan 196S 1, 960 1.1 .19 34 4.5 11 2.4 9S 12 29 .1 .5 152 3S 0 277 s.o 5 

SUSITI;A RIVEP. NEAR DEliALI 

1957 
9 Ap;- 164 12 0.00 51 6.S 15 6.5 163 37 19 0.2 0.3 22S 155 22 3S2 7.5 5 
27 Aug a6,950 3.2 .04 23 6.2 3.S 3.6 70 31 3.S .o .0 109 .84 26· 194 7.4 5 

, 17 Dec 190 12 0.06 41 s.o 1S 6.3 137 36 21 0.1 0.2 210 13~ 23 351 7.6 0 
195S 

3 Ap;- 126 13 .02 46 16 23 6i6 196 39 30 .1 .0 270 1S1 20 467 7.1 5 
12 Jun aS, 770 5. 7 3.0 17 2.6 2.1 2.6 52 13 3.0 .o .2 75 53' 10 121 7.2 10 
21 Jul aS, 360 4.5 .03 19 2.9 2.2 3.4 63 13 2.0 .1 .o 7S 60 s' 140 7.5 0 
2S Aug a3,S60 5.4 .09 21 3.1 3.S 2.5 65 lS 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 S3 23 9.0 .3 .2 120 S4 16 199 7.9 10 
5 Jul 1960 7.3 .04 lS 2.4 3.4 2.S 60 14 3.0 .1 .4 aSl 55 6 129 7.S 0 
23 Hay l96S 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 196S 963 7.4 29 3.6 10 2.1 92 20 11 .. 0 .0 130 S7 12 226 7.S 5 
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KlSCELU!IEOUS ANALYSES 'OF STREAMS IN AIASICA 'Continued} 
Chemica 1 analyse•, in par to per mil Uon 

Diuolved llardneu Specific 
solids u CaCOJ conduct• 
(reddue a nee 

Blear• Sulfne Chloride Fluoride Nitrate on- evap- (lfticro• Mean ftlic& l'ron Cal• llag- Sodium Potu• 
~ mboo at pH Colo.r (Fe) neaiUPJ (Na) I tum b ...... te (S04) (Cl) (F) (N03) oration 

250Cl 
Dote of collection diocharge .(SiD:!) cium 

u 1900C} 'cfo) (Cal (Hs) 'K) (HC03) 

~' MACLAREN RIVER NEAR PAXSON, 

i~ Jun i958 Mi 1.1 2.0 38 Ill 2.0 o.o 0,3 59 1111 Ill 95 6.8 20 3,800 11.8 12 3.5 
110 7.2 0 21 Jul 3,560 11.7 .02 12 3.7 1.11 2.2 112 15 .5 .o .3 61 115 10 
130 7.2 0 78 Au'J 1,260 11.11 .12 15 II. I 1.6 2.1 116 19 1.5 .2 .o 71. 511 17 

24 Sept 692 6.7 .OS 19 5 •. 4 3.5 1,6 59 22 4,0 .2 .3 91 67 19 144 7.6 s S Jul 1960 s.o • 37 ll 4.3 1.8 2.6 44 15 3.0 .2 ,4 a 68 so 14 103 7.8 20 ~ 22 Jul 1967 4030 4.2 5.39 4.0 2,3 1. 7 ' 2.2 41 17 0.4 o.o 1.5 69 44 10 101 7. 7 10 =: 17 Aug 5320 4.8 .12 11 2,2 1.1 1. 7' l4 13 .7 .1 .9 53 36 8 84 7.6 s 20 Sep 936 5.3 .14 19 3.4 2,1 1.4 54 20 3.2 .o • 7 82 62 18 141 7.8 10 27 K&r 1968 8.5 .37 27 3.9 2.8 2,5 78 20 4.3 .o .4 lOS 84 20 182 7.6 0 
SUSIINA IUVER NEAR CAII'niELL 

23 Aug 1967. 16100 6.1 0.10 20 2.6 3.2 2.8 63 16 ' 2.5 0.2 o. 7 85 61 9 142 7. 7 10 21Sep 7480 ,•6.8 .87 20 3.2 4.8 1.4 64 10 7.4 .o 1.1 87 63 10 147;. 7.6 10 29 Sep 5750 7.6 .90 27 1.1 s. 7 1.8 67 16 8.5 .3 '3.9 106 70 15 174 7'.2 10 8 JUD 1968 15,600 5.4 .66' 14 1.8 2,2 7.3 48 7.5 3.5 .1 .1 66 42 3 lOS 7.4 40 24 Jul 18,200 4.4 7.9 23 2·.2 2.1 3.0 67 16 3.0 .2 .6 95 66 u 148 7.9 10 
20 Sep 4040 7.1 1,0 25 3.4 6.3 4.9 72 18 9,2 .3 .o 110 76 17 177 7.5 --
lS Kay 1969 8,670 2..7 17 2.,4 4.8 2.8 54 12 7.4 .1 • 7 77 54 10 136 7.6 30 24 Jun 15,800 4.6 18 4.4 2.1 5.2 64 14 2.1 .2 .2 95 62 10 145 8.0 s 17 Jul 1970 10,900 5.7 70 19 2.,6 3,3 2.8 59 13 18 Sept 7,040 6.3 50 24 3.0 4.6 2.,2 70 16 
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TWO-DAM SELECTED PLAN 

Location 

Type Construction 

Height, feet 

Crest Elevation~
feet, m.s.l. 

Crest Length, feet 

Design Earthquake, 
Richter Scale 

Epicenter Distance, 
miles 

Focal depth, miles 

Water surface area 
(full pool}, acres 

Reservoir Storage ~ 

(full pool}, acre-feef~" 

Full Pool Elevation, 
feet, m. s .1. 

Average Annu~l Estimated 
Drawdown, feet 

Reservoir Length (river 
miles inundated} 

Po\'Jerp 1 ant 

Firm Annual Energy 
(independent}, BkwHrs 

Pertinent Data 

Watana 
. -

River Mile 165 (2 mi. 
upstream from DC pool 
head} 

Earthfill 

810 

2,210 

3,450 

8.5 

40 

20 

43,000 

9,624,000 

2,200 

100 

54+ 

Three 264-mw units 

3. 1 

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) 

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.l. 

Maximum Design Flood 
Elevation, feet, m.s.l. 

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) 

Watana 

3.08 

0.44 

165,000 

1,950 

2,205 

High-level, two 
10xl4 gates, 25 ft. 
circular tunnel 
(Qmax. = 28,000 cfs) 
Low-level, two 10xl4 
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 

Devil Canyon 

3.02 

0.36 

228,000 

1 ,275 

1,455 

Four llx7-l/2 gated 
openings in dam 
(Qmax. = 47,000 cfs) 

One 26 ft. horseshoe 
tunnel (21,000 cfs) 

27 

5 

6.5 percent 

$432,000,000 



.Pertinent Data (Continued) 

Annual Costs 

Annua 1 Benefits 

Two-single Circuit 
Lines 

Route 

Length 

Length 

Cleared Right-of-way 

Towers 

Conductors (ACSR) 

Watana 

$104,020,000 

$147,821,000 

TRANSMISSION SYSTEM 

To Anchorage 

136 miles 
345 kv 

Southern 

Devil Canyon Switchyard 
w. to--Gold Creek--
sw. along Susitna R., 
ARR-Talkeetna--e. bank 
Susitna R.--Nancy Lake 
area--s. to Pt. MacKenzie 

-\ 

Devil C~nyon-MacKenzie 

140 mi. 

Devil Can,yon 

To Fairbanks 

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 line--Gold 
Hi 11-Es ter 

Devil Canyon-Ester 
200 mi. 

Devil Canyon-Watana 
30 mi. 

Devil Canyon-MacKenzie Devil Can,yon-Ester 

Varies 

Steel or aluminum 

954 1272 
I 
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PROJECT DESCRIPTION Arm COST ESTIMATES 

PLAN OF IMPROVH1ENT 

SELECTED PLAN LOCATION AND DESCRIPTION 

The selected plan consists of a two-dam development on the upper 
Susitna River in the southcentral part of Alaska (see Plate B-1). The 
dams, in the sequence in which they wi 11 be constructed, are: 

Watana Project: The project consists of an·earthfill dam with saddle 
spillway that discharges into adjacent Tsusena Creek (see Plate B-5). 
The project•s underground powerhouse has a capacity of three 264-MW 
generating units totaling 792-MW. The damsite is at 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 of 
Watana Dam. 

FEATURES OF ~HE 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 hori zonta 1. 

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 
Watana damsite, 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 po'o1, as shown on Plate B-8. · The crest is 
a low agee 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 shownon Plate B-5. The channel 
downstream of the crest is concrete lined fora minimum distance of 150 
feet and then transitions 'to _sound natural rock. The channel diverges 
to 600 feet wide approximately 930 feet downstream and continues at that 
width for about 2,350 feet where it discharges into Tsusena Creek, 
appro~imately 2.6 miles upstream from its mouth .. The channel daylights 
at about elevation 2,090 feet, m.s.l., and cascades down ~he 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. 1. The spillway can discharge 165,000 cfs and 
the remainder will pass through the high-level outle~works. The spillway 
and outlet works rating curves are shown on Plate B-~. 

":~ ':r;;--

" Outlet Works: The outlet work~ 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 lll0-2-50 (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 spillway 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 outl~t level was not chosen because the gates would have to 
operate. under a maximum head of 480 feet and for a protracted 250-pl us 
day period. 

Under the proposed deviation from the ER requirements, the rese~voir 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 o~tlets with 100-percent gate openings 
are shown on Plate B-5. Each outlet works consists of two 10xl4 emergency 
slide gates and two 10xl4 controlling tainter gates, a 25-foot, circular, 
steep conduit, and a 30-foot, horse~hoe, 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 tunnels will dewater the damsite. and tailrace portals. Gravelfill 
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, constructjon 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 B-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 a.butment. 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 a 11 other necessary equipment, as 
shown on Plates B-10 and B-11. The three-phase transformers ·and circuit 
breakers are housed in a separate cavern upstream of the rna in powerhouse 
chamber, as shown in profile on Plate B-11. 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 site locations; also favor the under.ground 
plant selection. 

Penstocks and Waterways: A\penstock and waterway profile is shown 
on Plate B-8. The pens tack 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 it is 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 
of 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 switchyard covers an area approximately 
700 feet by 500 feet~ at elevation 2~100 feet, m.s.l. The high-voltage 
cables pass through an access shaft to the switchyard above. 

The transmission system involves approximately 30 miles of line· to 
·tie the Watana switchyard into th.e main system at the Devil Canyon 
switchyard. The 30-mile 230-kv system would consist of two single
circuit lines. 

• 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 surface area of 43,000 
acres at normal full pool elevation of 2,200 feet. The norinal 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. 

Regulations require that the reservoir 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 damsite ·from the Parks 
Highway would involve 27 miles of new road. Several routes were con:. 
sidered.· The selected route is the most economital. 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 damsite. 

The access ruad to the Watana damsite from the Devil Canyon damsite 
involves an additional 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 Creek, is. 
required. The access road then climbs to its highest pass (elevation 
3,075 feet m.s.l.) as it winds southeast and then east. The road • ~ 
passes by the northern end of Stephan Lake, continues across Fog Creek, 
winds north around the Fog Lakes area, and ends at the Watana damsite. 
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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 enlarged 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 rig facilities 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 facilities 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 ~esigned and landscaped to 
blend harmoniously into the natural surroundings. 

Permanent OperatingEguipment: 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), and approx
imately 4 pieces of other maintenance and e!llergency 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 (with 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 110-foot-high concrete thrust 
block center section with a crest length of 1S5 feet; and {3) a 200-
foot-high curved earth or gravelfill left abutment section with a 950-
foot crest length. The crest elevation is 1,455 feet, m.s.l,. at the 
thin-arch section, and transitions to 1,461 feet, m.s.l. 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 .remedial 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 third 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 detailed discussion of 
foundations, borrow source areas, and seismology can be found in Section D. 

Spillway: The service spillway is loca~ed 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.l. 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 in a 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 Outlet Works: Four 11-foot by 7-1/2-foot gated sluice
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 level 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 18,55.0 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 Df 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 1of. head were selected.) As a compromise 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 can 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-: 1 for the drawdown curve. J·l: 

A rating curve .for the outlet works is shown on Plate B-12. · Each 
sluice has an emergency gate, a service ~ate, and facilities for injecting 
air around the periphery of the flow. A 30° 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 Plate B~l3. 

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-l/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 B-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 powerpl ant to the dam. · The .high-voltage cab 1 es pass through 
the dam via a gallery and then to the 345-kv· switchyard located on the 
left abutment. 

·Vehicle access to the powerplant is provided by a service road 
across the top of the dam and an a 11-weather road on the right bank of 
the river. The road is 2.3 miles long and includes 2,100 feet 6f 
tunnel (see Plate B-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 
capabi 1 ity wi 11 help meet downstream water qua 1 ity 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-di.ameter penstocks just before they enter the power
plant. Emergency gate regulation for all penstocks is provided by . 
bonnetted, wheel":'mounted gates installed in a gate chamber immediately 
upstream from the powerpl ant. Access 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 B-12). ·. . 

Model Studies: Anticipated hydraulic models for the Devil Canyon 
project are: (1) a general model showing spillway 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 syste~ 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 within 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 
tota:L 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 
selected for construction of contractors• and government camps, as well 
as permanent housing for operating personnel. The temporary construc
fion camps, located at the damsite, consist of trailers and multi-

. dwelling units. Permanent housing are to be compleled 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 1andscaped 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 is 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 sma 11 1 i ne stations near Ta 1 keetna and Healy. 

The data acquisition system at Devil Canyon consists primarily of 
reservoir and tailwater gages, and instrumentation to measure reservoir 
water temperature at -selected reservoir 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 Devi 1 Can~on Watana Total 

1. Devil Canyon-Low Watana (~905) 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 capabi 1 ity 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 8-2 and 8-6 for 
sull1Tiary and detailed cost estimates, respectively. 

Watana Dam: The Watana Dam was estimated for the following 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 been. discussed in detail. 
Refer to Tables 8-1 and 8-5 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 8-5. 

Low Watana conststs 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 .1. 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 agee 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 intake 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 Sus itna River. The method used in cofferdammi ng, 
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 1 ocation of the powerhouse chamber waul d be 
similar to that .of High Watana• s. The overall cost df the powerplant 
for Low Watana Dam were obtained from a method presented in Federal 
Power Commi.ssion (FPC) publication, 1968. Hydroelectric Power Evaluation 
using gross head and installed capacity of the proposed powerplant to 
obtain a cost~per-kilowatt value 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-lSQ) .. Low.Watana reserv.oir would hav-e 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 s~ope and cost to that of High'Watana, as are the buildings, 
grounds, and necessary utilities. A sunmary cost estimate for Low 
Watana is listed on Table·B~7. 

Mid-Watana dam consists of a 660-foot-high earthfill 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.l. 
Mid-Watana would utilize the right bank saddle.for its spillway location, 
as does High Watana .. The agee crest would be at elevation 2,005 feet,. 
m.s.l., 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 as is 
the total length downstream of the crest. The intake structure location 
would be similar to the other Watana projects. The diversi.on would be 
by two 30-foot...,diameter horseshoe tunnels, 3,800 feet in length, placed 
in the right bank of the Susitna River. 

The Mid-Watana powerplant would be underground also, with an esti
mated installed capacity of just under 500-MW. Its location would be in 
a chamber on the 1 eft abutment centered approximately under the dam· 
axis. The FPC cost estimating method, explained earlier, was applied to 
obtain overall powerplants costs. 

A 1 arge portion of the 1 ands within Mid-Watana reservoir are covered 
by the powersite withdrawal; however, additional acres would be required 
to meet acquisition regulations. Mid-Watana reservoi~ 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-high earthfill 
structure that raises the dam to its topographic limit. This height 
was estimated for seeping 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 constructioD 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 further considered. 
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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 cost esti
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. ( 1 7 50) 
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 s.v.stems: The four combinations studied as two-dam systems are 
tabulated below, with their total system costs in millions of dollars. 

sxstem Cost 

1. Devil Canyon (1450)-Denali (2535) 1,054.0 
2. Devil Canyon ~1450)-Low Watana (1905) 11100.0 
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.(l450)-Low Watana (1905)-Vee (2350) 
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1,440.0 
1,649. O· 
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)-Denali (2535) 
2. D.C. (1450)-Low Watana (1905)-Vee (2350)-Denali (2535) 
3. High D.C. (1750)-0lson (1020)-Vee (2300)-Denali (2535) 
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1,917.0 
1,967.0 
2,463.0 
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CONSTRUCTION SCHEDULE 

CONSTRUCT ION 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
tions would pennit. 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 
Watana 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. 

I Access Roads: The completion of the access road to Highway No. 3 and 
:' the upgrading of the pioneer road to the Watana dams ite 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 rese.rvoir 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 6f 
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 projectcosts 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 Canyon Dam, reservoir, and powerplant. All estimates are 
based on January 1975 price levels. The contingency used for all proj
ects, studied 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 ($) ,000) 

01 LANDS AND DAMAGES 16 t 392 
03 RESERVOIR 9,180 
04 DAMS 479,775 

Main Dam 194,172 
Spillway 57,665 
Outlet 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 t 121 

Tailrace 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 EQUIPr·1ENT 1;800 
30 ENGINEERING AND DESIGN 39,638 
31 SUPERVISION AND ADMINISTRATION 49,498 

TOTAL PROJECT COST 1,088,000 
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SUt~MARY COST ESTIMATE 
JANUARY 1975 PRICE LEVEL 

DEVIL CANYON DAM AND RESERVOIR 
1450 FEET NORMAL POOL ELEVATION 

(SECOND-ADDED) 

FEATURE 
ACCOUNT COST 
NO. ITEM ($1,000) 

01 LANDS 1,444 
03 RESERVOIRS 3,456 
04 DAMS 219,543 

Main Dam 140,971 
Spillway 19,792 
Power Intakes 42,136 
Auxi 1 iary Dam 3,897 
Construction Facilities . 12,747 

07 POWERPLANT 147,977 
Powerhouse 42,702 
Turbines and Generators 57,808 
Accessory Electrical and 

Powerplant Equipment 10,475 
Tailrace 13 t 921 
Switchyard 19 t 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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SUMMARY COST ESTIMATE 
JANUARY 1975 PRICE LEVEL 

WATANA DAM AND RESERVOIR 
2200 FEET NORMAL POOL ELEVATION 

{SECOND-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 
Outlet Works 44,544 
Power Intake 123,298 
Construction Facilities 60,096 

07 POWER PLANT 232,305 
Powerhouse 67,229 
Turbines and Generators 50,649 
Accessory Electrical and 

Powerplant Equipment 11 '121 
Tailrace 47,287 

~"·" Switchyard 15,717 
·;ii Transmission Facilitie~ 12,667 ..... 

Construction Facilities 27,635 
08 ROADS AND BRIDGES 26,137 .,I• 

,,.. ~ .1 

14 RECREATIONAL FACILITIES 39 
19 BUILDINGS, GROUNDS, AND UTILITIES 3,565 
20 PERMANENTOPERATING EQUIPMENT 1,800 
30 ENGINEERING AND DESIGN 30,142 
31 SUPERVISION AND ADMINISTRATION 37,665 

TOTAL PROJECT COST j 837,000 
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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 ($1,000} 

01 LANDS 1,444 
03 RESERVOIRS 3,456 
04 DAMS 236,728 . 

Main Dam 140,971 
Spillway 19,792 
Power Intakes 42,136 
Au xi 1 i ary 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 
Ta i 1 race 13,921 
Switchyard 19,518 
Transmission Facilities 206,933 
Construction Facilities 8,343 

08 ROADS AND BRIDGES 31,266 
14 RECREATIONAL FACILITIES 512 
19 BUILDINGS, GROUNDS, AND UTILITIES 2,519 
20 PERMANENT OPERATING EQUIP~1ENT 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 ESTUfATE--Continued 1 
I 

WATANA DAM AND RESERVOIR 

Cost 
Account Unit Total 
Number Description or Item Unit Quant Cost Cost 

($) ($1,000) 

04 DAMS 
04.1 MAIN DAM (Cont'd) 

Drilling and grouting LF 145,000 18.75 2 '719 
Drainage system LS 283 
Right abutment seepage 
control LS 2,000 

Subtotal 161' 810 
Contingencies 20% 32' 362 

TOTAL, MAIN DAM 194 '172 

04.2 SPILLWAY 
Clearing and stripping AC 150 1,500.00 225 
Foundation preparation CY 8,500 16.00 136 
Excavation CY 10,530,000 3.00 31,590 
Concrete 
Mass CY 97,000 50.00 1+, 850 
Structural CY 15,100 325.00 4, 908 
Cement Cwt 240,000 4.00 960 
Reinforcing steel Lbs 1,510,000 • 60 906 
Anchor bars Lbs 37,000 1. 25 46 

Drilling and grouting LF 6,200 21.50 133 
Drainage system LS 250 
Tainter gates (3), 

complete LS 3,250 
Stop logs (1 set) LS 300 
Electrical and 
mechanical work LS 500 

Subtotal 48,054 
Contingencies 20% 9,611 

TOTAL, SPILLWAY 57' 665 

04.3 OUTLET WORKS 
Intake structure 
Excavation rock CY 41,000 15.00 615 
Foundation preparation SY 8,000 10.00 80 
Concrete 
Mass CY 20,400 50.00 1,020 
Structural CY 18,500 325.00 6,013 
Cement Cwt 82,000 4. 00 328 
Reinforcing steel Lbs 3' 055' 000 • 60 1,833 

286 



TABLE B-5 -DETAILED COST ESTIMATE--Continued 

WATANA DAM AND RESERVOIR 

Cost 
Account Unit Total 
Number Description or Item Unit Quant Cost Cost 

($) ($1,000) 

04 DAMS 
04.3 OUTLET WORKS (Cont'd) 

Electrical and 
mechanical work LS 100 

Gate bonnets EA 4 133,000.00 532 
Gate frames EA. 4 130,000.00 520 
Gates (slide) EA 4 285,000.00 1,140 
Trash racks EA. 4 96,000.00 384 
Tainter gates EA 4 395,000.00 1,580 
Excavation 
Tunnels CY 95 '300 125.00 11,913 

Concrete CY 21,700 300.00 6,510 
Cement Cwt 100,000 4.00 400 
Reinforcing steel Lbs 4,790,000 .60 2,874 
Elevator LS 1 200 
Stairs LS 1 100 
Steel sets & lagging Lbs 349,000 1.00 349 --· 
Rock bolts EA 3,700 170.00 629 

,_:II 

>·. 

Subtotal 37,120 
·-"'' 

Contingencies 20% 7,424 
···~ ·1 

/ 
TOTAL, OUTLET WORKS 44,544 

04.4 POWER INTAKE WORKS 
Intake structure 
Excavation CY 222,000 15.00 3,330 
Foundation preparation SY 3,700 10.00 37 
Mass concrete CY 39,500 50.00 1,975 
Structural concrete CY 69,200 325·.oo 22,490 
Cement Cwt 376,000 4.00 1,504 
Resteel Lbs 4,839,000 .60 2,904 
Emb. metal Lbs 35,000 3~00 105 
Trash rack LS 1 2,000 
Stairs LS 1 75 
Elevator LS 1 200 
Bulkhead gates LS 1 1,500 
Stop logs LS 1 1,500 
Electrical and 
mechanical work LS 1 1,600 

Truck crane LS 1 225 
Bridge LS 1 2,500 
Trash boom LS 1 300 
Tunnel excavation CY 79,000 125.00 9,875 

28·7 



' TABLE B-5 --DETAILED COST ESTIMATE-'-Continued 

Cost 
Account 
Number 

04 
04.4 

HATANA DAM AND RESERVOIR 

Description or Item Unit 

DMfS 
POWER INTAKE WORKS (Cont'd) 

Concrete CY 
Cement Cwt 
Resteel Lbs 
Steel liner 
Bonnetted gates 
Electrical and 
mechanical work 

Subtotal 
Contingencies 20% 

TOTAL POWER INTAKE Y-lORKS 

TOTAL DAMS 

Lbs 
LS 

LS 

Quant 

16,650 
84,000 

3,745,000 
21,000,000 

0 7 PO\vERPLANT 
07.1 POWERHOUSE 

Uobilization and 
preparatory work 

Excavation, rock 
Concrete 
Cement 
Reinforcing steel 
Architectural features 
Elevator 
Mechanical and 

electrical work 
Structural steel 
Miscellaneous metalwork 
Draft tube bulkhead 

gates 
Rock bolts 
Steel sets 

Subtotal 
Contingencies 20% 

TOTAL, PO\VERHOUSE 

LS 1 
CY ?02, 000 
CY 57,600 
Cwt 261,000 
Lbs 5,228,000 
LS 
LS 

LS 
Lbs 1, 250,000 
Lbs 150,000 

LS 
EA 563 
Lbs 102,000 

288 

Unit 
Cost 
($) 

300.00 
4.00 

.60 
2.00 

110.00 
325100 I 

4.00 
.60 

1.50 
3.00 

170.00 
1. 00 

Total 
Cost 
($1' 000) 

4,995 
336 

2,247 
42,000 

900 

150 

102,748 
20,550 

123,298 

419,679 

3,500 
22,220 
18,720 

1,044 
3,137 
1,000 

200 

3,300 
1' 875 

450 

380 
96 

102 

56,024 
11' 205 

67,229 



TABLE B-5 --DETAILED COST ESTll1ATE--Continued 

WATANA DAM AND RESERVOIR 

Cost 
Account Unit Total 
Number Description or Item Unit Quant Cost Cost 

($) ($1,000) 

07 POWERPLANT (Cont'd) 
07.2 TURBINES AND GENERATORS 

Turbines LS 20,608 
Governors LS 765 
Generators LS 20,834 

Subtotal 42,207 
Contingencies 20% 8,442 

TOTAL, TURBINES AND GENERATORS 50,649 

07.3 ACCESSORY ELECTRICAL EQUIPMENT 
Accessory Electrical 

Equipment LS 4,065 
Contingencies 20% 813 

TOTAL, ACCESSORY ELECTRICAL EQUIPMENT 4,878 

07.4 MISCELLANEOUS POl-IERPLANT EQVIPMENT 
:11 

-· 
~Us cellaneous Pc:werp lan t 

•• ~I' Equipment .LS· 5,202 ,. ~ 11 

Contingencies 1,041 

TOTAL, UISCELLANEOUS POWERPIANT. EqUIPMENT 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 L·s 5,826 
Insulated cables LS 1,030 

289 



TABLE B-5 --DETAILED COST ESTIHATE--Continued 

WATANA DAM AND RESERVOIR 

Cost 
Account 
Number Description or Item Unit 

07 POWERPLANT 
07.6 S\HTCHYARD (Cant' d) 

Switchyard 

Subtotal 
Contingencies 20% 

TOTAL, SWITCHYARD 

07.8 TRANSHISSION FACILITIES 
Transmission Facilities 

Contingencies 20% 

LS 

LS 

TOTAL, TRANSlUSSION FACILITIES 

TOTAL, POWERPLANT 

08 ROADS AND BRIDGES 
Permanent Access Road - 27 miles 
(Highway No. 3 to Devil Canyon) 
Clearing AC 
Excavation CY 
Embankment CY 
R~r~ cr 
Road surfacing (crushed) CY 
Bridges LS 
Culverts and guardrail LS 

Permanent Access Road - 37 miles 
(Devil Canyon to Watana) 
Clearing AC 
Excavation CY 
Embankment CY 
Riprap CY 
Road surfacing (crushed) CY 
Bridges LS 
Culverts and guardrail LS 

Permanent on-site roads 
Power plant access 

tunnel LS 
Power plant access road LS 
Darn crest road LS 

290 

Quant 

135 
210,000 
885,000 

2' 700 
216,000 

1 
1 

195 
360' 000 

1,244,000 
3,800 

304,000 

1 

1 
1 
1 

Unit 
Cost 
($) 

1, 500.00 
6.20 
2.00 

30.00 
12.00 

1,500.00 
6.20 
2.00 

30.00 
12.00 

Total 
Cost 
($1,000) 

6,241 

13,09 7 
2,620 

15' 717 

183,000 
36,600 

219 '600 

411,603 

203 
1, 302 
1, 770 

81 
2,592 

10,000 
3,000 

293 
2' 232 
2,488 

114 
3,648 
3, 700 
1,585 

5,096 
1,515 

80 



TABLE B-5 --DETAILED COST ESTIHATE-..,-Continued 

WATANA DAM AND RESERVOIR 

Cost 
Account 
Number Description or Item Unit 

08 ROADS AND BRIDGES (Cont'd) 
Spillway access road LS 
Switch yard access road LS 
Road to operating 
facility LS 

Power intake structure 
access road LS 

Subtotal 
Contingencies 20% 

TOTAL, ROADS AND BRIDGES 

14 RECREATION FACILITIES 
Site D 

Camp units (tent camp) 
Vault toilets 

Subtotal 
Contingencies 15% 
Total Site D 

Site E 
Trail system 

Contingencies 15% 
Total Site E 

TOTAL, RECREATION FACILITIES 

EA 
EA 

MI 

19 BUILDINGS, GROUNDS, AND UTILITIES 
Living quarters and 

O&M facilities 
Visitor facilities 
Visitor building 
Parking area 
Boat ramp 
Vault toilets 
Runway facility 

Subtotal 
Contingencies 20% 

LS 

LS 
SF 
LS 
EA 
LS 

Quant 

1 
1 

1 

1 

10 
'2 

12 

12,000 

2 
1 

TOTAL, BUILDINGS, GROUNDS, AND UTILITIES 

291 

Unit 
Cost 
($) 

1, 800.00 
2,000.00 

1,000.00 

3.00 

2,000.00 

Total 
Cost 
($1,000) 

380 
200 

200 

250 

40' 729 
8,146 

48,875 

18 
4 

22 
3 

25 

12 
2 

14 

39 

1,631 

100 
36 

200 
4 

1,000 

2,971 
594 

3,565 



TABLE B-5 -~DETAILED COST ESTLMATE--Continued 

Cost 
Account 
Number 

WATANA DAM AND RESERVOIR 

Description or Item Unit Quant 

20 PERMANENT OPERATING EQUIPMENT 

50 

30 

31 

Operating Equipment 
and Facilities 

Contingencies 20% 
LS 1 

TOTAL, PERt~NENT OPERATING EQUIPMENT 

CONSTRUCTION FACILITIES 
Diversion tunnels 

Excavation 
Concrete 
Cement 
Resteel 
Steel sets and lagging 
Rock bolts 

Diversion outlet works 
Excavation 
Concrete 
Cement 
Rest eel 
Anchors 

Diversion inlet works 
Excavation 
Concrete 
Cement 
Rest eel 
Gate frames and 

Diversion tunnel 
Care of water 

Subtotal 
Contingencies 20% 

gates 
plug 

CY 
CY 
Cwt 
Lbs 
Lbs 
EA 

CY 
CY 
Cwt 
Lbs 
LS 

CY 
CY 
Cwt 
Lbs 
LS 
LS 
LS 

TOTAL, CONSTRUCTION FACILITIES 

TOTAL CONSTRUCTION COST 

ENGINEERING AND DESIGN 

SUPERVISION AND ADMINISTRATION 

TOTAL PROJECT· COST 
WATANA DAM AND RESERVOIR 
ELEVATION 2200 
(First-Added) 

292 

281,000 
48,750 

244,000 
11,544,000 

1,404,()00 
7, 800 

14,000 
7,500 

30,000 
1,500,000 

1 

43,000 
16,500 
58,000 

2,475,000 
1 
1 
1 

Unit 
Cost 
($) 

115.00 
275 .. 00 

4~00 

. 60 
LOO 

170.00 

15.00 
325.00 

4.00 
. 60 

15.00 
325.00 

Lf. 00 
. 60 

Total 
Cost 
($1,000) 

1,500 
300 

1,800 

32,315 
13,407 

976 
6,927 
1,404 
1, 326 

210 
2,438 

120 
900 
500 

645 
5, 363 

232 
1,485 

861 
3,000 
1,000 

73,109 
14,622 

87,731 

998,864 

39,638 

49,498 

1 ,088, 000 



DETAILED COST ESTTI1ATE 

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 DM1AGES 
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 DM1AGES (4,450) 
Construction cost 1,444 

!1. Economic cost (3 ,006) 
" ... 

03 RESERVOIR 
Clearing AC 1,920 1,500.00 2,880 -~i: 

Contingencies 20% 576" ,. ~ 11 

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 CY 

C'-c-
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 
Thrust block CY 25,600 60.00 1,536 
Foundation treatment CY 3,000 125.00 375 

293 



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 
04.1 MAIN DAM (Cont'd) 

Foundation, mass CY 15,250 50.00 763 
Structural CY 10,240 325.00 3,328 
Cooling concrete LS 2,000 
Contraction joint and 
cooling system 
grouting LS 1,135 

·Cement Cwt 3,779,000 4.00 15,116 
Pozzolan Cwt I 922,000 3.00 2,766 
Reinforcing steel Lbs 1,200,000 .60 720 

Gates 
Slide gates, frames, 
guides, and operators EA 4 345,000.00 1,380 

Miscellaneous' 
High strength steel 
strands Lbs 290,000 .· 2.00 580 

Earthquake anchorages LS 500 
Gantry crane LS . 385 
Gantry crane rails- Lbs 39,000 . 1.00 39 
Elevators LS 280 
.Stairways Lbs 105,500 5.20 549 
Instrumentation LS 115 
Rock bolts LF 50,000 10.70 535 
Chain-link fence LF 1,535 15.00 23 
Electrical and 
mechanical work LS 1,000 

Miscellaneous metalwork LS 170,000 3.00 510 

Subtotal 117,476 
Contingencies 20% 23,495 

TOTAL, MAIN DAM 140,971 

04.2 SPILLWAY 
Excavation, all classes CY 239,000 15.00 3,585 
Foundation preparation SY 7,520 10.00 75 
Drilling and grouting LF .8,000 25.00 200 
Anchor bars LF 48,000 1.25 60 
Drainage system LS 1 500 
Concrete 
Mass CY 37,000 50.00 1,850 
Structural CY 12,000 325.00 3,900 
Cement Cwt 152,000 4.00 608 

29.4 



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 st~el 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:ao 1 

, 402 
Structural and backfill CY 10' 430 ·325_.og.\/ 3,390 ·-~ •I 

Cement Cwt 74,000 ,_,--4:-ao 296 
Reinforcing steel Lbs 1,070,000 .60 642 

Penstocks Lbs 8,175,000 2.00 16 '350 
Bonnet ted gates and 
controls EA 5 1,375,000.00 6,875 

Stop logs, complete LS 914 
Trash racks Lbs 1,224,000 1.50 1,836 

Subtotal 35 ,ll3 
Contingencies 20% \ _, 7,023 

TOTAL, POWER INTAKE WORKS 42,136 

04.5 AUXILIARY DAM (EARTH FILL) 
Excavation 

Dam foundation CY llO ,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 

295 



TABLE B-6 --DETAILED COST ESTIMATE--Continued 

DEVIL CANYON DAM AND RESERVOIR 

Cost 
Account 
Number 

DAMS 

Description or Item Unit· Quant 

04 
04.5 AUXILIARY DAM (EARTH FILL) Cont'd) 

Cement Cwt 13,500 

Subtotal 
Contingencies 20% 

TOTAL, AUXILIARY DAM 

TOTAL, DAMS 

07 POWERPLANT 
07.1 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 

07.2 TURBINES AND GENERATORS 
Turbines 
Governors 
Generators 

Subtotal 
Contingencies 20% 

LS 
CY 
CY 
Cwt"' 
Lb's 
LS 
LS 

LS 
Lbs 
Lbs 

LS 
LS 
LS 

TOTAL, .TURBINES AND GENERATORS 

296 

1 
120,000 
20,000/ 

100,000. 
4,600,000 

1,200,000 
150,000 

/ 

Unit 
Cost 
($) 

4.00. 

110 .00' 
325.00 
~4.09 

.60 

1.50 
3.00 

Total 
Cost 
($1,000) 

54 

3,247 
650 

3,897 

206 '796 

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 

57,808 

l 



,; 
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 Powerplant 

Equipment LS 2,129 
Contingencies 20% 426 

TOTAL, MISCELLANEOUS POW¥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 ... 
Resteel Lbs 3,163,000 .60 1,898 
Draft tube bulkhead "" 

gates LS 1 378 
Draft tube stoplogs 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 

59-735 0 - 80 - 22 



TABLE B-6 --DETAILED COST ESTIMATE--Continued 

DEVIL CANYON DAM AND RESERVOIR 

Cost 
Account 
Number Description or Item Unit 

08 ROADS AND BRIDGES (Cont'd) 
Culverts LF 
Tunnel L~ 

Road to operating 
facility 

Subtotal 
Contingencies 20% 

TOTAL, ROADS AND BRIDGES 

14 RECREATION FACILITIES 
Site A 

(Boat access only) 
Boat dock 
Camping units 
Two-vault toilets 

Subtotal 
Contingencies 15% 
Total Site A 

Site B 
Access road 
Overnight camps 
Comfort stations 
Power 
Sewerage 

· Subtotal 
Contingencies 15% 
Total Site B 

Site C 
Trailhead picnic area 
access road 

Picnic units w/parking 
Trail system 
Two-vault toilets 

Subtotal 
Contingencies 15% 
Total Site C 

Uile 

EA 
EA 
EA 

Mile 
EA 
EA 
LS 
LS 

Mile 
EA 
Mile 
EA 

TOTAL, RECREATION FACILITIES 
298 

) 

Quant 

850 
2,100 

2 

1 
10 

2 

0.5 
50 

2 

0.2 
12 
30 

2 

Unit 
Cost 
($) 

39.00 
2,975.00 

100,000.00 

25,000.00 
1,800.00 
2,000.00 

100,000.00 
2,500.00 

35,000.00 
25,000.00 
50,000.00 

100,000.00 
2,000.00 
1,000.00 
2,000.00 

Total 
Cost 
($1~000) 

33 
6,248 

200 

7,107 
1,421 

8,528 

25 
18 

4 

47 
7 

54 

50 
125 

70 
25 
50 

320 
48 

368 

20 
24 
30 
4 

78 
12 
90 

512 



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) 

19 BUILDINGS, GROUNDS, AND UTILITIES 
Living quarters and 

O&M facilities LS 1, 700 
Visitor facilities 
Visitor building LS 200 
Parking area SF 15,000 3.00 45 
Boat ramp LS 150 
Vault toilets EA 2 2,000.00 4 

' Subtotal 2,099 
Contingencies 20% 420 

TOTAL, BUILDINGS, GROUNDS, AND UTILITIES 2,519 

20 PERMANENT OPERATING EQUIPMENT 
Operating Equipment 

and Facilities LS 1 1,500 
Contingencies 20% 300 

~ II 

TOTAL, PERMANENT OPERATING EQUIPMENT -· 1,800 
,. 

'" 

50 CONSTRUCTION FACILITIES 
Coffer dams 

Sheet pile Ton 1,024 1,000.00 1,024 
Earthfi11 CY 38,000 5.00 190 

Diversion works 
Tunnel 

Excavation CY 32,000 115.00 3,680 
Concrete CY 5, 750 275. ool 1,582 
Cement Cwt 29,000 4.00 116 
Resteel Lbs 1,323,000 • 60 794 
Steel sets Lbs 157,000 1.25 197 
Rock bolts EA 1,150 170.00 196 

Diversion intake structure 
Rock excavation CY 6,800 15.00 102 
Structural concrete CY 3,800 325.00 1,235 
Cement Cwt 150;000 4.00 60 
Rest eel Lbs ~-.::. 750,000 .60 450 
Gates and frames LS 1 860 

Diversion outlet structure 
Rock excavation CY 6,800 15.00 102 
Concrete CY 3,800 325.00 1,235 
Cement Cwt 15,000 4.00 60 

299 



TABLE B-6 -~DETAILED COST ESTTIMATE-~Continued 

· DEVIL CANYON DAM AND RESERVOIR 

Cost 
Account 
Number 

50 

Description or Item Unit 

CONSTRUCTION FACILITIES (Cant 1 d) 
Resteel Lbs 
Anchors LS 

Care of water 

Subtotal 
Contingencies 20% 

LS 

TOTAL, CONSTRUCTION FACILITIES 

TOTAL, CONSTRUCTION COST 

30 ENGINEERING AND DESIGN 

31 SUPERVISION AND ADMINISTRATION 

TOTAL PROJECT COST 
DEVIL CANYON DAM AND RESERVOIR 

. ELEVATION 1450 
(SECOND-ADDED) 

300 

Quant 

750,000 
1 
1 

Unit 
Cost 
($) 

, 
Total 
Cost 
($1,000) 

.60 450 
250 

1,000 

13,583 
2, 717 

I 

, 16,300 

385 '779 

26,962 

19,259 

432,000 



ACCOUNT 'PROJECT 
NO. FEATURE 

01 LANDS AND DAMAGES 
02 RELOCATIONS 

w 03 RESERVOIR 
0 04 DAM 

07 POWERPLANT 
08 ROADS AND BRIDGES 
14 RECREATIONAL FACILITIES~ 
19 BUILDINGS, GROUNDS, AND UTILITIES 
20 PERMANENT OPERATING EQUIPMENT 

30-31 ENGINEERING AND DESIGN -
SUPERVISION AND ADMINISTRATION 

50 CONSTRUCTION FACILITIES 

TOTAL PROJECT COST 

SijMMARY COST ESTIMATES--OTHER PROJECTS STUDIED 
JANUARY 1975 PRICE LEVEL 

(Costs 1n $1,000) 

7,000 2,550 3,495 8,400 
13,000 ;. 

4,800 3,165 5,~60 7,650 
237,017 203,170 225,500 574,900 

143,788 159,~0 450,478 
1,500 19,968 . 20,:748 34,511 

39 39 : 39 512 
3,565 3,565 3~565 3,565 
1,800 1,800 1,800 . 1,800 

' 36,279 . 48,855 53,093 104,184 
35,000 50,100 54t000 80,000 

l 

340,000 477,000 527jOOO 1,266,000 

! ~ · ... ·-. ·-

4,381 4,381 12,050 12,050 

5,100 5,100 7,920 7,920 
165,058 165,058 287,229 287,229 
313,076 106,143 360,721 . 153,788 
47,587 24,849 48,231 25,493 

39 39 39 39 
3,565 3,565 3,565 3,565 
1,800 1,800 1,800 1,800 

62,638 44,309 79,419 60,090 
64,756 64,756 76,026 76,026 

668,000 420,000 877,000 628,000 
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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 can 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 long
lasting power alternative; much consideration is. given to developing the 
plan which will result in minimal environmental degradation. Therefore, 
this section will evaluat~ 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 living and to conserve fossil fuels for higher priority 
usage. 

The section also discusses the economic climate of the Railbelt 
service area, past and estimated future power requirements, power values, 
and costs of comparably financed al te.rnatives. 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 Territor~ of Alaska was published by the Bureau of 
Reclamation in December 1 48. This report presented existing and 
projected Alaskan growth and identified a number 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 possibility of a 
three-dam development of the Upper Susitna River Basin from which an 
estimated 5. 7 bill ion kilowatt-hours firm annual energy could be pro
duced. The proposed damsites are in the locations similar to those 
studied in this report. 

A Reeort on Potential Development of Water Resources in the Susitna 
River Basm 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 Denali. The total installed capacity for the 12:-dam system was 
estimated to be 1,249 megawatts. 

Devil Can*on Project, Alaska, was published by the Bureau of Recla
mation in Marc 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 powerpl ant and the 
Dena 1 i Dam. 

Reassessment Report on Upper Susitna River Hydroelectric Development 
for the State of Alaska was published in September 1974 by the Henry J. 
Ka1ser 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 11 Railbelt 11 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 area~ 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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during,theJormulation 'studies .. Impacts were meas~red in terr~s of 
to'ntr i buti ons . to· Reg i ona 1 Deve 1 opment ( RD) and Soc 1 a 1 We ll-Be1 ng ( SWB) , 
as well as National Economic Development and Environmental Quality. In 
accordance with Principles and Standards, the development of the EQ plan 
was implemented after it was determined that an alternative power source 
was economically justified. The contributions to the NED and EQ accounts 
represent the overall beneficial and. adverse impacts of the proposed · 
action, and the net gains of the RD account are measured by the effect 
on regional income, employment, population, economic base, environment, 
and social development. Impact on the SWB account is measured by the 
regional eff~ct on real income, security of life, health, and safety, 
education, cultural and recreational opportunities, and emergency pre
paredness. 

Technical Criteria:. The general guidelines which were followed during 
plan formulation entail three basic criteria: (1) That the growth in 
electrical power demand will be as projected by the Alaska Power Adminis- · · 
tration; (2) That the power generation development from any source or 
sources will satisfy projected needs; and (3) That a plan considered for 
development must be technically feasible. The APAloadprojections are 
based on a number of factors, one of which is population growth. In 
their analysis, APA utilized a number of population projections rather 
than adopting the Office of Business/Economic Research Science (OBERS) 
estimates per se. This was done because the OBERS projections to this 
time have proven unrepresentative of observed Alaskan growth. A more 
detailed discussion of the energy projections is presented in Section G 
of this appendix. 

By assuming that power development would proceed to meet demand 
rather than exceed demand, the ~reposed system of development would · 
require stage development to insure that excessive energy production 
would not stimulate the energy demand. In short, development was staged 
to meet the demand that could have been expected had conventional energy 
devel6pment proceeded under existing rates of growth. 

Inherent in the NED objective is the criterion that the alternatives 
considered be technically feasible· under existing engineering capabilities. 
This criterion is of particular importance when considering such alter
natives as geothermal, hydro, solar, and wind power resources. If the 
technical capabilities of the alternatives considered are not presently 
adequate to complement or enhance the existing integrated energy system 
of the study area, little value was given to the potential of the resource 
to meet loads in the period of this analysis (1985-1995) .. Analysis in 
this manner assured economic feasibility consistent with known technology, 

Natio.nal Economic Development Criteria: The economic criterion used in 
evaluating technically feasible alternative plans is similar to that 
used in most 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 100-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 100-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 operational -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 1J 
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.sl!bregions for purposes of description. These are 
dEmoted as the Cook Inlet, Gulf of Alaska and Tanana subregions. Pla.te 
C-1 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 econoiT\Y 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 from OBERS 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 +12.10F and 
the mean July temperature is +58.2oF. Record low and high temperatures 
at Anchorage are -38oF and +86oF. 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 Subregio~: 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 80 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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Ta.nana 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 990F and -650F. The mean daily January temperature is 
about -160F and the mean daily July temperature is about 60oF. 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 lnlet. 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 
1 (2,170 square miles). Knik, and Eagle Rivers. The rivers of the Kenai 
j Peninsula are relatively small, with the largest being the Kenai River 
~ with a 2,000-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. It also 
contains one of Alaska's important farming areas in the Matanuska-
Susitna valleys, with Palmer being the hub city. The subregion contains 
the 11 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 separate 
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 Rich&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 the Susitna 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 f1sheries are intensively used in many waters of the subregion. 
This a rea contains over ha 1 f the peop 1 e of the State as we 11 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, arc~ic 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 Inlet; 

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 o~ 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 ar~a. 

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 Cre·ek. King salmon spawn and rear in the same 
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streams as the silver salmon p·lus 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-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 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. to waterfowl. It is the 
principal nesting area fGr 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 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. 

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, apd 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 Willia~"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 ~ubregion, 
which contains a sizable amount of the Nelchina caribou herd's 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 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 ~nly 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 alptne-subalpine ar.eas 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, Fortymile, 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 Subrefion: There are approximately 2.6 million acres suitable 
for production o cultivated crops in the Cook lnlet-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 40°F) 
varies from 1,355 in the south, to 1,940 in the mid-region andl,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 may or may not be overcome by proximity of croplands. 

Gulf of Alaska Subre~ion: Potential agricultural and range resources of 
the subregion are ma1nly 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 theinterior is continental in nature, wHh warm summers 
and cold winters. Elevation is generally 1,000 feet or more. The area 
lies in the 11 rain shadow 11 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 
little 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 wi 11 develop in the near future. 
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Tanana Subregion: Some 3.6 million acres are suitable for prodoction of 
cultivated crops. The crop lands include approximately 810,000 acres 
which are lowlands of the l~nana and tributary rivers, another840,000 
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 ~ith temperatures 7QOF 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 · 
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 1,570~000 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 11 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 th.e 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 bi 11 ion 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 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 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 1 ists 4,431,000 acres of total 
forest land for the Copper River basin, of which 1,178,000 acres are 
commercial and subcommercial 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 million board feet 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. 
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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 subcommerc.ial 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·are large 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 Matinuska 
coal is in the Chickaloon formation, ranging in beds up to 23 feet in 
thickness. It is high volatile bituminous in rank, and ~orne 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 
B48,000 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. 
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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 1 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-beari.ng 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 
William 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 
~thin 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-l/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, 
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 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-1 shows the proportion of native residents in the various 
census divisions of the study area. 

Table C-1 

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

Census Division Population % Native 

Anchorage 124,542 3 
Cordova-McCarthy 1 ,857 15 
Fairbanks 45,864 4 
Kenai-Cook Inlet 14,250 7 
Matanuska-Susitna 6,509 4 
Seward 2,336 11 
Southeast Fairbanks 4,179 12 
Valdez-Chitina-Whittier 3,098 23 
Yukon-Koyukuk 4,752 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. l. 

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 Railbelt area population in relation to 
State totals. 

Table C-2 

Stud~ Area PoEulation As Percent of Total 

Year Total Alaska Stud~ Area lJ 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,p43 73 '1 01 57 
1960 226,167 157,979 70 
1970 302,173 220 '271 73 
1973 330,365 245.291 74 

Source: Estimate from Alaska 
G. W. Rogers. 

Regional PoEulation and Emplo,}'!l!ent, 

Source Note: Unless otherwise noted, all population statistics for 
1960 and prior years are from G.W. Rogers and R. A. Cooley, 
Alaska•s PoEulation and Economx. 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. 

]} The boundaries of the study area do not coincide with census districts, 
and, therefore, population figures for the study area are approximate. 

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 148,000 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. 
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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 

Manufacturing 
Food Processing 
Logging-Lumber & Pulp 
Other Manufacturing 

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

Trade 
Wholesale 
Retail 

Gen. Mdse. & Apparel 
Food Stores 
Eating & Drinking Places 
Other Reta i 1 · 

Finance-Ins. & Real Estate 

Services 
Hotel, Motels, & Lodges 
Personal Services 
Business Services 
Medical Services 
Other Services 
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Annual Average 

148,900 

14,900 
10.0 

134,000 

128,200 

3,000 
200 

2,600 
200 

14 '1 00 

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 



Government 
Federal 
State 
Local 

Table C-3 (Continued) 

Labor Force Summary--1974 

Misc. & Unclassified 

Source: Alaska Department of Labor 

Annual Average 

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

1,000 

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 960, 1971 

1960 1971 

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 

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

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 Ca~ita 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. 

TABtE C-6 
ALASKAN ECONOMIC INDICATORS 

1970 1971 1972 1973 . 1974 1975• 

f;fl: Total Resident Population 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 ~! ~~~~~ :~~~:yment 
93.1 98.3 104.2 109.!;1 128.2 154.5 

9.7 12.1 12.9 '13.9 14.9 16.0 
~ Wage & Salary Employment 
,2 Number Unemployed 
1- Percent Unemployed 9.0% 10.4% 10.5% 10.7% 10.0% 9.1% 

.F;,es;~.: ::: 
ta:iYJ Wage & Salary Payments . 
i 0 Total Personal Income 

$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 

:E. Alaska Gross Product 
t! \ i .~ 

2,196.4 2,354.7 2,508.3 2,756.3 3,790.0 5,800.0 

"Estimates 

Sourer.: 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 Economy, Department of Commerce and Economic 
Development. Mid-Year Review, 1975. 

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 f 
' 

Petroleum: Value $257,562 $235,444 $261,877 $438,54 
Volume - 1,000 42 gal. barrels 79,494 72,893 72,323 71,54 

Natural Gas: Value $ 17,878 $ 18,463 $ 19,483 $ 29,66 
Volume - MMCF 121,618 125,596 ·131,007 144,02 

Sand & Gravel: Value $ 32,806 $ 15,214 $ 19,913 $ 24,93 
Volume- 1,000 short tons 23,817 14,187 14,999. 18.74 

Gold: Value $ 537 $ 506 $ 695 $ 1,31 
Volume- Troy ounces 13,012 8,639 7,107 8,18 

Other Minerals: Value $ 14,040 $ 16,511 $ 26,821 $ 28,74 

Total $322,823 $286,038 $328,789 $523,20 

Employment 

Petroleum Industry 2,090 1,792 1,671 2,58' 
All Other Minerals 340 321 .296 391 

Total Mining 2,430 2,113 1,967 2,97 

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.l970 and has 
been declining slowly sincethen. 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 Railbelt 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 
lfhan 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-1. 
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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. Vaiue ~ 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 ll. 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: A 1 aska 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 fs considered to have present or future 
co11111ercial development potential. This includes present production 
within the study area on the west side of Cook Inlet, near Tyonek, and 
in the Chugach National Fares~. 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 

niore than offset the poor performance of the 1 umber 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. 

GRAPH C-2 
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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. 
Consistentgrowth 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 Southcentra 1 Ra i1 be 1t a rea • power is provided by sever a 1 uti 1 ity 
systems as well as industrial and national defense power systems. Table 
C-9 provides a sununary of existing generating capacity as of mid-1974. . 

TABLE C-9 

SUMMARY OF EXISTING GENERATING CAPACITY 

Installed Ca~acity - 1000 kw 
Diese1 Gas Steam 

Hydro IC Turbine Turbine Total 

Anchorage-Cook Inlet Area: 
Utility System 
National Defense 
Industrial System 

Subtotal 

Fairbanks-Tanana Va 11 ey Area:
Utility System 
National Defense 

Subtotal 

Valdez and Glennallen 

45.0 ' 13.5 
9.3 

10.1 

w.9 

32.1 
14.9 

47.0 

6.2 

341.7 14.5 414.8 
49. 5. 58.8 

2.3 12.4 

34-4'. 0 64.0 ~86.0 

42.1 53.5 127.7 
63.0 77.9 

105.T 53.5 205.6 

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 Al~ska 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. Gas turbine 
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 
Rail belt 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 project1ons 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 recommendations, the projections based on 
the mid-range growth scenario were adopted for this study. The mid
range projection is based on utility systemgrowth 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. 

Table C-10 summarizes the mid-range load projections for the 
Railbelt area. 

362 



ESTIMATED RAILBELT AREA POWER REQUIREMENTS - MID-RANGE GROWTH RATE . ' ' 

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

Demand Energy Demand Energy Demand En~rgy Demand En~rgy 
1000 kW 106 kWh 1000 kW 1 o6 kWh 1000 kW 10 kWh 1000 kW 10 kWh 

Utilities 

Anchorage 284 1305 590 2580 1190 5210 2510 9420 
Fairbanks 83 330 150 660 290 1270 5TO 2230 -

Total 367 1635 740 3240 1480 6480 2660 11 ,650 

National Defense 

Anchorage 33 155 35 170 40 190 45 220 
(o) Fairbanks 41 197 45 220 50 240 55 260 
o-
W· 

Total 74 352 80 390 90 430 100 480 

Industrial 

Anchorage 10 45 50 350 100 710 410 2870 
Fairbanks .!J 

Total 10 45 50 350' 100 710 410 2870 

Total 

Anchorage 327 1505 675 3100 1330 6110 2605 12,510 
Fairbanks 124 527 195 880 340 1510 565 21490 - -

Total 451 2032 870 3980 ' ·1670 7620 3170 15,000 

17 Rounds to less than 1o MW for all years. 



APA Power Requirement Pro~ection Methodololy: Several basic assumptions 
underlie Alaska Power Adm1nistration'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?_ percent. The presumption 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 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 Resuirements: Utility system load estimates were 
compiled for existing 1ndividual 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. 

TABLE C-11 

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 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. 
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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, 1ndustrial 
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~yiew and estimates of power requirements for Alaska's fishery, 
forest products, petroleum, natural gas, coal, and other mineral indus
tries, all premised on significant identified resource potentials and on 
power needs for simi.lar developments elsewhere. Several qualifying 
assumptions were made by APA to adapt this study for use in the marketa
bility analysis. · 

1. Power requirements for fish processing industries and--support 
services for industrial development are not included, having already 
been addressed in the "utility 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 e~timate 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 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. 
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Surmnary: 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) 

ESTIMATE: 

Higher Range 
Likely Mid-range 
Lower Range 

1974-1980 

12.4 
9.6 
7.5 

1980-1990 

20.2 1/ 
6.7-
5.8 . 

1990-2000 

3.0 
7.0 
4.0 

17 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. · 

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. 
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Graph C-5 depicts the relative shares through time of the three 
demand sectors analyzed by APA. Utility sys-tem 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. 

GRAPH C-5 
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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 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 AlaskaPower 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. 

Actual 
3 percent Growth 
MAP 
NBA 

. OBERS (Series E) 

TABLE C-13 

STATE POPULATION ESTIMATES (1000's) 

1960 1970 

226 302 
(Alaska Power Survey) 

1975 1980 

386 (est.) 
410 
471 
500 
333 

1990 

550 
738 

391 

2000 

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 
following the present boom period. To 1980, gross product is projected 
by the MAP model to ~ncrease at an annual rate of 7.0 percent in the 
Anchorage-Fairbanks area, followed in the next decade by an annua 1 . 
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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. ~1uch 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 speculat·ive 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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ecific energy use and economic development assumptions of the mid
r:ange estimate reflect a realistic balancing of recent experience in 
Alaskan energy consumption growth with expected future development and 
~o~e efficient use of energy. For these reasons, the mid-range energy 
fequirement 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 ~rowth toward 'SOCially desirable 
goals is foregone. In the absence, however, of any such generally 
a-ccepted gro\'Jth 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. 

Problems and needs of the Railbelt area which are associated with 
ter 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 
tnterest 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; 11 

eluding prevention of further population growth, prevention of 
dditional industrialization, and cessation of expansion of urban 
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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 Railbelt 
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 peak·ing 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,ppul ar 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 antic·ipated 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 is a 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 
opportunity to view a terrain which had been previously inaccessible. 

Although the possibility for enhancing the navigability of 
t e 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 i~rigation water presumes a level of agri
cultural aevelopment 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 11 The Alaskan Way-of-Life 11
: The ·"Alaskan way-of-life 11 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 regretable 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 th~ 
ever-increasing energy demand. 

Conservation of Nonrenewable.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·il ity 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 11 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 . 
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POSSIBLE SOLUTIONS 

GENERAL 

Solutions considered in this investigation to meet electrical needs 
in the Southcentral Railbelt 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 Southcentral Railbelt 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 
tfmates of response to the basic water resource planning objectives of 

(economic viability) and EQ {contributions to environmental quality). 
. ih the NED considerations, in addition·to the purely economic factors, 

s-uch items as technical feasibility (Can it be done with existing tech
nology?) and scale (Does it do too little or too much?) were considered 

·;mportant, Within the EQ considerations, in addition to positive contri
. tions to environmental factors, a lack of adverse effects was considered 
sighificant .. The intent and effect of this brief screening was to rule 
outjmpracticable 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 
I 

No Growth: Restricting the growth in power demand and altering energy 
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 pol icy to restrict population growth and to apply to 
all forms of energy to be effective. This alternative would achieve the 
ma)dmum poss·ible conservation of nonrenewable resources and have minimal 
adverse environmental.effects. However, in the presence of the pro-
. ected trends in population and energy consumption growth and in the 

bsence of any indication of the required social and political atmosphere. 
the alternative is not considered realistic. Integral to any plan to 
restrict load growth would be a program to reduce waste and improve 
efficiency of electrical er1ergy usage. However. this is a desirable and 

aps necessary measure regardless of what alternative is adopted. 
Alaska Power Administration recognizes this in their load projections, 

suming substanti~l demand savings through conservation programs and 
ncreased efficiency in use of energy. 

Coal is the most abundant fossil fuel in the nation. Southcentral 
as has two extensive deposits. The Beluga River area, northwest of 

k Inlet, contains coal reserves of at least 2.3 billion tons or, 
-wise, an equivalent of almost 6 billion barrels of oil. Develop

of Beluga coals would enhance possibilities for coal-fired power 
tion at reasonable cost. Coal resources in the Nenana Fields in 

Southcentral Railbelt south of Fairbanks near Healy, Alaska, are 
more extensive than the Beluga River reserves, totaling at least 7 

llion tons. 

IA many cases, the major obstacle to increased coal usage is the 
lem of removing the high sulfur content in order to meet air quality 

tandards when the coal is burned. Other problems include environmental 
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impacts associated with strip mining, such as surface distu~bance, w~ste 
material disposal, 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 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 -which could be supplied by water trahs.
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 Rameart 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 natur~l 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 unit~ 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 energy needs should factor in 
··.~her costs for fuels, especially for oil and gas~ and should antici

ie national efforts to develop alternative ener~y sources that limit. 
·use of oil and gas for power generation. These factors invalidate 

previous power planning studies which are premised on assumptions 
cheap, long-range oil and gas fuel sources. 

Alaska power systems now depend on oil and gas for about 60 percent 
0 'f" total energy production, and by 1980, about 90 percent of the State's 
·electr.ic energy will come from these fuels. Estimated 1972 fuel use for 

. Aiaska's power systems included 1.4 million barrels of oil and 16 billion 
'clJI:>ic feet of natural gas. The use would increase to about 26 million 
ha:rrel:s of oil and 134 billion cubic feet of natural gas annually (if 
gav.ailable) by the year 2000 in meeting the midrange consumption level 
~~st ima tes. 

L· A/concentrated effort to develop alternatives for power generation 
:such as coal, hydro, and eventually nuclear power could result in 
;substantial reduction in demand for oil and natural gas. The lead times 
~hd large investments required to develop these alternatives reinforce 

. ttfie point that oil and natural gas must supply near future requir-ements. 

· The availability of oil and gas in Alaska could improve if more 
:feserves and facilities are developed. However, there .is no longer any
'r'eason to anticipate that A 1 as kan oi 1 and gas will pro vi de an abundant, 
':Cheap energy source for the long term. These fuels will be expensive; 
~f for no other reason, because there will 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 
,souJ'i'ce of electrical energy is viable for Alaska; however, a higher and 
:~etter future use of these resources can be made and, in all probability 
~ill be. Therefore, oil and natural gas-fired generation is not con
sidered to 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~ted with surface and 
s.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 
:Jhe nation is expected to be generated by nuclear power by the year 
··2000. By that time, breeder plants, which produce additional fuel while 

.. :~hey produce power, w.ill hopefully be available to take over a larger 
~s·hare 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. 
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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 ava i 1 abi 1 ity of more favorab 1 e coa 1 and hydro a 1 terna
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 
as a 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 capa-bilities 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'6f the 1arger 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 11 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 
atcrue 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 
higher system reliability. Interconnection of the Anchorage and Fairbanks 
load centers could 1 ead to cooperative 1 eng-range planning to allow 
~fficient 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 faci 1 ities. 
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 
developmentof a natural energy resource to be shared by the two Toad 
.centers, then obviously some of the abovementioned 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 Railbelt area to 
produce enough energy to meet anticipated load growth. This alternative 
is not considered feasible to meet the full energy needs of the Railbelt 
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, Southcentral, 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 Southcentral Railbelt area. 

ALTERNATIVE HYDROELECTRIC POTENTIAL IN THE SOUTHCENTRAL RAILBELT AREA 

Yukon River-Rampart Canton 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 southcentral Alaska. A 11 high damn proposal would develop 
firm annual energy of 21.9 billion kilowatt-hours. A 11 low dam 11 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 havean 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 
oam is located 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 transmission facilities 
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 1 ess 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 
faci.lity 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 ~he 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 Railbelt area. 

•·· A plan and profile of the potential damsites within this basin are shown 
· on Plates C-5 and C-6. 

ALTERNATIVE UPPER SUSITNA HYDROELECTRIC. PLANS 

Eight plans for hydroelectric development of the Susitna 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 earthftll 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 extendabout 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 the upper Susitna River. The report proposes an initial 
project consisting of an 810-foot-high, concrete-faced, rockfill dam 
located about 5 miles upstream from the Devil Canyon site. 

Devi 1 Canyon-Dena 1 i: Thi·s a 1 ternative two-dam system waul d 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. 

Devi 1 Canyon-~~atana: This alternative two-dam system waul d include the 
concrete dam at Devil Ca,nyon plus the earthfill 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-Dena 1 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 be455 
feet. . 

ALTERNATIVES CONSIDERED FURTHER 

Of the ll 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 

scope: 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. 

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 a 11 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 
::,meet firm energy 1 cads. 

Secondary Eneray: Electric energy having limited availability. 
dn good water years a hyro 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 
qsystem for which there is an apparent market. 

Capacity: 

Installed Capacity: The rating of the generators at design 
and best gate available for the production of saleable power. 

· Dependable Capacitf The assured peak load-carrying ability 
~bf a plant or system under a verse water conditions for the time interval 
dand period specified when related to the characteristics of the load to 
'~be supplied, expressed in kilowatts (or megawatts). 

• . Reserve Capacity: Capacity in excess of that required to 
carry peak load and which is available to meet unanticipated demands for 
power or to generate power in the event of scheduled or unscheduled 
outages. 
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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-siteor 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 measur.ed 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 capac1ty 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 Period: The period of time required 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.O.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 
ene~gy and annual peak loads. 

Area Load Factor: The ratio of the average load over a 
desi.gnated 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 wh.ich 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 
~bove 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 11 HEC-3 Reservoir System Analysis 11 

computer program developed by the Hydrologic Engineering Center, Corps 
of Engineers, Davis, California. Final results were verified using the 
11 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. 

Project 

Devi 1 Canyon 
High D.C. 
Watana 
Vee 
Olson 

Tailwater Elevations 
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Tailwater Elevation {ft) 

880 
1030 
1480 
1925 
875 
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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 ~e occupied by sediment at the end of 100 years. 
On the other hand, upstream development of the Watana project would 
result in negligible siltation in the Devil Canyon reservoir, 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 profile 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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ility, future studies should evaluate the feasibility for future 
· llation of additional units to permit an ultimate plant factor less 
. 50 percent. If additional units are deemed appropriate, then skeleton 

should be provided during initial project construction. 

w;' -~1onthl.Y E.nergy Distribution: The monthly energy distribution, as 
.ived by the Alaska Power Administration, was developed in accordance 

. present energy trends projected to reflect industrial growth within 
Railbelt area. Load distribution changes since 1961 have shown a 

increase in the requirements for the months of December and 
, and a decrease in summertime loads. This reflects a utility 

growth heavily .influenced by the peak-ing requirements of the com
tal and residential sectors. Any addition to the industrial base 
d tend to reverse this trend. Table C-14 shows the monthly load dis

ibution indicated by recent Railbelt utility statistics. Also shown 
the APA recommended distribution for the current study, which assumes 
rger industrial ~oad component. The shape of the load curve reflects 
need for reservo1r 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 
~emand, the flow distribution of the river must be considerably altered, 
~nd the need for a large amount of storage to accomplish this flow 
_control is apparent. · 

Flow Re uirements: Downstream flow requirements for recreational 
an fish and wildlife enhancement have been considered in selection 

·. t~e most attractive first-stage development. Although minimum flow 
'irements necessary for environmental considerations below Devil 

· nyon are not presently known, assessment of firm power reduction ~s a 
. lt 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 . 

gration. In the studies, pool elevations at the downstream reservoirs 
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. 

Oeeration Procedure: Reservoir regulation was accomplished by allowing 
storage releases as established by monthly rule-curves for each reservoir. 
ix curves were developed for each reservoir, with each level in all 
servoirs operating for a given downstream control point. The first 
le-curve for each reservoir is minimum pool storage and the last is 
11 reservoir. Intermediate levels are used as a means of controlling 

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 

the last month of the critical period, thus establishing the system's 
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1961 1970-72 Recorrmended 
Devil Utility For Current 

Months Canyon y Loads. y 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 B.O 7.5 7.7 

Total 100.0 100.0 100.0 

J] 11 Devil Canyon Project. Alaska." USBR feasibility r!!pcr~, March 1951.
l 

f1 Combined loads of CEA, AML&P. GVEA, and FMUS for the period 
October 1970 through September 1972. 

~ Assumes total requirements consisting of 25 percent industrial 
loads and 75 percent the above combined loads for the four major 
utilities. 
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· annual load-carrying capability. For the seeping analysis the 
alled plant capacity of each powerplant was then established based 

the annual 50-percent plant factor and the project firm annual energy 
ced during the critical period. The selected plan installed capacity, 

ver, is based on average annual energy and the 50-percent plant factor. 
,was decided not to use average annual energy as the basis for plant 

ty in the scoping analysis because of the undue weight that this 
would give to single projects with limited reservoir storage and 

secondary energy. Average annual energy was based on the average 
. produced by the selected generating capacity for the entire 

od of record. The critical period for each system studied was 
pendent on the storage capacity of the system and reservoir location. 

R POTENTIAL OF ALTERNATIVE DEVELOPMENT 

tives Considered: Initial studies were based on determining the 
:;;::...=:..~--p·lan for full development of the upper Susitna River above Gold 

Three plans were considered. 

The USBR 4-dam plan: Devil Canyon-Watana-Vee-Denali 

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 
li sites, and it was decided to evaluate alternative development 

without Vee, Denali, or both. This was done to permit recom-
tion of a first-stage development plan should it be considered 

irable to defer consideration of the Vee and/or Denali sites, pending 
ther evaluation of foundation problems. 

·Both single-dam and two-dam first-stage development were considered, 
·. li:Jding: 

1. Devil 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 0 so - 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 powerplant three miles downstream from Devil Canyon damsite. 
Olson Dam and reservoir would serve both for at-site power generation 
and for reregulation 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 Can~on, Watana, Denali: A three-dam concept consisting of 
Devil Canyon,atana, and Denali would n1ake 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 utilization 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 5illion 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, Hi h D.C., Vee Denali: A third proposal (the Kaiser 4-dam 
plan) consists of a low-hea dam 145 feet) and powerplant at 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 

394 



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 
ogtimistic. The High D.C. Dam can provide only half the storage capacity 

.l'hf the high Watana reservoir, although their heights 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. 
··fnto the four-dam scheme mentioned earlier, the system has a firm annual 
capability of 5.9 billion kilowatt-hours. This is approx·imately 0.9 
bill ion kilowatt-hours less than the three-dam system consisting of 

"'[)evil 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 kilowatt
Otj~ho'urs. A profile of this four-dam concept is shown on Plate C-9, and 

Table C-17 summarizes power data for the system with a High D.C. elevation 
.6f 1750 feet (structural height: 810 feet). 

\S~\' 

First-Sta e Develo ment--Sin le Project Alternatives: Power production 
·rom a sing e am irst-stage eve opment in t e Upper Susitna River 

"Basin is 1 imited 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 that 
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 

t elevations established for first-stage single-dam development were 
chosen for maximization of height consistent with technology~ topography, 
and full basin development. / 

Devil Can~on: 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 Stud~ 

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 

7 



USBR "FOUR-DAM SYSTEM 

Dev i l 

__ ------··--- ·-·-· ·-··-··-··- .. -------~;.9 ~y_o_r~----· 

Nonnal ~Ia Xi lliU!ll Pool 
Ele.v. ( ft) 1450 

~~ i ll i llH I Ill Pn~ver Pool 
Llev. ( f t) 1275 

Active StorJye Capa-
city (Acft) 790,000 

llependab lc c;,, pac i ty 
. { Mt~) 

Adjusted Tailwater 
Elev. (ft) 

702 

880 

Watana Vee Denali 
------------=~-----~~~~~--~~ 

1905 2300 2535 

1650 2111 2368 

2,310,000 820,000 3,770,000 7,690,( 

425 300 

1480 1925 

Ct·itical Period October 1968 thru May 1971 (32 months) 

Finn /\rHHJlll Encr9y 
(Billion kWh) 3.077 1.860 1. 315 6.: 

/\vc•ril~Je /\nrluill Eneruy 
(Billion kWh) 3.382 2.031 1.468 6.' 
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HIGH WATANA THREE-DAM SYSTEM 

1 Maximum Pool 
Elev. (ft) 

ive Storage Capacity 
(Acft) 

ndable Capacity 
MW) 

usted Tailwater 
Elev. (ft) 

rm Annual Energy 
(Bill ion kWh) 

age Annual Energy 
(Bill ion kWh) 

Devi 1 

1450 2200 

1275 1820 

790,000 8,125,000 

785 767 

880 1,480 

October 1968 thru April 

3.440 3.360 

3.506 3.405 

397 

1 i Total 

2535 

2368 

3,770,000 12,685,000 

1,552 

1974 (67 months) 

6.800 

6. 911 



KAISER FOUR-DAM SYSTEM 

Olson High D.C. Vee Denali Total 
/' 

Normal Maximum Pool 1018 1750 2300 2535 
El ev. ( ft) 

Minimum Power Pool 936 1430 2111 2368 
Elev. (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 
El ev. ( ft) 

Critical Period October 1968 thru May 1971 (32 months) 

Firm Annual Energy 0.821 3. 775 1.304 5.900 
(Billion k.Wh) 

Average Annual Energy 0.915 4.156 1.440 6. 511 
(Billion kWh) 
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The Devil Canyon reservoir was operated strictly for power production, 
the reservoir filled and spilled during each year of the study 
od including the yea.r 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 Watana 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 found~-
tion conditions permit. The potential of the High D.C. project is ' 
presented below. 

D.C. High Power Studx 

· Norm max res e 1 ev, 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 D.C. 

1 ,750 
1,430 
1.030 

720 
3;930,000 

800,000 

600 
300 
382 

32 

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 
poole evat1on at t e Watana site is, ependent upon the concept of full

•· .. sin development. By selecting a pool elevation of 1905 feet, the Vee 
ite is available for a full-basin development consisting of four 
. At this elevation, however, reservoir storage control at Watana 

· s not sufficient and upstream storage is required. This storage is 
vailable at the Denali site, assuming foundation conditions are deter
ned to be satisfactory, and the four-dam concept would be a very 

ttractive development. The Low Watana Dam could be considered for 
rst-stage construction in such a plan. As shown in the following 
ble, the generating head for-the Low Watana Dam is less than that of 

1 Canyon, but the larger storage volume at Watana allows production 
imilar to that of Devil Canyon as a first-stage development. 



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 

Watana (1905 ft.) 

1,905 
1,650 
1,480 

425 
2,310,000 

170,000 

252 
126 
177 

7 

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 
elevat1on o 2 0 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 surrvnary of the High 
Watana is given in the following table. 

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 

400 

Watana 

2,200 
1,820 
1,480 

720 
8,125,000 
1 ,300,000 

686 
343 
382 
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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 

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 ca'pacity, mw 
Firm annual energy, mw-yrs 
Average energy, mw-yrs 
Critical period, months 

Watana 

2,050 
1,740 
1,480 

570 
4,575,000 

625,000 

457 
228 
297 

32 

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. 

First-Stage Development--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. 
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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-da.m system was based on rule
curves that made maximum potential use of the active storage in both 
reservoirs. The Denali reservoir was heavily drafted during the months 
of 1 ow flow and it was a 11 owed to refi 11 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 

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 

Devil Canyon 

1,450 
1,275 

880 
570 

740,000 
260,000 

575 
285 
377 

Denali 

2,535 

3 '770 ,000 
80,000 

System 

4,510,000 
340,000 

575 
285 
3Tl 

32 

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 
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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. 

Devil Ca~yon-Low Watana Power Study 

Project 

'Norm max res elev, ft. 
Min power pool elev, ft. 
Avg tailwater elev, ft. 
Max generating head, ft. 
·usab 1 e storage, Ac-ft. 
·oead storage, Ac-ft. 

;Dependable capacity, mw 
'firm annual energy, mw-yrs 
Average energy, mw-yrs 
Critical period, months 

Devil Canyon 

1,450 
1 ,275 

880 
570 

790,000 
260,000 

460 
230 
322 

Watana 

1,905 
1,650 
1,480 

425 
2,310,000 

170,000 

270 
135 
190 

System 

3,100,000 
430,000 

. 

730 
365 
512 

19 

With the exception of the most critical year, both reservoirs filled to 
capacity each year.·. The severity of the Devil Canyon pool fluctuation 
has been drastically reduced. Although the Devil Canyon pool attained 
~aximum 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 
allowed Devil Canyon to maintain a full-pool elevation with the only 

· .D~ctuations taking place during the critical period. Average annual 
'Watana pool fluctuation is 125 feet. 
'i ;' 

Devil 'Canyon-t·1idheight Watana Power Study 

,Project Devil Canyon Watana System 

~orm max res elev, ft. 1 ,450 2,050 
'Min power pool elev, ft. 1,275 1,740 
Avg tailwater elev, ft. 880 1 ,480 
~ax 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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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. 

Devil 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 
Hternative 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 
6f hydroelectric power is measured by the cost of providing the equiva
J~nt power from the most likely alternative source, as determined by the 
l;:1ederal Power Commission. Although alternative projects are assumed to 
·6e non-Federally financed, the coping analysis was made using the federal 
f}nancing Power Values developed by FPC. Flood control, area redevelop
~~nt, and transmission intertie benefits were estimated by the Alaska 
bi~trict, 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 
f~75 Alaska Construction Index . 

. (!;. 

The feasibility test entailed the evaluation of maximization of net 
benefits consistent with engineering judgement. 

·, 

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 · 
Rroject formulation and scoping. This is in compliance with.the method
qlogy contained in Principles and Standards for p·lanners, as published 
Jn Federal Register 1973, Volume 38, Section 134, which requires that 
~rojects meet the test that there is no more economical means, evaluated 
gn, a comparable basis, of providing project services. 
-r·; 

·' 
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Project 

Watana 
Watana 
Watana 
Watana 
Watana 
Watana 
Watana 
Watana 
Devil Canyon 
Devil Canyon 
Olson 
High D.C. 
Vee 
Vee 
Denali 

PROJECT COST ESTIMATES 

Pool 
Elevation 
(1t. MSL) 

1905 
1905 
2050 
2050 
2200 
2200 
2250 
2250 
1450 
1450 
1020 
1750 
2300 
2350 
2535 

Construction 
Seguence 

1st Added 
2nd Added 
1st Added 
2nd ·Added. 
1st Added 
2nd Added 
1st Added 
2nd Added 
lst Added 
2nd Added 
2nd Added 
lst Added 
2nd Added 
2nd Added 
2nd Added 

1/ Reconnaissance grade estimates 
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Construction 
Costs 

{$1 000) 

668,000 
420,000 
877,000 
628,000 

1,088,000 
. 837,000 
1 '153 ,000 ' 

907,000 
714,000 . 
432,000 
380,000 lJ 

1,266,000-
477,000 .. · 
527,000 ,, 
340,000-



~nalyzed was assumed to be five years, and IDC was based on the formula 
~f 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 
~ost 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 6-1/8-percent interest rate and 100-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 results 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 derivation 
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 
Rai.lbelt 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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~ 

0 

AVDAGI! 4BNIJAL. ALTD.M!]V! SYJITJ!III COSTS 

scona; AliAI.Ysu 

lnter•at 
During JnveatD:aenr, 

Siotem of Da•Q1o~n~ Conettuctton. Coat 
($1,000) ($1,000) 

Devll Canyon, Dendi, Vee (2300), Wat~na (190:5) 2.14,701 1,616,825 
ll!!rdl Cally on, Denali, Vee (2350), Watana (1905) 218,927 I, 648,651 

Rlsh D. c., ulson, Den~ H. ve~ (2.300) 295,775 2,227,3&6 

Qevt1 Canyon, Watana (2200), tl...,all 233,191 1, ]5.6' 868 
oe\11.1 Canyon,. Vatana' (20SO) , D"anaU 209,519 ' 1,577,803' 
Devil Canyon, WatBJla (190!i), Oandi 185,855 l,Jg9,59!i 

llevtl Canyon, Watana (2250) 21Z,!i22 1,600,423 
Dnll Callyan, Watalla (1200) 204,558 1,540,449 
Devil canyon, Watana (205(1) 180,780 1' 361,384 
Devll Cmyon, Vat ana (1905) 157,116 1,183,176 

225,701 1,699; !i78 Watana (2250), Devil Cany~ 
41 llatana (2200) , Dm 1 canyon. - 21.5 ,74a 1,624,725 

Vat ana (22SO}, Devil Canyon 183,440 1,181,416 
Wahne (190'), Devil C•DJ'an 151,437 1,140,413 

Devll Canyon, D~~n~~li 148,014 1,114,614 

Devll Canyon 109,331 823,331 

High lJ, C. 193,856 1,459,856 

llatana (2200) 166,600 1,254,600 
Vat ana (2050) 134,291 1,011,2'11 
Watana (I 90S) 101,288 710,288 

Not•e: 

1. IIUmbBr tn parenthesis repreaent• tbe noftlll1 maximum pool o1evat.ion of that: project. 
I. Avarago( Annual lftV118tlllllllt Coati cOIIIpqte(l at 6•118 pll'l!'<:ent ~n~er ·100 yean. 

Anro11.t> Am>•l 
lnveatm.tmt 
Coat 
($1,000} 

99,2H 
101,243 

136,164 

107,891 
96,894 
85:950 

102. ll6 
94,600 
83,604 
72.660 

104,379 
99,176 
B4,SJ4 
70,034 

68,451 

50,561 

89 ,6!11 

17 ,0'16 
62,104 
47,304 

l. i'roja.:t •t•pna in ••t..£ar.a u •hoom u(l each projact wa• •n..;.,., to haft • flv.a..,aal' eonatnetion tiM. 
4, s ... Selac:ted l'liiD far li'iDIIl CootE UUaatall. 

Total 
Av•rage Annlltll AY<!rage Ann.,.1 

'm~OOO) 
Conh 
($1,000) 

3,200 102,491 
3,2.0ll 104,44~ 

l,200 l39, 984 

2,200 110,091 
2,200 99,094 
2,200. as.Ho 

2,000 104, JJ6 
2,000 96,600 
2,000 8!i,604 
z,ooo 74,660 

2,000 106,379 
Z,OOO 101,776 
2,000 86,834 
z,ooo 7~,034 

1,200 69,651 

1,000 51,561 

1,000 go, sn 

1,000 78,046 
1,000 6l,1Dlt 
1,000 48,l0lt 



Ca bil ties: Gross power generating capabilities of the various 
ve pro ects and systems are summarized on Table c~20. The 

able capacity of each project and system evaluated was determined 
dividing the firm energy by the appropriate plant factor (50 percent). 

though 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. 

;.,.;!,.;:...;;:.;.;=~~~n~L:ro;..;s-:-s7es~.= Line losses for the Railbelt transmission system 
es rna us ng data furnished by the Alaska Power Administration. 

the preliminary analysis, all systems evaluated were assumed to 
four-percent losses for capacity, and one-percent losses for 
. More precise transmission losses were developed for the selected 

· ian ·the Alaska Power ·Administration, Section H. In both cases, the 
· osses were subtracted from the energy and capacity capabilities of the 
· tern prior to derivation of benefits. The transmission losses estab-

shed for the selected plan are given in the Selected Plan portion of 
this section. 

":":__·:, . 

. Because some of the systems analyzed would have adequate capability 
·meet the projected load plus losses until the time that all capacity 

is needed to serve the load, transmission losses were not deducted for 
the concurrent period of time when capacity and energy were greater than 

nd. · 

: The analysis of usable energy and 
..:;.:..;;;;.::;...:-r:-;.....;..;,..-s~;;.;.....,~a~r-~~.,......;.;.,:;;_~o·ad est i rna tes prepared by A 1 as ka Power 

inistration and presented in their marketability analysis (Section 
Based on the projected energy requirement for the market area, if 

· existing utilities, facilities, or plants were displaced, all of the 
:power output from full-basin development could be utilized within 13 
'Years after the initial power-on-line date of 1985. Ther,efore, by the 
;year 2000, full benefits would be realized from the capac'ity and energy 
1bf the Upper Susitna River Basin. Power from systems of less than full
tt6asin development would of course be fully absorbed earlier. 
,a.t· 

. However, opportunities do exist for displacing some energy which 
;.·could theoretically be produced by existing thermal plants. If the cost 

hydro energy is cheaper than the cost of producing energy at the 
isting thermal plants, it is to the utilities' advantage to shut down 

thermal plants and purchase hydro energy. This would serve to 
·~~·~"~fossil fuel, which would otherwise be burned. The thermal 

ants would be held in reserve and would still be given full credit for 
ir capacity. The amount of thennal energy that could be displaced is 

pendent on prevailing fuel costs. 

Alaska Power Administration, in their marketability analysis, 
timates that a substantial amount of thermal energy will be displaced. 
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Total Basin Development 

USBR 4-0am Plan 
High Watana 3-Dam Plan 
Kaiser 4-Dam Plan 

First Stage-Single Dam 

Dev11 Canyon 
High D.C. 
Low Watana 
Mid Watana 
High Watana 

First Stage-Two Dam 

Devil Canyon - Denali 
Devil. Canyon - Low Watana 
Devil Canyon - Mid Watana 
Devil Canyon - Hig.h Watana 

POWER GENERATING CAPABILITY OF 
ALTERNATIVE HYDRO PROJECTS AND SYSTEMS 

UPPER SUSITNA RIVER 

1427 
1552· 
1347 

205 
594 
228 
479 
10& 

571 
731 

1062 
1427 

At-Site Hydro Capabilities 

6250 
6800 
5900 

900 
2600 
1000 
2100 
::Jioo 

2500 
3200 
4650 
6250 

750 
600 
750 
550 
ji'Q 

700 
1270 
1000 
550 

y 
JJ 

Values include 4 percent capacity transmission losses and 1 percent energy transmission losses. 
c.-

See Table 27 for power capabilities based on Average Annual Energy. 

At-Market Hydrp Capabilities 1 
Dependable Firm Seconda 
Capacity · Energy Energy 

(MW) (106 mwh) {106 mw 

1370 !I 6188 623 
1490 1/ 6732 110 
1293 5841 605 

197 
570 
219 
460 
~78 

548 
702 

1019 2/ 
1370-

.. 891 
2574 

. 990 
2079 
:J!)I.q 

2475 
3168 
4604 
6188 

743 
594 
743 
545 
3't7 

693 
1257 
990 
545 



total amount of firm energy which could be marketed, including both 
oad 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 
oiilY 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 (Plate C-10), . 

·and it would be difficult for the system to absorb that amount of energy 
iri the early years. If a storage project is constructed first or added 
tba 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: limited by the restriction that the total energy marketable in any 
g'iven year cannot exceed 75 percent of the Railbelt utility load). 

To simplify analysis during the preliminary scoping studies, it was 
sumed that the full energy output {prime plus secondary) was market-

. e, in accordance with the APA projections of load growth and thermal 
· displacement. 

Federal Power Commission•s estimate of how much capacity can be 
a sorbed in the Railbelt area from 1985 through 1993 is contained in 

pendix 2. This estimate assumes some retirement of old thermal, but 
sumesmuch of the thermal operating in 1985 will continue to be available • 

. ~ska Power Administration estimates a larger percentage of the existing 
ermal will be retired or placed in cold reserve; their estimate of 

· ble capacity again being up to 75 percent of the total Railbelt 
tility load. Table C-21 lists usable capacity estimates of both APA 

FPC. In the economic analysis, the more conserva"tive FPC estimate 
s used. However, for purposes of comparison, an analysis of the selected 

_an was alsomade using APA•s estimate of usable capacity. 

~:.;;.;..-:...;::..;.;::..=;,;....::.:~.;..;.:.~~-..:...::..=....,;..;;.--:.;::,;:..: The basic power values and alterna
were developed by the San Francisco 

ional Office of the Federal Power Commission. Copies of their letters, 
12 August 1975, and 20 August 1975, furnishing power values and 

,., .... _~-ative costs, are included in Appendix 2. Power values were'divided 
two components, the dependable capacity value and the energy value. 
and insurance costs, as applicable, are included in the power 

.. ue. The method of analysis used by the FPC in developing power 
s is presented in Hydroelectric Power Evaluation, by the Federal 
Commission, dated March 1968. 
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1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

USABILITY OF POWER FROM UPPER SUSITNA 
HYDRO PROJECTS 

Annual Energy, 106 kWh 
APA Estimate 

Dependable Capacity, MW 

3450 
3690 
3955 
4235 
4540 
4860 
5150 
5470 
5800 
6150 
6510 

FPC Estimate APA Estimate 

117. 
213 
328 
449 
575 
765 
932 

1110 
1280 1/ 
1450 T/ 
1640 !I 

790 
850 
900 
960 

1030 
1110 
1170 
1240 
1320 
1400 
1490 

17 FPC extended their estimate only to the point where 1233 MW could 
be absorbed. 1233 ~~ 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. 
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·lt was assumed by FPC that output from the Susitna River hydro 
tern 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
a~-Cook Inlet. This allocation is based on load projections for the 
r 1985. In computing power values, it is assumed that without Susitna 
er hydropower, the loads of the Railbelt area would be met with 
rate thermal power installations to serve the two load centers. 

Federally-financed thermal plant alternative costs were based on 
e 6-1/8-percent interest rate, and public non-Federally-financed 

·~n~ow·n~tive thermal plant costs were computed at 6.25-percent interest 
for the Anchorage-Kenai area and 5.95-percent interest rate for the 

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. Since 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 
are.a makes the cost of combined-cycle .gas plants the most economical 
alternative for th·e Anchorage load center at the present time. 

Present FPC policy discourages utilizing natural gas plants as 
, lternatives to hydro projects in the contiguous United States, but not 
in Alaska~ FPC recognizes, however, that other Federal or State agencies. 
may impose restrictions 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-fifed 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 Inlet, as of December 1974, 55 percent of that total 
had been committed to State, national, and international users. A 
summary of the known reserves, as compiled by the U.S. Bureau of Mines, 
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, 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 
pl~oject 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 
field, 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 Bel1.1ga 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, 
stated in a speech to the American Society of Mi.l itary Engineers on 
30 October 1975, Ft. Richardson, Alaska, that his company loads to th€ 
Beluga coal field as literally the sole fuel source for post~1985 electrica· 
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 statement, 
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11 lf 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." 

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. 
will be based on both public non-Federally financed and Federally-financed 
alternative power values, and the final economic analysis of the selected 
plan w·ill 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 greater reliability 
and flexibility of hydro generation. 

Anchora7e-Kenai Power Values: The two alternative sets of at-site power 
values or the Anchorage-Kenai area are based on systems described as 
fallows. 

(1) Combined cycle generating plant with 450-~1W 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-r1W total capacity 
consisting of three 150-MW units; heat rate, 9,800 Btu/kWh, capital cost 
$585 per kilowatt; service life, 35 years; coal cost of $0.50 per mi1.iion 

· BTU; and a 10-percent hydro-steam adjustment. 

The results of the computed power values are summarized as follows: 
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Value of Power 

T,Y:ee of Financing 
Public-Non-Federal 1/ Federal 

(Price level-of 1/1/75) 

Dependable Usable Dependable Usable 
Market Area Fuel Ca:eacit) 

~ 
Ca:eacit) Energ,Y 

($/kW-Yr (M Wh) ($/kW-Yr (Mills/kWh) 

45% Annual Caeacit,Y 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 Caeacit,Y 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 

11 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 
a rea, composite va 1 ues 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 

Type of Financing 
Public-Non-Federal 1/ Federal 

(Price level-of 1/1/75) 

Market Area· 
Dependable 
Capacit1 

($/kW-Yr 

45% Annual Capacity Factor 

Coal-Fired Alter
native 

Combined Cycle 
Alternative 

88.85 

59.38 

51.8% Annual Capacity Factor 

Coal-Fired Alter-
native 

Combined Cycle 
Alternative 

89.93 

60.42 

1J Composite REA and Municipal 

Usable 
Energy 

(Mills/kWh) 

6.03 

6.80 

5.98 

6.74 

Dependable 
Capac it) 

($/kW-Yr 

79.21 

53.82 

80.28 

54.80 

Usable 
Energy 

(Mills/kWh) 

6.03 

6.80 

5.98 

6.74 

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. 

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 
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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 Redevelo ment AR : In accordance with Draft ER 1105-2-352, AR 
bene its are de ined 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
tion activity 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, schools and other facilities 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), Denali 
. 

177,614 10,905 
Devil Canyon, Watana (2050), Denali 156,624 9,617 
Devil Canyon, Watana ( 1 905) J Dena 1 i 135,735 8,334 

Devil Canyon, Wa tan a (2250) 162 t 790 9,995 
Devil Canyon, Wa tana F200) 155,761 9,564 
Devil Canyon, Watana 2050) 134 t 771 8,275 
Devil Canyon, Watana ( 1 905) 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) t Devil Canyon 110,469 6,783 

Devil Canyon, Denali 105,849 6,510 

Devil Canyon 71,704 4,403 

High D.C. 127 t 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 ~1AN-DAYS PERCENT OF TOTAL -

Operating Engineers 482,680 22% 
Teamsters 131 ,640 6% 
Laborers 482,680 22% 
Cement Ma s:ms 87,760 4% 
Car ~nters 351,040 16% 
Painters 65,820 3% 
Iron Workers 241,340 11% 
Electricians 131 ,640 . 6% 
Pipe Fitters 153,580 7% 
Sheet Metal Workers 43,880 2% 
Technical Engineers 21 ,940 1% 

2,194,000 100% 

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: 

Total 

Construction 

Supervisory 

MANPOWER NEEDS 

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 

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 
State. The actual number to be employed from the resident labor 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. 
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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 otherwise 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 1 ife 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 be r~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 ~xtent. 

Shared Reserves: Reserve capacity'within a load center can be des
cribeo 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 pf"Q~edure which attempts to determine statistically the proba
bility of<total or partial failure and the reserve requirements 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, 
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the concurrent peaking requirements leave little opportunity for sharing 
reserves. Furthermore, since it is estimated that the Anchorage thermal 
units will shift from the present gas turbine mode to that of Beluga 
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. 

Ener£1,Y.Cost Differentia): 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 t-1aximum 
Month Catacit,Y: Cataci t,Y: Line CaJacitl Energ~ Ca~acit.}! 

mw) mw) (mw (lO kw 1 
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 Ener9l Worth of Energ,)! 

(106 kwh) (1 o6 kwh) (Dollars) 

'1996 89.4 43.8 $ 350.400 
,.,.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 

. 2004 804.6 245.0 1,960,000 
·. 2005 thru 

'~. '2086 894 4!406.9 35 1255 1200 
!- r TOTAL 5,854.9 $46,839,200 

,The amortized value o·f.the $46,839,200 benefit rounds to $2,900,000 
·based on the 100-year economic life of the hydro project. 

The annual worth of the differential cost of energy is based on 
assumptions of the amount and time that energy couid be transferred and 
:the differential cost of energy in the two load centers. 

V'.~' '·, . 

·.Flood Control: Traditional flood control analysis involving the reduc
·>;tion o:P 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. Howe~er, the Alaska.Railroad has estimated 
that approximately $50,000 of annual maintenance of railroad bed could 
be el iminatedby 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 seeping ·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 Table.C-25. 
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SYSTD! SQEFITS • SCQP!NC AN&LJSIS 

Federal 
Financing 
Capacity Prime Energy Secondary Energy .All TOTAL 

sx•tem of nevdol!!!ent BENEFITS BENEFITS BENEFITS BENEFITS BENEYITS 
($1,000) ($1,000) ($1, 000) ($1,000) ($1,000) 

Devi 1 Canyon, Denali, Vee (2300), Watana (1905) 70,190 22.770 .5,531 10,971 109,461 
Devil Canyon, Denali, Vea (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, 'ilatana (1905). Denall 63,953 20,816 5,624 8,334 98,727 

Devil Canyon, Watana (2250) 84,267 28,153 J, 847. 9,995 126,262 
Devil Canyon, Watana (2200) 83,751 27,980 4,8!13 9,564 126,188 
Devil Canyon, Watana (2.050) 66,244 21,826 6,847 8,275 103,195 

~ Devil Canyon, wauna (1905) 47,!192 15,451 7,787 6,992 78,222 
too;~ 

Q) 

Watana (2250). Devil Canyon 84,223 31,051 2,100 9,773 127,147 
Watana (2200). Devll 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) J 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 

Righ D.C. 40,629 15,400 3,562 7,806 67' 391 

Vat ana (2200) 45,892 17,757 2,671 6,109 73,0251 
Vat ana (2050) 33,671 12,414 3,248 5,408 54,741 
Vat ana. (1905) 17,083 5,919 4,452 4,119 31,574 

Notes: 
1. Capacity Value: $80.29~w; Ebergy Value: $52.38/mp•yr. (Federal Fi~nelqg) 
2. Dependable capacity baaed on prime energy and 501. plant factor. 
3. Intereat rate at 6·1/8 percent over 100 yeara. 



Presented on Table C-26.is a summary of the economic evaluation of 
the systems analyzed. The table gives information on benefits, costs, 
and net benefits. 

Four alternatives were deemed worthy of further consideration. The 
USBR four-dam scheme appears quite a favorable project from an economic 
standpoint, as do the two- and three-dam schemes designed around a 
Watana project at a maximum pool elevation of approximately 2200 feet. 
Jhe four-dam scheme consisting of Olson, High D.C., Vee, and Denali does 
;not appear economically feasible, and therefore, this system was not 
lincluded 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,.· 
~11 single dam alternatives were eliminated from further consideration. 
lThe Devil Canyon-Denali combination was eliminated because it was econom
kcally marginal, and the power output of the system represents only a 
ifraction of the basin potential. 

In an attempt to maximize benefits from the USBR four-dam scheme, 
system benefits were computed based on two elevations for the Vee damsite. 

!The analysis indicates that net benefits increased as the Vee maximum 
fpool elevation increased above 2300 feet, and that maximum net benefits 
\are obtained for a Vee pool elevation of 2350 feet, just 11 feet below 
!Lake Louise water surface elevation. The power output from this system 
fwould be considerable, but the environmental impact could be the most 
!sever of the systems analyzed. Therefore, the system inclusive of the 
lower (2300 feet) Vee project was selected for further consideration. 

The Devil Canyon, Watana, and Denali system was analyzed for Watana 
,pool elevations ranging between 1900 and 2200 feet. Analysis showed 
;that based o~ power benefits, the most economical Watana three-dam 
[scheme is a Watana pool built to an elevation of about 2200 feet . 

. [B6wever, optimized net benefits from the three-dam scheme is not as 
~great as those from the two-dam system consisting of Devil Canyon and 
Ltbe Watana project with a 2200-foot normal maximum pool elevation, Graph 
t9. t: ( ' 
1~--

INED Plan and Construction Sequence: The two-dam Devil Canyon-Watana 
rsystem was selected as the NED plan on the basis of maximization of net 
!benefits. The sequence of construction influences the net benefits 
i()btained from the NED plan is apparent as shown on Graph 9. A summary 
;of the benefits and costs associated with the NED plan for both construc-
t-ion sequences is shown below: 
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SCOPING ECONOMIC ANALYSIS 

Total Average total Average 
S;[Btem of Develol!!ent Annual Costs Annual Benefits NET BEII!FITS 

($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 

.j:oo 
Devil Canyon, Watana (2050) '85,604 103,193 17,589 

Co), Devil Canyon, Watana (1905) 74,660 78,222 3,562 

, Watana (2250). D~vil 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 

Devil 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 
Watana (1905) 48,304 31,574 - 16,730 

1. Number in parenthesis represents the normal maximum pool elevation of the project. 
2. ,Project staging in sequence as shown and each project was assumed to ,have a five-year construction time. 
3. S~ year Watana construction and IDC based on annual expenditures would have resulted in an Annual Cost of $103,920,000 (Sse table 30). 



Construction 
Sequence 

SYSTEM COMPARABILITY 

AR And 
Power 
Benefits 
($1 ,000} 

Devil Canyon, Watana 126,188 

Watana, Devil Canyon 126,523 

The analysis shows the following: 

Annual 
Costs B-C 

($1 ,000) ($1,000) 

96,600 29,588 

101,776 24,747 

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 intangible 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. 

If the Watana project were first to be constructed, the following 
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 spi 11 s from Wa tan a 
would be considerably less than those of Devil Canyon. Furthermore, the 
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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 bf 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 b~nefits 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 .the 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, it is 
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 
percent 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 developments iss~mmarized on Table C-27. 
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Table C-27 

Prime 
Energy (106 kwh) 

Secondary 
EnerSLY (106 kwh} 

Two-Dam 1/ 
Three-Dam 2/ 
Four.:..Dam 3-

6,057 
6,603 
6,107 

1/ Watana (2200); Devil Canyon 

785 
110 
724 

21
1 

Watana (2200); Devil Canyon, Denali 
3/ Devil Canyon, Denali, Vee (2300), Watana (1905) 

Dependable 
Capacity (mw) 

1 ,518 
1 ,528 
1,520 

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. 

Area 
Power Flood Control Recreation lntertie Redevelo~meilt Total 

($1000) {$1000) ($1000) {$1000) ($1000) ($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 

The economic comparison, therefore, for the system of accounts 
is shown on the table below. For a full explanation of ho.w 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 

($1000) {$1 ooO") ($1ooo) ("$1000) {"$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 

These plans were selected because they are economically justified 
and they meet the objectives for meeting the load growth of the Railbelt 
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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SELECTING A_ PLAN 

~LTERNATIVES 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 mostprobable 
future if no Federal action is taken to meet the projected power needs 
bf the Railbelt and three diverse hydroelectric plans for utilization of 
'the power p~tential of the upper Susitna River. The four selected 
~1ternatives are: 

Coal 
Devil Canyon~Watana Dams 
Devil Canyon-Watana-Denali Dams 
Devil Canyon-Watana-Vee-Denali Dams. 

'EVALUATION OF ALTERNATi-VES ,• 

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 criter.i a derive from"' len~·. regu 1 a ti ons, and po 1 i ci es govern·i ng 
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 Powe~ 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 feasible~ · 

National.Economic Development Criteria: 
I 

' 
Tangible benefits must exce·ed project economic costs~ 

Each sepa·rabl 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 
quantita1;ive economic terms to the fullest extent possible. 
Annual costs are based on ~ 100-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. 
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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 sciences and environmental 
design arts in planning and utilization. 

The appHcation of overall system assessment of 
operational effects as well as consideration of the · 
1 oca 1 project a rea . ·- · · ··· · 

-
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 effects which cannot be 
avoidedi 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 intlusion 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. 
A coal-fired generation system could develop in a 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 comparability to the hydropower alternatives, a single lar_ge 
coal-fired complex located at the most favorable minemouth site (the 
Healy area) with a transmission system intertie 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 hydropowerplans. 

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. Inerluded 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 (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. Since the alternative 
values of electrical production and plant construction using coal as the 
fuel arethe 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 er\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 plant·would require an area of approxi
mately 40 acre~ fo~ the buildings and grounds. An additional area of 
about 90 acres would 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 l/ would be from 5.83 to 5.85 
million tons. Over the lQQ..;.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 suitabld 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 
activ~ 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 ~orface 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 produte 209,733 cubic yards 

. of material composed of 29~040 cubic yards ·o~·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.itweight of 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 1 and requ i remen~s. 
Actual field conditions could easily double or triple the strip 
mining acreage. · · 

The Healy .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/ Dall sheep range 
extends on both sides of the valley and along~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~moulting 
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 be, acre for acre, destruction of· important.wildlife 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 disturbed 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, 
1973. 
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.probability that sediments caul d not be prevented from reaching 
ams and being carried into the Nenana Riyer where the increases 

bidity could be expected to have adverse effects on fish popu
ris·~ Further, a 1 though the co a 1 is 1 ow in sulfur content, ground 

r and runoff waters in contact with the beds and the uncovered coal 
dues could well experience chemical changes which in turn could have 

effects on the Nenana River, its fish, and other aquatic biota. 

The operation of the generating p'lant would have environmental 
cts also. Even.with pollution control devices to restrict and/or 

harmful substances, there would be spme degradation of air 
aHty from combustion product's. These would include water vapor, 
r.IJoli ·particles, sulfur compounds, and unburned gases to the 1 imits 

tted by air quality regulations. The characteristic odor of 
ihg coal would be pervasive over a wide area including the Parks 

and raflroad which r~n beside the Nenana River through this 
Water, either from groundwfter sources, or more. likely, from 

na would be required to provide cooling for the steam condensers 
the plant. This water would need to be returned to the river in 

e for cold waters to continue the function of system. This could 
t a sharp change in the thermal regime of the river with possible 
e effects on its ecosystems. Alternatively, cooling towers or 
artificial means could be installed to avoid thermal pollution, 

t a s~bstantial increase in the costs of the p~oject. A third 
. source of possible environmental impacts from the plant lies in . 

need for disposal of the solid combustion wastes such as fly ash and 
.. s. These could be added to the mine wastes, thus increasing the 

of these spoil ridges or could be disposed on other lands. Either 
would involve probable adverse effects in that the ash-cinders 

id tend to hinder efforts at revegetation of the mine wastes while 
·i ng elsewhere waul d remove additi ona 1 acreage from wildlife habitat 

other beneficial use. The amount of waste, based on the coal content 
~oncombustibles, is estimated as up to 10 percent of the volume. 
,·a direct correlation to required mining acreage would give a 

p,osal acreage of about 18 acres per year. Again, leaching of chemi
s by surface waters could well cause water quality problems in the 

of the disposal area. 

The Healy Creek vicinity has a long history of mining and mineral 
oration which increases the probability that historic sites would be 

above average occurrence within the area of project ~ffects. The 
· te Division of Parks. considers the area to be extremely rich in 
chaeological potential. The Dry Creek area is being excavated while 
e area from Dry Creek to Savage River is being surveyed. Strip mining 
ld tend to have adverse eff~cts on preservation of historic sites ·· 

ile it could both encourage discovery and recovery of prehistoric 
ifacts and destroy sites for ·continued archaeological study. 
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This alternative would make no contribution to either flood ~bntrol 
or recreation in the Railbelt area. In fact, the desttuction of habitat 
and the widespread presence of human activities could be expected to 
reduce game animal and fish populations, both of which would reduce the 
present main recreational potential for hunting and fishing. 

Jt is 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 w·ould 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 attual powerplant operation and maintenance. 

Response to Study Objectives: The response of the coal alternative 
to thestudy 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 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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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, including 
$2,500,000 for operation, maintenance, and replacements. Average annual 
project benefits accrue as follows: 

Power 
Recreation 
Flood Contra 1 
Area Redevelopment 

Total 

$138,098,000 
300,000 
50,000 

9,373,000 
$147,821,000 

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 output of 6.91 
GJllion 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 through the latter part of August fluctuate in 
the range of 13,000 to 27,000·cubic feet per second (cfs). For November 
through April, the average daily flows range between 1,000 pnd 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 
sulinier flows would occur and substantial increases of the winter flows. 
The average regulated downstream flows for this plan computed on a 
rrtonthly 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. 

441 

69-736 0 BO - 31 



Regul~ted Unregulated 
Month cfs cfs 

January 9,896 1,354 
February 9 .. 424 1 '137 
March 9' 020 1 ,031 
April 8,261 1,254 
May 8,192 12,627 
June 8,324 26,763 
July 9.,618 . 23,047 
August 15,066 21 t 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 n0\11 carried by the 
river between Devil Canyon and the junction of the Chulitna and Ta 1 keetna 
Rivers with the Susitna River during high runoff periods would be 
substantially reduced, and a year-round, somewhat milky-textured 11 glacial 
flour" (suspended gl a cia 1 sediment) waul d be ·j ntroduced into the con
trolled water releases.below the dams. Preliminary studies indicate 
that the suspended materfals 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;Jill ing 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.ing 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 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 
:releases of water from Devil Canyon Dam would tend to b~ cooler in the 
1sunmer and warmer in the winter. Cooler surrrner water temperatures and 
warmer winter water temperatures could have both beneficial and adverse 
effects on migrating sallllQn, juvenile salmon, and resident fish popu.
lations, and will be investigated further i~ 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 theDevil Canyon Dam and within the reservoirs themselves. 
'This could have an adverse impact on the downstream fishery and to fish 
~ithin the reservoirs. 

The multilevel ·intake structures at both dams provide fop selective 
withdrawal of waters from varying depths within the reservoiy::s. This . 
feature allows for considerable control of both downstream water tempera
cture 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 alon·g 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 tpe river will channelize into a single deep watercourse 
~uring the winter months. However, because of the generally coarse 
nature ofthe 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 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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that enter the Susitna River in the 28-mile section above the proposed 
damsite. The reservoir would, however~ flood 9 of the 11 miles of the 
whi_tewater 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:-~not be attempted without risk 
of life to the most expert boatman. This very violence has, to d~te, 
limited recreational boating use of this section of the.river to only a 
few highly expert individuals and/or parties. No significant fut~re 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 Osh~tna 
Hiver. 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 
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 wildlife. · 

I 
I. 

In ·a 1974 study by the Alaska Department of Fish and Game on 
·surveys conducted to locate pote~tial 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 
nun1bers (6 to 7 average). In 4 other sloughs, large numbers were present 
( 350 average}. 

During December 1974 and January and Feb1·ua1~y 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 Gold O(eek, indicating 
that some coho salmon fry do overwinter in the main riv~r. 

It is reasonable t~.assume on the basis of existing data that there 
will be some changes in the relationship between th.e regulated river and 
access to existing salmon rearing and spawning sloughs an(j 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 waul~ be a project COt:JSideration. 

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 
Rfver 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-Proposed Moran Dam on the Fraser River, some of the beneficial 
downstream impacts of the dam could inc1uae the following: 

. The higher regulated winter flows might enhance the survival of 
~almon eggs in the river downstream from the dam. The increased flows 
could insure better cove~age 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 co~ld also lead to improved percolation through 
the gravel in the streambed and possibly improve survival of eggs. 

Reduced siltation during the surruner months could prove beneficial 
for both anadromous and resident fish species in the 50-mile section of 
the Sus i tna River between the propo: .. ed Devi 1 Canyon Dam and Ta 1 keetna. 
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 wideJ~ 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, esp~cially graying, utilize the 
-clearwater tributaries a·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 c·auld benefit 
resident fish populations. · 

Fish waul d experience extremely high marta 1 ity 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-loGked 
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 vary1ng 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 1 i e 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 coul~ 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 swirrmers. 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 

· 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 

th 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 
long a major flyway for waterfowl. Very few waterfowl appear to nest 
n the sections of the river that would be flooded by these reservoir 

proposals, but the reservoirs could provide suitable nesting areas not 
· available for waterfowl migrating through the basin.· 

The loss of habitat for bears, wolves, wolverines, Dall sheep, and 
ther animals appears to be minimal. Other birds, including raptors, 
ongbirds, 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 calli
sions with towers or lines, 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 anima1s 
such as the small mammals, 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'5,800-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 
an impact on a number 
both in the immediate 
dams .. 

of the proposed hydroelectric project would have 
of present and projected recreational aciivities 
dam and reservoir areas and downstream from the 
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At the present time, the ·Susi tnil Rivet· upc;tn'c'\111 from Portl'lgP. r.rPek 
to the Denali Highway bl'id~JI' is'' lt'l'l'-flPwltl!l t'ivl"l' I>Jtth f~w «lutt~< nf 
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 Ute. 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 a 11 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 nf 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 facil,ities. 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 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 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 t.he 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 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 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 345·.:kv lines to the Anchorage 

··area, is planned. All 1 ines 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 su.rrounding 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 ~ould 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. 

Resou_rce 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. 

DesigAJ 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 building of the dams and related facilities· the · ·. 
clearing of reservoir areas; the construction of road~. elect;ical 
distribution systems, and recreational facilities; and the building of 
facilities for workers. -~e 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 tonstruction 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. wildlife, 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 
~ould 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 waul d 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 
c·project area. Any dam construction on the upper Susitna would change a 
free-flowing river ·into a series of manmade 1 akes. Devi 1 Canyon reser
voir would fluctuate up to 5 feet, while Watana reservoir could fluctuate 

cup 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 
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 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. 

Socia 1: 

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; 
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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 developn1ent woLL1d have a minimal to moderate overall effect 
depending on various fact~rs 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 SO 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 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 sunvnarized 
as follows: 

Power: Provides 6.91 bill inn 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 
Railbelt area. 

Fish and Wildlife: Direct loss of 50,550 acres of land 
including 2,100.-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 atres 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 ll2.9 b·illion 
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 
earthfill 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 $ll5,566,000, including $2,600,000 for 
operation, maintenance, and replacements. Average annual project 
benefits accrue as follows: 

Power 
Recreation 
Flood Control 
Area Redevelopment 

. Total 

The B/C 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 ll,OOO 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 
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 id~ntical to the preceding plan. 
Adverse effects to resident fish in Watana reservoir could be increased 
marginally sine~ the fluctuation of that reservoir waul~ b~ increased 
from 95-120 feet annually to 110-140 feet, providing a less favorable 
environment. Stocking of Denali reservoir would probably be nonbene
ficial 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 aboat 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. · Establ ishme.nt of the reservoir, by removing much 
of the suitable habitat of the garrie 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 the reservoir in 
view of the unfavorab 1 e 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 noactive 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 about .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 a.ll 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 
~ctiv1t1es at Denali Dam. ·the effects of the three-dam system would be 
:;dentical to the two-dam system. 

Socia,l: The effects would be the same as for the two-dam system 
except that additional employment would be provided. The increased 
Area ~edevelopment benefits reflect the additional use of un- or under-
'employed 1 abor in the construction of the addition a 1 dam and facilities. 
~s •previously stated, the addition of the Denali Dam would result in an 
~ncrease of 4, from 45 to 49, in permanent jobs created in operation and 
'lna:intenance of the dam system. The construction of permanent 1 iving 
~uarters 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, earthslides 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 
Tn the overall cost of what would otherwise be a relatively small dam. 
~rosion of the thawed shoreline would not contribute significantly 
'to sedimentation of the reservoir. It is estimated that all of the 
1~0-mfle shoreline could be subject to severe erosion until,equilibrium 
'was restored and vegetation reestablished. · 

Response to Study Objectives:· The response of the Devi 1 Canyon-Watana
Denali hydropower alternative to the study objectives is summarized 
as follows: 

Power: Provides 6.91 billion kilowatt-hours average annual . 
energy. ~1eets 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 incredsed 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 
ha~~~~t, and 52,000 acres of important caribou habitat 

457 

69-736 0 - 80 - 32 



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 1 annually. 

Devil Canyon-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 earthfill 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 ' 
rep 1 a cements. Average annua 1 project benefits accrue as fo 11 ows: 

Power 
Recreation 
Flood Contra 1 

. Area Redevelopment 
Tota 1 

The B/C 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'l4,000 acres. Because the most favorable 
wildlife habitat is in the vicinity of the stream-river confluences, 
there would be essential]~ the same losses of critical winter moose 
habitat as with the highe~ d~m 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 tram 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 ion 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 al"lowing 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 waul d 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. Fluctuattons 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 marrmals 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 to go around thern, Vee reservoir 
would increase the detour. mileage from 25 to 45 miles from the Kosina 
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'{Qjr 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 
lJressures· would also be placed on responsible agencies to insure proper 
resource management. · 

Historic and Archaeological Sites: The area at and around the 
mouth-or-T-yone 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 reservoir studied. Representatives of the 
native people of the region have .indfcated 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 interesis of the 
native peoples and future possibl~ 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 Sys tern: An addi ti anal 40 miles of transmission 1 in~ 
to connect Vee Dam and powerhouse to the system downstream would be 
rec,uired. This would involve additional clear·ing 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 Devil Canyon and Watana Dams. Vee Dam would prolong the period of 
effects by about five more years. 
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W~rkers' Facilities: As wi~h the preceding systems, no existing 
un1t1es could absorb the proJect workforce. Commuting distance from 
nearest established camp facility, Watana Dam, '1/0uld be too great 

for economical use of these facilities. Thus, a temporary camp would be 
equired in the vicinity~-o-f the damsite~ The effects would be identical 
na additive to those previously described for the two-and three-dam 

.systems. 

Esthetics: . The previously discussed adverse visual impacts would 
be increased. The 11 bathtub ring11 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 areat 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, rais.ing the system total to 59. 

Other Effects: The effe<;;ts of the reservoir on underl~ing 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 w5th 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. · 

_Response 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 a~erage 
annual energy. Meets the projected demand until 
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 of cOal in 
Railbelt 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: 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 accomplisnes 
the objective of maximizing National Economic Development. The two-dam 
syst~n 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. 

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 formulation of the selected plan~ 
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TilE SElEClFD PI..NJ 

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 1l/) with a dependable 
capacity of 1,568,000 kilowatts. Table C-28 gives a summary of the 
~nergy 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 r~w 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 nat~rally 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 ~1W 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. 
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At-Site 
Selected Plan Power Capabilities 

Critical 
Period Average 

~1onth Enerij 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~,.~00 

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 .ooo 

Total 1 oo.o 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 

Devil Canxon Watana Total 

Installed Capacity (MW) ·n6 792 1,568 
Maximum Peaking Capacity (MW) 892 911 1,803 
Dependable Capacity (MW) 776 792 1,568 

Average Annual Energy, 106 kwh 3,410 3,480 6,890 
F1 rm Annua 1 Energy, ~o6 kwh 3,020 3,080 6,100 
Secondary Energy, 10 kwh 390 400 790 

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." 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 not on firm energy, but rather on average annual energy. 

1/ "HEC-4, Monthly Streamflow Simulation .. , Generalized Computer Program 
723-340, Hydrologic Engineering Center, U.S. Army Corps of Engineers, 
Davis, California, February 1971. 

2/ "Handbook of Applied Hydrology 11
, VenTe 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 Watana.is shown on Graph C-10. 
Coincidentally, the Watana critical head is the same as the February 
1970 head, and therefore, the Installed Capacity equals dependable 
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 co~sequently, in
stalled nameplate capacity equals dependable capacity. 

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 openi~g at critical 
head. The units waul d a 1 so be. capab 1 e 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-11. 

·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: 

At Market Power Capability 

Market 

Dependable Capacity (MW) 
Maximum Peaking Capacity (MW) 

Average Annual Energy,
6

1o6 kwh 
Firm Annual Energy, ~0 kwh 
Secondary Energy, 10 kwh 

SEASONAL RESERVOIR OPERATION 

At-Site 

1,568 
1,802 

6,890 
6,100 

790 

Losses At-

50 1 ,518 
58 1,744 

48 6,842 
43 6,057 
5 785 

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 
u.nder which Devil Canyon storage 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 streamflows 
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 flo~ .. .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 max.imum 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 volumes in excess of the combined capacity of Watana reservoir 
storage and turbine hydraulic capacity, and hence spills occurred. The 
magnitude of the spi 11 s was such that the outlet works could accommodate 
all flow without the use of the spillway. Plate C-11 illustrates the 
seasonal regulation of Devil Canyon and \·Jatana through the 25-,Y'ear 
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 of Watana during the Devil Canyon construc
tion. Plate c;..lo 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 typ~s of generating 
plants in the Railbelt system and the prevailing.fuel costs for fossil 
fuel-fired plants. It will also dep~nd 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 baseloaded, with the result that discharge 
fluctuations will be minimal. I-n other situations, Devil Canyon and 
Watana may be relied on for 11 peaking, 11 thus following the daily fluc
tuations in system load. If operated in the peaking mode, fluctuations 
in discharge will occur. 
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- Most of the time it can be exp~ct~g that the Devi 1 Canyon-Watana 
system will be required to generate a combination of baseload and 
peaki:ng~'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-disch~rge relationship for the Gold Creek gage 15 miles downstream 
from Devil Canyon. Although the river width is different for the Devi 1 
Canyon and Gold Creek stations, the steep channel slope at Devil Canyon 
should compensate for the Gold Creek width which wouJd in turn make the 
Gold Creek stage fluctuation representative of· Devil Canyon. 

However, during peri ads of high. power demand or when forced therma 1 
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, high peaking demands could be 
placed on both Devil Canyon and Watana at other times of the year. 

Graphs C-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 of the four 
Devil Canyon units would be used. The minimum generator load was assumed 
to be 40 percent of nameplate capacity. . Under these extreme conditions, 
the daily fluctuation at Gold Creek would approach three feet. If the 
full peaking capability at Devil Canyon were required, the fluctuations 
could approach four feet. However, most of the time the daily fluc
tuations would not exceed two feet. 

During the 1 atter part of su11111er when both Devil Canyon and 
Watana reservoirs are filled, both of the reservoirs wo~ld 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 prov1s1ons 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 inclusionduring 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 
wa·tana peaking operations. 

However, if additional units are installed at Devil Canyon a 
reregulating dam 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 generationof 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 

The detailed construction costs for the two projects and connecting 
tr'ansmission 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 antici
pated that construction would begin in 1980, Watana would be completed 
in 1986, and Devil Canyon would b1:3 finished by 1990. The total estimated 
fl'rst cost of the Devil Canyon and Watana projects and. transmission system 
is $1,520,0009000 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 Were present-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. 7he 
1pc, investment and annua1 intereS!t and ·amortization cost computations 
are summarized on Table G-31. 
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SELECTED PLAN WATANA PHASE 

Annual · AccUilallulated 
Construction Cons.truction 

~ Coat Cost 

($1,000) ($1,000) 

1977 5,659 
1978 6,200 5,659 
1979 17,919 11,859 
1980 17,919 29,778 
1981 46,453 47,697 
1982 92,852 94,150 
1983 202,090 187,002 
1984 347,421 389,092 
1985 219,893 736,513 
1986 120,890 956,406 
1987 19,498 1,077,296 
1988 1,096,794 1,096,794 
1989 
1990 
1991 
1992 

Construction Cost {PW) 2 

INTEREST DURING CONSTRUCTION AND AVERAGE ANNUAL CONSTRUCTION COSTS 
FOR PROJECT AND SYSTEM DEVELOPMENT 

lntereat 
During 
Construction 

{$1,000) 

173 
537 

1,275 
2,373 
4,344 
8,611 

17,643 
34,472 
51,845 
62,282 

. - 1,125 
182,430 

1986 Present Worth 

$1,096,794,000 

SELECTED PlAN DEVIl CANYON PHASE 

Annual 
Construed~ 

Cost 

{$1,000) 

5,390 
5,390 
9,840 

15,170 
16,186 

101,596 
148,784 
90,359 
35,531 
~ 
435,006 

(304,501) 

Accummulated 
Construction 
Cost 

($1,000) 

5,390 
10,780 
20,620 
35,790 
51,976. 

153,572 '; 
302,356; 
392,715' 
428,246 
435,006 

Interest 
During 
Construc.tion 

($1,000) 

165 
495 
961 

1,728 
2;688 
6.295 

13,963 
21,286 
25,142 
26,437 
99,160 

(69,411) 

$1,401,295,000 
Interest During Const,(PW) 182,430.000 

Construction Cost· (PW) 
Interest During Const. 
Investment Cost 

(PW) 251,841,000 
Investment Cost $1,279,224,000 $1,653,136,000 

Average Annual Cost. $ 78,544,000 Average Annual Cost $ 101,520,000 

1. The 1987 expenditure. is disCOinlted one year to the POL date. 
2. "PW" in this and later tables indicates that figure bas peen discounted to the October 1986 power-on-line date. 

Percent 
of Construct ic 
Costa 

('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 
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Annua 1 Operations, ~1ai ntenance, 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 thesectionon System Development 
Evaluation under 11Credit for Energy and Capacity ... 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 the scoping 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) ($10001 ($1ooo) 

Watana 1/ 78,544 1 ,300 79,844 
Devil 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 
seeping analysis were refined to more accurately reflect the actual 
useability of the project power during early years 1 before the system is 
ab 1 e 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 the railbelt 
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 se 1 ected p 1 an is ·as fo 11 ows: 

Capacity Benefit ($1 ,000) . 

Firm Energy Beriefit ($1,000) 

Secondary Energy Benefit ($1,000) 
·Total Power Benefits ($1 ,000) 

Watana 

$58,659 

17 '911 

2,220 
$78,790 

Watana Plus 
Devil 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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lii'I:IIGU.TED .RAlLBELT lTIIL1TY ~E·UP WITH 
SUSITMA HYDRO ELECTRIC 

!!!!! .!lli!.! .!ill .ill1. .ill! l2ll' .!22.Q. .!22.! .!lli !2.2l ll2! illi .!22! .!221. 

1. Eat, Capact..i:y Requirement (Utility) Al'A MW 1120 1210 1300 lJBO 1480 1570 1670 1770 1880 2000 .2110 2220 
2. Incremental Hydro Load ~!arkec FPC 117 21J J28, 449 575 765 9J2 1110 1280 1450 1640 17JO 
J. Vatana Dependable Capacity COE .. 264 528' 767 767 767 767 767 . 767 767 t67 767 767 
4. Uaeable Watana Dependable Capacity ~col 2 .. 117 21J J28 449 575 - 765 767 767 767 767 767 767 
5. .Devil Canyon Dependable Capacity COE .. J88 582 751 751 751 751 751 751 
6. Uaeable Devil Canyon Dependable Capacity 4+5; 2 165 J43 51J 68J 751 751 
7. Hydro System Dependable Capacity 3+5 " 264 528 . 767 767 961 1155 1J49 1518. 1518 1518 1518 1518 
8. Useable Hydro System Dependable Capacity 4+6 II 117 21J 328 449 575 765 9J2. 1110 1280 1450 1518 1518 

.j:l. 9. Market Area Capacity Deficit 2;.8 .. 0 0 0 0 0 0 0 0 0 0 122 212 
_CD 10. Eat. Energy lequirement (Utility) Al'A ,10\vh 4910 5280 5650 6050 6480' 6900 7JOO .7750 8200 S700 92SO 9600 CD 11. Maxtl!lum Useable Hydro Energy APA II 3450 3690 J95S 4235. 4540 4S60 SlSO S470 5SOO 6150 6510 7000 

12. Edsting ptermal 10-21 II 290S 1825 ' 2195 2S95 1940 2040 2ISO 2280 2400 2550 2740 2758 
1J. Vatana Prime Enerl?iy COE " 200S JOSS 3QSS JOSS J058 J05S J05S J058 J058 J058 J058 J05S 
14. Vatana Secondary Energy COE " 397 397 J97 397 J97 '397 J97 J97 J~7 397 
u. Devil Canyon Prime Energy COE " 2999 2999 2999 2999 299.9 2999 2999 2999 
16. Devil Canyon Secondary Energy COE " 386 J86 366 J86 J86 J86 J86 
17. Hydro System Prime Energy 13+15 .. ·. 200S J05S J058 J058 6057 60S7 60S7 - 60S7 6057 6057 6t'57 6057 
18. Hydro System Secondary Energy 14+16 II J97 J97 J_97 78S 785 785 78S 785 78S . 785 
19. Useable Hydro System Prime Energy 17J:.ll .. 2005 J058 3058 JOSS 4540 4860 5lSO S470 5800 6057 6057 6057 
20. Useable Hydro System Secondary Energy 18 5.11•17 II 397 397 J97 9J 45J 78S 
21. Total Useable. Hydro 19+20 .. 2005 3455 J455 3455 4S40 4860 Sl50 S470 5800 '6150 6Sl0 6842 
22. Market Firm Energy Deficit 10-12-21 .. 0 o· 0 0 0 0 0 0 0 0 0 0 

cOE - Corps of Engineers 
APA - Alaska Power Administration 
FPC - Federal Power Commission 



"' "' I .... 
"' "' 
0 

"' 0 

.. co 

..0 

PQ.J;SF.IIIT 
WOQ.TH MAII.I(FTAII.I;F 

YF.A'I ;:AI: filii. CAPIII:ITY -------- -------- --------
{MW) 

l """' 
"·Q'•'?l 117,1\ 

l, 'lR7 /'l,HA79 7[3,0 
I, 'IRA n,A3n7 37R,!l 
l 'lR9 0,.7 RR4 449,0 
l 'l'lO n,747'1 ~7o;,o 

'·'I'll '1.701)0 71\'i,o 
'· qq?, 'l,l,5'llo "137•1'1 
'.'l93 0,1.71'> 1110,0 
!, 9'l4 o,5A57 1 2 AO, 0 
'· qq~ 0,551'1 t45o.o 
( 99~ n.5?,oo 151A,o 

I, 'l'l7 
'.'IAh '1,4472 1S1R, 

P~F.SFIIIT, wn~T~ 8ENF.FIT5 

C,P,CITV VA~UE ~ 
l!lfelltt;V VA'.IIE 
!il!!COI'olllUY VAI,UE"' 
INTE~E!iT lUTE 

A'l,'12999 
5?.37999 
57.oH999 
llo'l6125 

Selected Plan Power Benefit Calculations 

•UTAIIA-7'.00 All•l O~VII. C:AHYO~ 

P~~'SJ;NT MA~I(F.f ~RI.~ PQ.F.SF.NT 
WfiiHH Ill' CAP~(;[ TV 0:(>("1 wn~r"' "'~"' 
r;l\~>llr; 1 TY 1'\I'IIIFFITS t;NFQ,r,y F.IIIF.WW -------- -------- -------- --------

("'W) { '10001 (MWn) (Mio/H) 
llO,?, 'l'll4.~ ?:o!'l,O 2\';,A 
1A9,[ 17'107.~ ~4'1,0 3fl'l,'l 
?.74.4 ?4n7A,<~ 34'1,0 2'l2o0 
3o;4·,n 31A33o3 ~4'1,1) n.;,t 
4n.:> 3~''•13on >;pi, 0 3H4,1\ 
53~.i 4Al'H,? i ";;'i,l) 311l\,i 
1,[4,7 5'>7A3,'l ill~ ,I) ~R7,H 

.. ~9.9 1,704?.3 6'.4.0 iiA7,~ 

749 ... . '>741~.1 6 .. ~ .• '1 3117.7 
ROO,;> 71'lhlol l>'l 1,0 3'1[,3 
789,4 70QII7,'l 6'll,ll 359,3 

4971>9ho 

12823. ll~~l'>'>. ~91, '>837, 
l~';I'IA51'1. 

1013RO, 

AVF,~Ar.F. AN~JAI. t:APAC I TV 

FIR"' 
F.l\l~'{r;Y 

1\FIIIt:FITS --------
I .ttooo I 

11307.7 
1'>231.4 
1~?.'14.~ 

l44l[,'l' 
?,Ol~lo,'. 

71')34'l,5 
?.·131i.2 
'.0314.7 
?.no~.o. 

19974.?, 
1AIP[,4 
197480, 

305142. 
503221. 

30903, 

MA.{I(F.TAfll.l' 
S F.•:fllll OA>I Y 

F.IIIF.N.r.v --------
(Mio/N) 

o,o 
4';.0 
45,0' 
45,0 

1),0 
'l,O 
o.o 
(l,O 
0,() 

11,0 
S2.o 

P'l~S;:NT S~COIIIOtl.o(Y 

WMT"f SF I';· I;N~N.r;Y 

F.I\IJ;Il.•:.v RFNF.FTT<; --------
I"'WNl 

0,0 
40,0 
'Hoi\ 
3'i.'> 
o,o 
o,o 
o.o 
f),O 
1},0 
1>,1 

27.0 

760, 

--------
(!11)001 

o.o 
2·)92. ':/ 
1 'l72 .·l 
1'1~11.3 

o.o 
o.o 
o.o 
o.o 
0,0 

'Hii,'O 
1416.4 
76~8. 

:!\9~22. 

47479, 

291'.>. 

1111"11' 
':J\PACITY rnu•. 

RENFF ITS k~111e.: r rs -------- ------... -
IHD00) I,, lOOlll 

o.o 2l2ll.~ 

o.n ~'5~32.1 

o.o 4\':14~ .... 
o.~'l 4>1l03,4 
0,0 '>H~'>9,A 

o.o '>11'>01> •. 7 
0,1 7'i~'l9,t 

0,0 ~2'1~7.0 

0,0 i1172l.l 
o.o 922~3.2 

o.o 9122~.6 

o. 702833. 

0. 14987 L 7, 
o. 2201549, 

o. 135198. 



r 

Total Average Annual Benefits 

Power 
Flood Contra 1 
Recreation 

· Area Redevelopment 
Transmission Intertie 
TOTAL 

Watana 
($1000) 

$78,790 
50 

100 
6,709 

$85,649 

Watana plus 
Devil Canyon 

($1000) 

$135,198 
50 

300 
9,373 
2,900 

$147,821 

System Justification: The benefits-to-cost ratio, net benefits, and 
incremental increase in net benefits from the last project are as follows: 

System Justification 

Annual Cost ($1000) 
Annual Benefits ($1000) 
Net Benefits ($1000) 
B/C Ratio 

Watana 

$79,844 
85,649 

5,805 
1.1 

The above analysis shows the following: 

Watana plus 
Devil Canyon 

$104,020 
147 ,821 
43,801 

1.4 

Devil Canyon 
Last Added 

$24,176 
62' 172 
37,996 

2.5 

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. 

Comparability Test: Principles and Standards require that a proposed 
project al~o be justifiable when benefits and costs are computed on a 
fully compprable basis in terms of financing, taxes, etc. Power benefits 
were recomputed for the selected p~an 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 
Alternative Costs". Using the alternative-costs, the average annual 
p()wer benefits for the selecte9 plan are $124,331,000, · The costs and 
non-power benefits, w~ich are qlready qaseq on financing comparable to 
costs, rem~in unchanged. The total benefits, costs, and justification 
ratio for the selected plan are as follgws: 

Average Annual Benefits ($1000) 

Average Annual Costs ($1000) 

Justification Ratio 
490 

$136,954 

104,020 

1.3 
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~; sensitivity Tests: The following sensitivity tests are included to 
~,demonstrate the relative effect that different assumptions could have on 
f the final economic outcome of the Selected Plan. Each of the tests was 
v cionducted under the same criteria outlined earlier in this subsection, 
i;·· bu·t with the specific changes cited below. ·None o.f the tests were com

bined. 

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 
~· sets of values with the Fairbanks coal power value, the resulting non-

~ederal power values are as presented .under the System Development 
( Evaluation Subsection. It has been demonstrated earlier that the coal-
~. fired•power values are most representative of the future alternative 

power source in the absence of hydro development. For the sake of 
comparison, however, the selected plan was reanalyzed using the gas 
):!Ower values for the Anchorage area. The average annual power benefit· 
was estimated to be $106,231,000. By combining this benefit with those· 
of flood control, area redevelopment, intertie and recreation, the total 
Project Benefits amount to $118,854,000. When compared to the $104,020,000 
Average Annual Project costs, the benefits-to-cost ratio becomes 1.13. 

. Low-load Growth Assumption: The selected plan economic analysis· 
was.'based on Alaska Power Administration • s 11mid-range 11 estimate of load 

'" growth for the railbelt area. This is considered to be a reasonable 
.. estimate of what might occur, based on present knowledge. However, in 
·.· r,: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. 

. , 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 

tlined earlier, but using revised costs based on delay of Devil Canyon 
revised benefits based on the longer period required for the system 

to fully absorb the power from the projects, the total annual benefits 
to $134,283,000, and the average annual costs change to $100,595,000 

n~ra benefit-to-cost ratio of 1.30. An even lower load growth rate 
d further reduce the net benefits, but the project would remain 
ible. 

APA Capacity Assumptions: Alaska Power Adm1nistration in their 
rketability analysis determined that a much greater share of the 
ected Plan capacity could be absorbed during the early years of . 

peration. After reviewing existing and projected railbelt capacity, it 
determined that by 1985 some of the older steam-fired plants would 

at or near the end of their useful life and would therefore, be 
laced by Susitna hydro. Furthermore, it was assumed that because 

uel 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 Railbelt 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 what qu.antity of 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 ~arly years. 

Various Interest Rates: Interest rates for Civil Works Projects 
are established by Congress annually. 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, that post,..authorization 
economic analysis will be conducted using a different interest rate than 
the 6-l/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 using 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 pertent 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·favorable. 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 
1,520,000,000, which includes $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 multilevel 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. 

Specific power features 
Specific recreational features 
Specific flood control features 
Joint features 

Project Cost 

$ 674,189,000 
1 ,051 ,000 

0 
856,560,000 

$l,53l,800,000 

Interest during construction is computed as simple interest on 
project costs from the estimated date of expenditure to the appropriate 
power-on-line date. Interest during construction is estimated separately 
for specific feature costs. The construction costs and interest 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. 

The investment cost to be allocated is the construction cost 
plus·interest during construction, both discounted to the 1986 power
on-line date~ 

Construction cost (Present Worth) 
Interest during construction (PW) 

Investment cost 
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'$1,401,295,000 
251,841,000 

. $1,653,136,000 



SUMMARY OF CONSTRUCTION COSTS--WATANA ($1,000) 

· Specific Specific Specific 
Feature Power Recreation Flood Control Joint Use Tota 1 

Federal Costs 

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 

A Dam 296,381 296,381 
>0 Power Intake y 61,649 61,649 123,298 A. 

07 POWERPLANT 411 ,603 . 411 ,603 
08 ROADS AND BRIDGES 48,875. 48,875 
14 RECREATION FACILITIES 39 39 
19 BUILDING_S, 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 59l,564 1,096,794 

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. 

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) 

Feature 

Federal Costs 

01 LANDS AND DAMAGES lJ 
Reservoir, Site 
Recreation 

03 RESERVOIR 
04 DAM 

Dam 
Power Intake 2/ 

07 POWERPLANT -
08 ROADS AND BRIDGES 
14 RECREATION FACILITIES 
19 · BUILDINGS, GROUNDS, AND UTILITIES 
20 PERMANENT OPERATING EQUIPMENT 
30 ENGINEERING AND DESIGN 
31 SUPERVISION AND ADMINISTRATION 
50 CONSTRUCTION FACILITIES 

CONSTRUCTION COST 

{PRESENT WORTH) 

Specific Specific Specific 
Power Recreation Flood Control Joint Use Total 

21 ,068 
144,424 

3, 553 
T69,o4s' 

(118,330) 

453 

512 

96'S 

(761) 

0 

(0) 

3,993 

3,456 

164,660 
21,068 

8,528 

2,519 
1,800 

26,962 
19,259 
12,747 

264,996 

3,993 
453 

3,456 . 

164,660 
42,136 

144,424 
8,528 

512 
2,519 
1,800 

26,962 
19,259 
16,300 

435,006 

(185,410) (304,501) 

J] 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 

Power J$1 , 000) Recreation ($1,000) SuiM!ary ($1,000) 
Accumulated Accumulated const(u~r1on Interest Year Expenditure Expenditure IDC Expenditure Expenditure IDC Cost PW Cost (PWJ 

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 lj 

505,144 64,467 - "S6 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' 101177 

169,045 34.898 %! 110 
(PW) (118,330) 24,428) (761) (134) 

CONSTRUCTION COST (PW) $623,474 ~ONSTRUCTION COST (PW) ~847 
INTEREST COST (PW) 88,895 ~NTEREST COST (PW} 151 
INVESTMENT COST $7i2,369 NVESTr.1ENT COST ~ 

1 The 1987 ex enditure is discounted one p y ear to the p ower-on-line date. 



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 1000 
45,000 

0 
766,QOO 

$1,928,000 

Annual costs for replacement of mechanical equipment and other 
items which normally have a useful 1 ife 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 

0 
0 

$S72.ooo 

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 costsJ and interest and amortization on the project invest
ment, computed at an interest rate of 6-l/8 percent over a 100-year 
project 1 ife. 

Project Benefits: Project benefits have been discussed earlier in 
Section C and are summarized as follows: 

Average Annual Benefits 

Power 
Recreation 
Flood control 
Area redevelopment lJ 
I nterti e 2/ 

Total 

1/ Not included in cost allocation. 

$135,198,000 
292,000 3/ 
50,000 

9,373,000 
2,900,000 

$141.813.ooa 

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 1/ 

Specific Power 
(Powerplant, Transmission 
Line, Switchyards, Marketing) 

Specific Recreation 

Specific Flood Control 

Joint Use 

Operation and Maintenance 

$1,117,000. 

45,000 

0 

766,000 
(Overall Project Supervision, 
Administration and Maintenance) 

Total $1,928,000 

Replacement 

$517,000 

55,000 

0 

0 

$572,000 

1/ 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 Spedfic Specific 
·Cost Ca tegor_l Power Recreation Flood Control Joint Use Total Cost 

Project Cost (Present Worth - 1986) $ 847 0 
Watana (86) 
Devil Canyon (761) 

Interest During Construction (PW) $ 151 0 
Watana 

~ Devil Canyon 
Total Investment Cost 

4 
0 

• Project First Cost $674,189 $1 ~051 0 $ 856,560 $ 1,531,800 
-o Watana ~505,144) . (86) (591,564) (1,096,794) 
-o Devil Canyon 169,045) . ( 965) (264,996) ( 435,006) 

Interest During Construction $ 99,365 $ 187 0 $ 182,038 $ 281,590 
Watana ~ 64,467~ ( 17 J p17,946) ~ 

182,430~ 
Devil Canypn 34 .. 898 (170 64,092) 99,160 

Annual Charges 
Interest and Amortization Jj $ 43,747 $ 61 0 $ 57,712 $ 101,520 
Operation and Maintenance 1,117 45 0 766 1,928 
Replacement 517 55 0 0 572 

Total Annual Cost $•45.3"81 rm 0 $ 58,478 $ 104,020 

I1 Bised on tota 1 investment cost. 



Alternative Pro ects: The least-cost single-purpose alternative power 
proJect wou e t e recommended 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 equiva 1 ent 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 
alternative cost of $4,750,000, or $292,000 annually. . 

Allocation of Costs: 

Allocation Method: The Alternative Justifiable Expenditure (AJE) 
method has ·been usea 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-sjte 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: 

(1) Costs allocated to any purpose should not exceed the corres
ponding benefit or l~ast 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 su11111arized below: 

Purpose 

Power 
Recreation 
F1 ood contra 1 

Percent of Joint-Use Costs 
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99.69 
0.22 
0.09 



. ALLOCATION OF ANNUAL COSTS ($1 ,000) 
(ALTERNATIVE JUSTIFIABLE EXPENDITURE METHOD) 

Item Power Recreation Flood Control Total 

1 . ALLOCATION OF ANNUAL COSTS: 
a. Benefits 138,098 11 292 50 138,440 y 
b. Least Cost Single Purpose Alternative 103,859 11 292 

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 so 58,659 
f. Percent Remaining Benefits (99.692%) o. 223%) . (0.085%) 
g. Allocated Joint Costs 58,298 130 so 58,478 

\II h. Total Allocation 103,679 291 50 104,020 
0 
)o.) 

2. ALLOCATION OF ANNUAL OPERATION AND MAINTENANCE: 
a. Specific Costs L 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 



. ! 
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ALLOCATION OF ANNUAL COSTS ($1,000} (Continued) 

Item Power Recreation Flood Control Total 

5. ALLOCATION OF PROJECT COSTS: 
a. Specific Investment 712,369 998 0 713,367 
b. Investment, Joint Use 936,890 2,081 798 939,769 
c. Interest during Construction, 162,294 363 138 162,795 4/ 

Joint Use 
. d. Project Cost, Joint Use (PW) 774,596 1 1718 660 776,974 
e. Percent Project Cost, Joint,Use (99.69%) (0.22%} (0.09%) 
f. Project Cost, Specific Facilities (PW) 623,474 847 0 754,826 

. g. Total Project Cost (PW) 1,398,070 2,565 660 1,401,295 

6. ALLOCATION OF CONSTRUCTION FIRST COSTS (w/o Public Domain Value): 
a. Specific Construction Costs 672,869 1 ,051 0 673,920 

(w/o Public Domain Value) 
b. Allocated Joint-Use Costs 5/ 843,457 1 ,861 762 846,080 
c. Total Allocation ·of Construction 1,516,326 2,912 762 1 ,520,000 

First Costs 

7. ALLOCATION OF PUBLIC DOMAIN VALUE 
a. Specific Public Domain Costs 1,320 0 0 1 ,320 
b. Allocated Joint-Use Public Domain 10,448 23 9 10,480 

Costs 5/ 
c. Total AlTocation of Public Domain Value 11 '768 23 9 11,800 

8. ALLOCATION OF INTEREST DURING CONSTRUCTION: 
a. Specific Interest during Construction 99,365 187 0 99,552 
b. Allocated IDC, Joint Use 5/ .181,474 400 164 182,038 
c. Total Allocation of IDC 280,839 587 164 281,590 

1/ Includes $2,900,000 intertie benefit. 
2/ Does not include $9,373,000 Area Redevelopment benefit. 
3! No cost estimate available, but annual cost known to exceed the annual recreational benefit. 
4/ IDC allocated on basis of percent remaining benefits, 
~ Alloq;ted on basis of percent project cost, joint use (5e) .. 
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FOUNDATIONS AND MATERIALS 
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 area are Pennsylvanian and Permian volcanics and volcaniclastics. 
These are the basement terrane or strata upon which the regional sequences 
have b'een 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 subareal 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. 1hese 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). ~mny of the faults in the upper Susitna region 
are probably related to the post-Pliocene orogeny, though a positive 
dateis unknown. 
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During the Caribou Hills/Mt. Susitna and Eklutna glaciations of the 
Pleistocene ~poch, the entire area was covered with ice. Subsequent 
glaciations (Knik and Naptowne) were nOt as extensive as the earlier 
ones 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 progl aci al 1 ake--a 1 ake formed at the 
,·boundary of a glacier--(Alaska Glacial Map Committee, 1965). Preglacial 

lake deposits cover a large portion of the area today. 

PHYSIOGRAPHY 

The area of study is located within the Coastal Trough Province of 
southcentral 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 preglacial 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 
along the northern edge of the Copper River lowlands, the Su~itna enters 
a deep V-shaped valleyand picks its way through the Talkeetna Mountairrs, 
emerging once more into a conventional channel and broad valley which it 
follows to the sea. 

GEOLOGY 

The geology of the upper Susitna River region reflects the complex 
processes which make up its geologic history. It has undergone subsidence, 
marine deposition~ volcanic intrusion, mountain building, glacial planing, 
and erosion. In the upper reaches of the river, the valley floor is 
com~osed of reworked glacial mor~ine and lakeb~d deposits, which are 
thought to be approximately 200 feet thick. Materials range in·size 
from silt to boulders. Adjacent mountains are composed of metavolcanics 
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 intru~ions of granitic rock have warped and 
uplifted the region. Subseq~ent vigorous tectonic movement resulted in 
the building of the Talkeetna Mountains. Throughout this area the 

· metavol cani cs and "metasediments are warped and twisted, and medium
grained granite intrusiv~s are exposed intermittently along the valley 
walls. At the lower end of the drainage, ~lacial ~ction is evidenced-in 
~h~ ab~en~e of overburden materials at higher elevations a~d th~·scouring 
~nd plariing of the underlying bedrock. · · 

R~GIONAL TECTONICS 

Two major earth tectonic features bracket the u!Jper Susitna ·region. 
The Denali Fault, active during Holocene (Recent) time, is one of the 
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,earth•s m~jor fractures. It lies approximately 43 miles north of the 
proposed Devfl. Canyon da.msite. A second arcuate fracture, the Castle . 
Mountain Fault, lies some 7.5.miles ·to the south of the river.bas.in~ .· ·.' 
Bisecting the region in· ~: north.:.east, 'south-west direction .an'd :·-truncated 
by the De.nal:f Fault, liestbe Susitna Fault, approximately 2.5.JT1:il.es ·•· 
west of the proposed Wataria Dam. l.arge prominent lineaments pas~ ..... , 
through the region trending north-east, south-west, and the river·vaney 
is controlled 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 
Maximum Credible Earthquake (MCE) .of 8. 5 r~agnitude for both Devil Canyon 
and Denali sites. It is 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
struction to 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 Engineeri~ 
Geology ~e~ort-FeasibilitY Stage, Devil. Canyon Dam was presented in 
1960. L1m1ted explorat1ons were also conducted at the Denali site in 
1958-1959, and detailed studies of th~ Vee site were made in 1960-1.962. 
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date, on-site investigation by the Corps of Engineers has been limited 
a reconnaissance of the four-dam area with particular emphasis on 

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 D-1 and logs of 
explorations are shown on Plates D-7 through D-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 N25°W and a dip varying from vertical to 80°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 

r·1a in Dam: The rock competency at Dev i 1 Canyon dams ite 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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an underground structure include the restricted topography, the need for 
· tensive scaling, and protection from future rockfalls if an external 
Rowerhouse were constructed, and the unusual competency of the rock. 
This high quality of the abutment rock will greatly reduce the amount of 
roof and wall support required; however, certain faults and fractures 
w111 require remedial treatment, such as rock bolts and mine ties. 
Explorations for the underground workings will require deep drilling 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 faulting 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. lt is estimated that between 35 and 50 feet of loose and 
weathered rock will have to be removed before firm rock is reached. It 
will not be possible to obtain a smooth excavation surface because of 
the blocky and overhanging nature of the formation; therefore, extensive 
dental work may be required. Tendons may also be required to anchor the 

· thrust block to the foundation rock. . . 

Left Abutment Saddle Dam: Drill holes in the area of the earth and 
r;>ockfill saddle dam at the left abutment have disclosed a deep buried 
~hannel striking east and west. The maidmumdepth of the valley fill in 
~his 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 
ynder 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 
right abutment is approximately N70°E in strike and 60 E 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 
planes corresponding rather closely to the theoretical shearing plane 
formed by the arch thrust at the abutment. To compensate for this 
condition, 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 
:gouge are evident, and the joints on this side of the canyon appear well 
,healed. Considerable scaling may be required to protect the excavation 
:from rockfalls. 
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Penstock, Tailrace, and Diversion Tunnels: As presently planned, the 
underground powerhouse, pens tacks, and tail race tunne 1 s wi 11 be 1 oca ted 
in the right abu:tment. Drilling done in this area indicates that the 
rock tightenswith depth and that fracturing decreases •. Prior to final 
design, extensive drilling will be required to determine extent of 
jointing and fractu~ing, and areas requiring steel supports or rock' 
bolting. The-diversion tunnel will be located in. the left abutment. 
Becauseof·the·several well-developed shears on this side of the river, 
the tunnel will b~ concrete lined. · 

SEISMOLOGY . 

As ~reviousl~ noted, 262 earthquakes have be~n 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 damsite~. Of these, nine had magnitudes less than 5.3; one was 
between 5~3 and 5.9, and on 3 July 1929, oneoccurred on the Talkeetna 
River, 25 miles from the damsite, with a magnitude of 6.25. Hypothetical 
earthquakes considered for Devil .Canyon by the Bureau of Reclamation in 
selecting a Maximum Probable Earthquake were a magnitude 8.5 earthqu_ake 
at 40 miles, and a'magniiude 7.0 earthqUake at 10 miles. The 8.5 M. at 
40 miles was determined to be the M~E (Maximum Credible Earthquake). 

CONSTRUCTION MATERIALS 

Materi~l Reguirements: Concrete: 
. < -

· Aggre~ate Sources: Material requirements for Devi 1 Canyon Dam are 
based on t e Bureau of Reclamation•s proposed 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 cbncrete in the appurtenant structures, including the 
powerplant. With some allowances for stockpile loss, this amount of 
concrete will require approximately 1.25·mfllion 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 Cheecha'ko 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 
ged and 4 were sampled. A total of 1,262 pounds of minus-3-inch 

al was shipped to the Bureau of Reclamation, Division of Engi
ing La·boratories, Concrete Laboratory .Branch (since changed to 

ision of General Research, Concrete and Structural Branch), for 
ic aggregate suitabi 1 ity studies. An additional 200 pounds of 

terial has since been obtained by Corps of Engineers personnel for -
itional testing to confirm suitability. 

- Additionai granular materials can be obtained in the Cheechako 
~--~~~ terraces. The Cheechako Creek fan and adjacent terraces should 

eld an ample quantity of aggregate for a thin-arch dam, underground 
"nwarnlant, and appurtenant structures. 

Results of Investigations: The area sampled by the test pits is 
timated to contain approximately -6 mill ion cubic yards of materia 1 of 
ch approximately 50 percent is smaller tha:n 6 inches. This quantity 

·based on excavation of material to the present river level; there
, placement of the coffer dam and the capacity of the diversion 
1 will ultimately affect the exploitation of the fan area as an 

... ,"""<>'"'"'te source. The locations of test pits are shown on Plate D-1, 
detailed logs of test pits K-6, K-19, K-21, K-93, and K-94 can 

found in the U. S. Bureau of Reclamation's Alaska Geologic Report 
1 dated March 1960. The results of labora-

nves ga ons e aggregate samples were reported in Report 
. C-932 by the Concrete Laboratory Branch (now the Concrete and 

ctural Branch), dated 31 December 1959. 

Tests were run on a composite sample from trench K-6 and K-19, and 
second composite sample from trench K-21 and K-93. Depths of overburden 
·these trench locations ranged up to 2-l/2 feet. The ground surface 

n 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

primarily of the same rock types present in the gravel. The 
vel particles are stream worn and generally rounded in shape. The 

and grains vary from nearly rounded to sharply angular in shape, 
eraging subangular. 

These aggregates meet usual specifications requirements for physical 
nrnln<>>·Ti es and soundness 0 However t the freeze-thaw resistance of con-
. . containing this aggregate was considered marginal by Bureau of 

tRecl ama.tion criteria for use in severe climates. 

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 alorig the river's edge. Consider
able boulder-size material is also to be found in the outwash deposits. 
T~e 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 investigatiort of the Susitna River and the formulation of an 
ultimate development plan as 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 aamcenterline, 
as proposed, was made by transit-stadia methods, and an estimated 
geologic section was drawn to indicate probable excavation requirements. 
The Bureau•s report was favorable and indieated that no adverse conditions 
were observed. Studies of recent aerial photographs and .field recon
naissance 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 l/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-1 of this section. 

SITE 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 N30°W. 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 fau 1 t breccia or gouge have been observed; 
however, topographic expression ~ndicates 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 featur~ at the site is the fracture pattern which 
trends N3oow. Insofar as it is 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 fr~cture zones 
having a substantial width of crushed rock. Minor fracturing wjll 
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 
the estimates 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 
bedrockor 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. 
Th'is 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.slump'ing of-natu·ral slopes 
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 d~posits where stable slopes generally exist. 

SEISMOLOGY 

Seismicconditions at Watana arei very similar to those ·at Devil 
Canyon. The Denali Fault to the north is equidistant from Devil Canyon 
and Watana, and is 'probably of major significance in selection of a 
Maximum Credible Earthquake for Watana site. However, the Sus itria Fault 
is only 2-1/2 miles to the west, and must.be considered as a 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 a MCE for the Watana site.· A preliminary report by 
USGS is included as Exhibit 0~2 of this section. 

CONSTRUCTION MATERIALS 

Material Requirements:· 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 limited. ·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. If a 
concrete gravity structure is recommended, a processing plant can be 
constructed in the reservoir area for processing the required aggregates. 

Material Reguiremen.ts: ·Emban~!'l.ent: Approximately 52,630,000 cubic 
yards of embankment materials wiil 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 chaDnel 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 valley 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 l960'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 D-4, and logs of explorations are shown on Plates D-11 
through D-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, ~nd 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 rockline 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" 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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·~~ 
il Partially .frozen, stratified drift estimated to be in the order of 
1 400 feet thick underlies the saddle dam. Silts and sands are most 
•1' common with lesser amounts of gravel and clay. Part of the foundation 

l1 upstream may rest on terrace material of crudely stratified cobbles, 
l.'.;: ... ll gravel, and sand. Permafrost is present with the temperatures in the 
1 

frozen mass so close to the melting point that stripping of the muskeg 
1 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 
1nc 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 aggregates may be obtained from the river channel deposits 
and sand and gravel bars of the Susitna River. 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 silt 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 1 ithic grains. .A 
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. Three trenches 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-l/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 l/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 mill ion 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· pits 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 were1 forwardeQ_ to the U.S. Army, Corps of Engineers, 
Alaska District, for an eleiileiltary 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 otheraggregate suitability tests were run. 

Material Re uirements: Embankment: Impervious core materials as well 
as sand and·grave i ters may e obtained by selection from the glacio
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 Geolog? of the Vee Canyon Damsite, November 
1962. While explorations were not su fidently 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 in a small knob approximately 8000 feet downstream from 
the investigated site. · 

SITE GEOLOGY 

Present Site: The most critical geological factors at the present 
dams1te 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 liquifaction; (d) occa-sional 
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 
morain~ 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 albng 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 .also 
found. The sands sampled would produce concrete aggregates of fair to 
poor quality. 

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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Ma~erial 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 pervious embankment 
materials available in moraine and outwash deposits near the site. Also 
large terrace deposits ar~ 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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REPORT. 

SUBSURFACE GEOPHYSICAL EXPLORATION 

PROPOSED WATANA OAMSITE ON THE SUSITNA R~VER, A~AS~ 

~01~· 

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. 

illustrated on Plate 1, Plot Plan. 
) . 

J 

PURPOSE OF THE SURVEY 

The location of the site is 
I 

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· a 1 ong the 

lines. -In addition, the ~efraction data was interpreted to obtain any indi

cations of major structural, tectonic, or lithologie features which 'may exist 
I 

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 I~ORK 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 preliminary recon

aissance 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 m6re definitive.with the incorporation of mo~e and more surface and sub-. 
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surface information int~ th~ interpretation proces~. 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,imate·d from the USGS 

toRographic sheet Talkeetna Mounta{ns D-4. ·The subsurface crosi~se~tions on . . 

Plates z·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. Surface 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 Geolog:t 

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 Susitria 

'River. 
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The surficial materials observed at th_e ground surface and in the 

borings drilled for shotholes (maximum depth of 9 feet, usual depths of 

about 4 feet), are with one exception, generally of coarse glaci4l 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. The·se bou1der pavements have little or no 1nterstitial 

mate_rials in many cases. The rest .of the surficial materials consist of a 

heterogeneous mixture of s·ilt 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'll9+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 origin and ex-. 
tent of this clayey material is unknown, although it would pres~mably be of 

lacustrine origin. A. sample of this material was give_n to the Corps of 

Engineers representative 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 approx1-

.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 ruore 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 

The velocit1es 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 h.ighest . 

value of approximately 16,000 feet per second. This velocity is found from . . 
station 0+00 to 3+00 and from station 198+00 to· 220+00. I~ is considered to 

" be representative of probable igneous. 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 - )5,000 feet per second. The velocity 

contrast between this and 16,000 feet per second is considered sJgnificant 

and real. however, the cause of this velocity change is open to question. 

The bedrock in this area could be. igneous rock wi.th a slightly lower velocity. 

or it could be of a different lit~ology (metamorphic or volcanic rocks). 

The two low velocity zones in the bedrock (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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I! p~r second. These low veiocity zones must be cau·sed by a significant chang.~ 
; .. 
~in either lithology or inte~nal 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 ,of stations 5+00 through 11+50, 

1 suggests that .this low velocity zone may represent a shear zone.. However, 

:this low velocity zone ~ould also be caused by lithologic di~ferences. The 

,; low velocity zone between stations 161+00 and 178+50 could 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 
ij 

:1 fully saturated overburden. The range of 5,500 to 6,500 feet per second is 

_;the normal Velocity for fully saturated alluvium/glacial outwash material. 
'· 
j; Velocities between 6,500 a.nd 9,000 feet per second must represent other than 

;i alluvial/glacial outwash conditions in the overburden. There are three 
~ . 

::possibilities:. 

ii 
(i) Ground moraine overri~en by relatively thick glacial ice 

can have velocities in this range~ 
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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 relative:y 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, .bl.lt 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 educated guesses between the alternatives given 

for this velocity range. 

! RIVER BOTTOM (LINE C) 

Topography 

The northern monument of line C {0+00) w~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 GeolOQY 

Igrieous bedrock outcrops in a vertical cliff on. the south side of 
I ' 

I the river ~bout 15 feet behind ~he sprue~ tree used for.the southern monu-
\ . . 
; ment of the refraction 1 ine. There were no observed bedrock outcrops nei;ir 

i the northern portion of the refraction .1 ine. .The slope between stations 

j1+00 and 0+00 and north of 0+00 consists predominantly of large-sized talus 

I boulders with little or no interstitial material. The materials on the gra-
1 

! 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~cellent arrival information 
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i li . 
jjwhile the hydrophones gave very poor arrival. information due to the .very 
li 
li great noise generated by the river current. The accuracy of the depth to 
'I 

I bedrock showQ on Plate 4 is considered to be plus or minus 15 percent of 
I. . 
I . . ~f • . 

'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~ity of the. igneous rock which has 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 1 ine C is th.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 saturated alluvium with a high percentage 

of· large clastics. 

SUMMARY AND CONCLUSIONS 

· The subsu!'face cross-sections sho~n on Plates 2 through 4 contain 

our best estimates concerning the probable depths to bedrock along the 
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11 refraction line in the upper right abutment area .• and ·in the vicinity of the 
II 
,I 

i· proposed dam axis. These cross-sections can not be taken at face-value. but I . 
I 

Jmust be c~nsidered in context with the discussion of the resul~s given in 

j the main body of this report, and the dicussion of accuracy given in 
j 

j Appendix B. Additional subsurface information would provide more definitive 
I 

i interpretations concerning th~ geology of this area . . 
I 
I . 
' 

! 

There is a considerable portion of 1 ine A where the bedrock surface 

J 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 
ij ' . 
:; in this report of a true elevation of 2,300 feet for station 0+00. T_he area 
" !! • 
l: 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 may or may no't contain an 

abandoned, buried river channel as such. It .is possib·le that this• area may 

be due solely to preferential excavation of metamor~hic 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 a 1 ong the water • s edge of the. reservoir may 1 i e above or be 1 ow the 

possible pool elevations. 

The presence of boulder pavements on the surface of this·area and 

the possible existance of a relatively thick bo'ulder zone between stations 

21+00 and ,53+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 shothol.es· at stations 119+50 
' . 

and 132+00 may ind~cate a possible borrow 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 high degree of frac

turing within the bedrock (shear zone), or by a lithologic 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 igneous; 

or may be a combination of igneous and metamorphic rocks. 

- 0 0 0 -

·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 ~e1smic Refraction Records Lines B and C 
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Appendix A 

Appendix B 

. . 

Field Work 

Accuracy of Results 

Respectfully submitted, 

(}ES & MOORE~- . 

-~lL~·. 
Sukhmander Singh · _ 
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APPENDIX A 

FIELD WORK 

The geophysical field work for this report was performed betw,een 

August 28 and September 8, 1975 at the Watana damsite. :The field crew con

sisted of three Dames & Moore geophysicists, two lJcensed powdermen, two 
. ~-~-

surveyors, a helicopter pilot, and several technicians. The Cor;ps of 

Engineers sent a repre~entative to the site for the duration of.the field 

i work. 

' The survey consisted of one 22,000 foot seismic refr'action 1 ine . 
utilizing geophone spacing6 of 25, 50, and 100 feet. One 545-foot ~efrac-

tion line was conducted perpendicular.to the Susitna·River near the axis of 

the ·proposed dam. In addition, a short 100-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 provicJed by a 2068 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 1ocated 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 charges (Kinemetrics K1 2-component explosives) placed into 
. ' t ', I . 

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 the 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 shotp_oint. All charges were steiJUlled 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 cab.le 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 Ampiifier, 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 interyals of 25 feet and secured to· 

cable crimps fastened to the stress cable to prevent any slippage. Ten ver

t· tically oriented land geophones were spaced at intervals of 25 feet on the 

dry ground of the ~orth bank of the ri'ver. Shotpoints for the r,iver .1 ine 

were positioned at both ends and 282 feet downstream from station 1+80. 

To supplement the river survey, a 100-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 ~n 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 ~6 percent of the calculated depth to b~drock are quoted in ·this repqr~. 

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 v~ry special meaning which must.be explained. 

The qu_oted accuracy is a qualitatiye estimate made by the geophysi

cist who Jnterprets the refraction data, aQd 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 tne · 

refraction line will show that the average depth to be~rock 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 qu6ted 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_ns a large faotor to 

account for such possible subsurface conditions. One or more. 

-borings which penetrate bedrock along the refraction 1 ine, 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 lrregular subsurface conditions and overlapping sub-

surface anomalies: The refraction data between stations O+OO 

and 53+50 on 1 i ne A is an ex amp 1 e 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-

bil ity 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 
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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 a noma 1 i es. 

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 ~he seismic 

velocities. 

The velocities shown on th~ time-distance plots are not necessarily 

the real velocities of bedrock or overburden •. These plots contain' the effects 

of subsurface conditions and the geometry of the seismic wave sistems. These 

calculated velocities are therefore called apparent veloc.ities. • The appa.rent 

velocity from one direction .on a geophone profile is directly related to the 
. 

apparent velocity f~om the other direction. The combination of these two 

apparent velocities is related to. 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~llO+OO TO 220+00 

UNE C 

- (RIVER LINE) 

UNREADABLE AT REDUCED SCALE · 

NOT REPRODUCED FOR THIS EXHIBIT 
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PRELDIT~ARY Gl::OLOGIC A.'m SEISHIC EVALUATION OF THE PROPOSED 

DEVIL CA.\"YON A.'\D WATAI~A RESERVOIR AREAS, SUSITNA RIVER, ALASKA 

: ' 

by 

John C. J..ahr and Reuben Kachadoorian 

·. 

This report is prelminary and has not been edited or reviewed 

for confornrl.ty with U.S. Geological Survey standards and nomenclature. 
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ILLUSTRATIONS 

Plate 1 --Map showing faults in the area of propoaed Devil.Canyoq and 

Watana damsite, Susitna P~ver, Alaska. 

,·· 
2 -- Map showing locations of epicenters in the area of the proposed 

Devil Canyon Md Watan<t. damsites, Susitna River·, Ala.Ska 

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 shrnving the extent of the underthrust 

Pacific plate. 

f:Uling • 

. . 
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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. TI1e Alaska District, CE, 

requested (1) a brief study of the potential for seismi.c events caused by 

reservoir loading and fault lubrication, (2) a brief study of major mass move-

\ 

ment potential .in the reserv·oirs with emphasis on poss.ible catastrophic events, 

and (3) recornmendationsfo~ 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 geolog~~ and seismic hazards.and recommendations for 

detailed stud;ies of potential hazards that should be undertaken in the Devil 

Ca.Tlyon -and Watana Reservoir are~. This response is b.ased on a literature 

ce•,.rch. discussions with colleagL~es, c.xmr.ination of vertical aerial photogrtiphs, 

&nd a prior geologic investigation of the Devil Canyon DaniSite for the Bureau 

of Reclc:mation (K:::.chadoorian, 1974). 

The proposed Devil Canyon and Watana dams are located on the Su8itna River in 

the TalkeetnaMountains, 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 darn is 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 upstream for about 28 miles (45 kilo:~l'lleters) 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 
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GEOLOGIC SETTING 

Devil Canyon Site 

Geology.-- The proposed Devil Canyo·n darnsite is underlain by argillit~ and gray

wacke· of Cretaceous age. TI1e 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 dark-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:i,n. 

§tructure.--The fo"llowing discussion of s.tructure is taken from Kachadoorian 

(1974). TI1ere are three joint sets in the Devil Canyon dam site area, one well-

developed and 1:1.-ro poorly developed. The strike o£ the well-developed or master 

jcd.nt c.e!t varies L:cm N. 1,5"' H. toN. 10° \-1. c.nd ci.veragr~s N. 25° '17. 'TIH~ dip of th:o: 

joints ranges from vertical to 75° E. ancl averages 80° E. The average spacing 

of these joints is l1 to 5 ft. Locally, however, they are as close as 2 in. and 

as far as 15 ft apart. The joints., with few exceptions, are tigh~. ~!any of these 

joints are filled with quartz containing finely disseminated pyrite. 

_The two poorly developed joint sets consist of a generally· tight set striking 

parallel· 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 15 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, 

the joints in this set are tight. They dip from 15° N. to 15° s., but more 

commonly the dip is horizontal. 
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We~l-developed shear zones, spaced from SO to 800 ft. apart, have been observed 

.in the bedrock wal~s of Devil Canyon. Many 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, 'lo7hich is probably older than the shear zones. The strike 

of tr;e shear zones is N. 25° H. and the dip is 80° 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 mn311itude as the variation ~n attitudes of the master joint set. 

Watana Site 

.f~!£]0r~;-;y_. ···- 'i'he proposed Fatana clamsi te is u::tderJ.dn by granitic rock :v.'hich h~iS 

i11tn.tded the Cretacous argillite and gra;/~racke. Therefore, the granitic rocks 
('!.~G 

·is· late Cretace:ous .to Tertiary in age. The rock underlying the damsite is 

sound, hard, and coarse-grained. The reservoir of the Watana dam is underlain 

chiefly by granite, argillite, graywacke, greensto!le, and unconsolidated sediments 

of glacial and non-glacial origin. 

St~~~£_;-- He have no information on the joint and shear zone pattern at the 

proposed \\latana damsi te. 

Regional Faulting 

Except for the detailed work of Kachadoorian (1974) around the Devil Canyon dam-

site there has only been l:tmited geologic work, most.ly of ·a. reconnaissance nature, 

done in this region.· Plate 1 shows the location of regional faults (Beikman, 1974; 

Csejtey, personal'communication, 1975). Faults that are questionable are queried 

on the plate. 
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TECTONIC SETTING 

. The proposed Devil Canyon and Watana Reservo.ir region is located in the tectonic. 

' f'"l'" zone which extends along the entire margin of the Paci ic · p ate • Accord~ng 

to the tenets of plate tectonics the lithosphere of the cart~ 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 19G4 Alaska earthquake, 

' .,..-.. 
which occur on the surface of cant act between the Pacific plate and the North 

American plate in order to accommodate thei·r: relative motion; earthquakes which 

occ'r.lr in the North American plate in response to stresses produced by interaction 

wlth the Pacific plate; and earthquakes occurring in that portion of the Pacific 

ylate ~~ldch has been thrust below Alaska. The latter events define a region 

A major complication· in the tectonics of Alaska which is not l-Tell understood 

is the transition from underthrusting along the Aleutian trench to strike slip 

motion on the Fairweather fault. 

The present trench extends eastward only to about 145°W. • more than 200 km from 

the Fairweather fault. Therefore there appears to be a 11 transition11 zone in· 

southern. Alaska between the eastern limit. of underthrusting and the strike slip 

Fnirweath'er fault, and in this zone Alaska may be largely coupled to the Pacific 

plate (Richter and Matsen, 1971). Richter and Natsen (1971) present this 
il-e 

explanation for the Holo·cene and Quaternary faulting observed along Denali 
"' 

fault sys ecm and it probably influences the· tectonics throughout the reservoir region. 

It is within this tectonic framework that the regional seismicity will be reviewed • 

• 
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SEISMICITY 

Devil Cnnvon .:1nd.Vatana -Reservoir Region 

In order to access. the ambient sei-smicity of this re·gion sei~mic data compiled 

in the USGS (formerly NOAA) Earthquake Data File for January 1900 through 

February 1975 was searched for e\rents located from l46.5°W to 15lo5°W and from 

62 °N to 63o rN. . This data set was used to plot the epicenters shoWn on Plate 2 0 

' . . 
The accuracy o.f·these epicenters is highly dependent upon the number and distri-

but ion of seismograph stations used b 'their location. Previous to 1935, 

'when the College, 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 n1agnitudes of from 5.6 to 6.25. They have been assigned 

0.0 krn depth due t:o lack' of depth control and their epicentral·coordinates have 

an accurc..cy of approxiFmtcly 100 km. Ear-thqu3.kes ·recorded from 1935 to 1960 

have an epicentral accuracy. of approxiruc::tely ·so km and errors i.u depth. as great 

at 100 km.. In this data file the. only magnitude 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 order to. be recor.ded by enough stations for a 

location to be determined. With the establishment of the World Wide Standard 

Seismograph Ne.twork (WWSSN) in the .1960's and the use of computer techniques for 

earthquake location theprobable errors were again reduced. Froni 1960 through 

. s· l966 two events pf magnitude class 6 occurred, both below 70 km depth. Five 

events of class 5 were located and thre.e of these had depth of 50 km or less 0 

,Further 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 o Since that time 
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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 one occasion. 

The •seismicLty in the region of the proposed reservoirs ranges in·, depth from 

less t.han 10 km to greater than 175 km. In order to emphasize the more· 

reliable earthquakes no.t associated with the Benioff zone, the eve'nts shallower 

· than 50 km and occurring since January 1967. arc. indicated by solid symbols. 

Events at 33 kni depth arenot.included, however, because this depth is assigned 

to those earthquakes which lack depth control and they .may, in f~ct, .be deeper 

than 50 km. The five largest events with reliably determined depth of. 50.km or 

less and located since 1967 have magnitudes ranging fr.om 4.1 to 4 •. 6. In addition 

fol:lr magnitude class 4 events are assigned a depth of 33 km •. The clo:::est of these 

etght evl.!nts to ·the damsitcs occurred in-1970 and was located about 72 km south 

of. the proposed \-Jat.;;na d.;:nr.sitc, at <l. depth of 44 km. :iti.fty-four. m<ir;nitl.lr.1c 

chLSS 3 earthquakes wi.th d.:pth of 50 km or less were located since 1967. Seven• 

of the 28 events \lith a reliable clepth estimate 1.o1ere located within 50 km of 

on~ or both of the proposed damsites. 

The tectonics of this region are· too poorly known at this ·time to reliably predict 

the location end magnit;ude of future crustal earthquakes. .The Denali fault, 

which lies .less than 80 km north of the proposed d.amsites, ·Plate 1, is a major 

strike-slip fault with geologic evidence for .a 3· ~m/yr average Holocene slip rate. 

This fault could sustain a magnitude 8. 0 event. The activity of the other 

faults sho•m on Plate 1 is uncertain, and the shallow seismicity is too scattered 

to reliably associate it with individual faults. 
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Benioff Zone.-- 111e seismic. activity deeper than about .50 ktn ·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 (Lain, 1975), as shown in Figures 2, 3, and 4~·· Portions of cross-

sections F, G, and ll pass throughthe reservoir region as noted on Plate 2. 

Reference to Figures 3 and 4 shows that the upper limit of the Benioff zone lies 

Rt a depth of approxil:lately 50 to 80 km below the I>i:'oposed reservoirs. 

Since 1967 there have been 58 Benioff zone events 9f 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\.c...s& 

lf:Ore below the damsite and .possibly as large as magnitude,,J should be considered 

for its shaking ha?an! in designing the dams, but faulting associated with deep 

e.ven ts '•·~ulLl nor: '~xtend into the crust. 

... 

GEOLOGIC MW SEISHIC HAZA!illS 

Mass Movement 

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 overhanEing cliffs formed by the southerly dipping beds~ The overhanging 

cliffS have resulted in large blocks, that, in s.ome 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 dam they could damage the structure. It is ~nknown· whether such large 

blocks occur in the Devil Canyon and Watana reservoir areas or.at the Watana d~site. 
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Figure 2. Index map showing the location of the 4 vertical cross-sections 

shm..rn in Fig. 3. Each cross-section includes the epicenters 

within a 100 km wide zone centered on the corresponding line. 

Tick marks are spaced at 100 km intervals. along each line. 

·Art~r L~1r (1975). 
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Figure 3. Vertical cross-sections of PDE data for Jan. 1970 - May 1973. 

Location given in Fig. 2. Small -and large X's correspond to 

10-49 and 50 o~ greater stations used in location; a t is 

plotted above Alcutii:m Trench crossings. After Lahr (1975). 
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Figure 4. Map of south central Alaska region showing the extent of the 

underthrust Pacific plate. 50, 100, 125 and 150 km .contours 

are given for the upper surface of the Benioff zone. The 

Denali and Totschunda faults are shown (after Richter and 

Hatson, 1971). The thrust faults, sawteeth on upper plate, 

are after Plafker (1967). Depth .contours arc in fatholl'S. 

pole at 54°N and 61°W. After Lnhr (1975). I 
Relative motion vector shown is portion of small circle about 

I 
I 
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Approximat~ly 1/2 mile. {1 kilom~tero) ups,t-ream from the proposed \-latana damsite 

a study of. aerial photographs indicates'that there may be a large landslide on 

the south wall of the. canyon that has reached .the Susitna. River. Small land-

slides were noted on Watana Creek about 1 mile {1.6. kilomefcrs) ·from its con-

fluence with the Susitna River. It is unknown whether these landslides are 

the resu L-7. of seismic.~ctivity. However, studies have .s.hown that numerous 
. . 

landslides occur during _a. seismic event. Therefpre, one must assume that the 

_. pra;Josed Devil Canyon and Watana reservoirs could be f:!Ubjected to earthquake 

,g~nera ted landslides. 

ThP.re are numerous t1"!1COl1SOlidated sediments consisting of glacial debris and . 

alJ.~vial .fan deposits that are plac;tered on J:he walls of. the canyon high above 

the riv(;l·, These. un..-:.o~\solidc;ted scdi~aents \olill be inundated \·lhen the Devil 

C1myon and 1-lat<:ma reservoirs Dre filled. DHring e. major seismic event these 

sediments may slide a~1d generate waves in the reservoir. 

·'The. highest run ups of waves generated by overhanging 'blocks falling in to the 

reservoir and subaerial and subaqueous landslides will. occur at the landslide 

site and on the opposite wall of the reservoir. Waves generated by landslides 

~.t ~ bend in the reservoir could be oriented primarily along the axis of the 

t·eservoir. If such waves do occur~ they· would runup higher along the face of 

the proposed ·earth fill Wa'tana dam thari the proposed concrete arch Devil Canyon 

dam. 

Seiches 

S~iciws thilt devt!lup in lakl!s and reservoirs during earthquakes generally do not 

high crests and probilbly would not cause significant dnm.:.1ge, how.ever, this 
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possibility does exist. In the llebgen Lake, Montana earthquake of 1959 · 

subsidence of P?rtions of the lake caused -g-reat surges .of wate~, as high as 

10 feet above the previous s_tatic water ·level, that overtopped the dam thre.a 

or four times (Myers and Hamilton:, ·19:64) • .~ 

Earthquakes Induced by Reservoir Filling 

Table 1 summarizes some of the cases in which there is an apparent relationship 

between reservoir filling and ~cismic activity. Ma."ly other large reservoirs 

have evidenced no recognized increase in seismic activity •. This tnduced 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 

···"·""'e·'-~ 
The most ... accep'ted theory, 

hm~ever, ts that increased fluid pressure in the earth e.ffectively r.educes 

friction and allows abrupt fat!lting to re.licve pre-existing stresses. Tite 

DccUficat:tou of the prc-(;;:Jdsting stresses by the we:le,ht of the imp_ouncled water 

may also be involved.· 

'Based upon. the reservoit heights listed in Table 1, as compared with the 1'!eight 

proposed reservoirs,· some· induced_ activity might 'be expected, and the largest 

event could be of magnitude class 6. Since. the induced faulting 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 jointed areas. 



TABLE 1 

,,SUMMARY OF ~.EISMIC AC'riVITY THATH!\Y liE RELATED TO RESERVOIR FILLING 

RESERVOIR 

Qued Fadda, Algeria 

L. Mead, u.s. 

. Rhodesia-
L. Kariba, Zambi 

llsifcngki11ng 1 China 

Cajura, Brazil 

!.. Grandvad, France 

Km:-o!:>r:, Japm 

i.... }{on tey ard, France 
., ·,'. 

::(~>·na, Incli.a 

y(,garno, s'~!.tzerland 

1 .. Kremasta, Gr.eece 

Hangla,. Pakistan 

Hendrik Ve-rwoerd 

Talbingo, AuBtralia 

Crancarevo, Yugoslavia 

Vajont, Italy 

lluryek, U.S.S.R. 

YEAR 
COMPLE:rED 

1932 

1935 

·1958 

1959 
' ' 
1959 > 

1959 

1960 

196.2 

1962 

1964 

1965 

1968 

1970 

1971 

YEAR·OF. 
FIRST 

EARTHQUAKE 

1933 

1936 

1961 

1959 

1970· 

1961. 

1962 

19Ci3 

1963 

1965 

1965 

1968 

1971 

1971 

A landslide in 

1911 ·1971 

MAGNITUDE . APPROXIMATE APPROXIMATE 
OF FIRST . WATER .WATER 
EARTHQUAKE HEIGHT (m) VOUTME (109m

3) 

Up.known 

·-·. 
5.0 118 35. 

.6.1 125 175 •. 

.6.1 105 11.5 

4.8 .30 .12 

V(Int:ensity) 78 292. 

4.9 180 

4.9 130 275. 

6.4 103 2.8 

Unknawn 

6.3 120 4.8 

Unknown 

2.0 66 5. 

·2.4 151 

·' 

4. 121 1.3 

1965 killed 2600 people 

5.5 120 

593 ·~ 
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TYPE 
OF 
DA:{ 

Arch 

Arch 

Buttresr. 

Arch 

Arch 

Concr<.!te· 
Gravir.y .... 

Earth 

Arched Wal. 

Earth &Ro 

Arch 

Earth & Ro 



CONCLUSIONS 

· The Devil Canyon ~nd Watana daniS:i.tes lie fn a region bf high 'seismicity between 

earthquakes in 

the magnitude 8 range-- the Aieutian subduction zone along·th~ southern coast 

of Alaska and the Denali fault system in the Alaska Range' to the north. · 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 subject -

to potentially serious earthquake hazards. Sur;( ace faulting, if 1 t occurs at 

the damsites, is a 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 damsites. Accordingly, ground shaking is 

li.kely to be a h!Ore significant hazard. Strong shaking may cause damage to 

structures directly ~md may also trigger slope failures and seiching of water 

in the reservoirs. In addition tQ th~ 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. :All thes·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 nece~sary to pick 

the optimtim 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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in the region. and if possible to wa.rn of impenqing dillllage to the dams by 

earthquakes and earthquake..;ind.uced landslides. 

3) To. further the understanding .of the JUechanism of re~ervoir-in9uced . . . . .. 

seismicity in order to improve the prospects for predicting or controlling 

both induced <and natural earthquakes. 

The Introduction and· and Recommendations of a publicat:Lon en~itled Earthquakes 

-Related to Reservoir ,Filling by the Joint Panel on Problems Concerning Seismology 

ancl' Rock Mechanics to the NAS-N.AE (1972) is appended for. reference. Their 

. recommendations •. aimed at the third ·category. are excellent and hav,e influenc~d 

the reco1IUIIendations proposed herein. 

2Ji.l. t:dcli tian to ti:(: dct<.dJ.cd (';eo1ogic usps that will no douh 1: be prepared for 

the area around the foundations of the· proposed Devil Canyon and Hatana Dams, 

geologic mapping should h~ carried out for the entire area of the reservoirs. 

~though great detail may not be required, special attention· should be gi v~n 

to the patterns of faulting, the competency of bedrock ·and the extent and nature 

of the unconsolidated sediments in the reservoir areas.·. 

Geologic studies should be. conducted to evalu.;ite 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!ld sense of 

the most recent, fault moven:ent, in 9rder to assess the potential for future 

seismic activity and to improve our understanding of the tectonic regime. 

The s L.ablli Ly oi ·the p~rch~d. unconsolidated sediments and large overhanging blocks 

of. bedrock. should be examined·. 
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Geophvsical Studies 

Because the damsitcs lie in a region of high • ,but poorly unqerstood seismlci ty, 

comprehensive earthquake investigations are recommended including: 

a). Operation of a n~twork of sens.itive se.ismogi'aph stations to 

record earthquake data necessary .for determining in detail the pat tern and 

. level of current seismicity, for identifying active faults, and for determining 

the orientation of tectonic stress in the region tbrough focal mechanisms. 
, . 

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 km of the reservoir 

area. Foci of historic earthq;uakes should be relocated by special computer 

·techniques to minimize the uncertainties in existing published. locations. The 

improved locations wo~ld aid in the delineation of active faults. 

c) Strong vmtion inst•·uments plac:c:d n.~ar.- ench of the proposed ci<.:::.sit:cs 

to record free-field ground sl1aking in the advent of potentially da:naging local 

·earthquakes. 

For purposes of earthqu·ake forewarning, it is recommended that· tilting of the 

reservoir be .monitored by installing continuously-recording watet .... level gauges 

at the east end, center and west end of each reservoir. At Tasu Reservoir in 

Chi1;1a premonitory water level changes, attributed to tilt, occurred prior to 

a large loc.al earthquake (B. Raleigh, personal communication, 1975). 

(, 

Gravity studies in the proposed reservoir region show a major NE trending 

discontinuity in gravity.. These data should be reviewed and additional data 

possibly ob.tained 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, ·!~eluding ea'rthquakes of mod~rate 
. . . 

magnitude (up to Richter magni~ude 6. 4) 1 some of them quite destructive, h.as 

occul;'red in association with the impounding of water in. large .reservoirs in 

several countries. For many othe~. large. reSel;'voirs, there is no evidence of 

earthquakes related to filli~g, 

As population~ have continued to increase and the demand for water has grown 

cor,r.espondingly, thjs phenomenmL has generated a considerable amount of international 

. ·-· 
interest •. 1'hour:h reservoir-related earthquakes have not thus far caused loss of 

· B.fe or not~ble damage in the United States, in at least three foreign areas such 

in Indla, at Kre1:1asta Lake in Greece, and at.lake Kariba in the Zambia-Rhodesia 

bou.ndal}' region. In tte past, such earthquakes were not gi:icn suff!cci.ent scientific 

attention to permit a comprehensiv~ 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 

importa."lce, perhaps, to the question of why these earthquakes occurred in these 

places is the. question of why no increase in seismicity h.as 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 recorde~ correlations between seismic activity 

and the filling of large reservoirs, discusses scientific considerations 1 and 

provides background for the recorr.mendat ions on the following pages. It is important 
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to consider, tltat for a ... r~lativ~ly small inc:rease. i~ .:the investment of ma~power, 

effort, and equipmcmt called fp,r".i11 .. ,the recommended monitoring ~d study -p~o!?ram, 

very, large bent;; fits might b~ realized .in terms .of greatly improve,d understanding 

of .~h~.!JJ<!dw.ni::;~ of mucJt larg,er, potentially catq.strophJc, natural events and 

in.·the prospects for :rredicting and. controlling such events or fer modifying. 

their effect!:)~., 

RECOHt·IEtmATIONS 

The Panel offers the following recommendations, whose purpose is to provide an 

improved understanding of the relations·hip between earthquakes and the impoundment 

.of large rese~oirs*--,of w-hether there is~ indaed, a cause-and-effect relationship 

in soir•e. eases; of the triggering mechanism, .or mechanisms, if such a relat:i.onship 

is cJogrly shown; <:>.nd of \-That \-Ze might do 'to Tllitigate or p;revent such earthquakes. 

Ulthtatcly, tlds knr;•.·,•}(:cg~~ HouJ.d also prov:i.d!':! t:he ba~is for consi c:ei:2 t::l.on cf 

the que~tion of what constitutes "acceptable risk"-- a question that 1dll h::;.ve to 

b~ faced increasingly i'n the future as ::ncn's needs;· 1d.th growing freqt1ency, cm::t~ 

lnto conflict with·risks.associated with his afforts to satisfy those needs. 

Geologic Studies 

In addition to the detailed geological maps usually prepared for the area around 

. the foundation of a proposed dam., g.eologic map.pi'rig 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, ttc;uallv impounded bddnd a dnm 300 feet or 
gr,!:ttcr in height. Although eartiu-tu.:.lk<.!s have also been reported in association 
with the filling of some smaller reservoirs the damaging quakl'S of relatively 
large mngni tudes hnvc occurred ncar l.:ugc rcservoi.rs . .ls defined above. 
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in the reservoir area. A clearer W'lderstanding ·or the hydrologic regime, 

particul3rly as related to the' faulting, is required. If large faults are 

present, and espedall.y if these ·show evidence of recent movement, a complete 

rt.>-e~·aluation of the chosen site, and of possible alternati"Ve sftes, should be 

made before 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 subse.quent geological and seismological considerations 

of the area. 

Geodetic Studies 

The _question of whether earthquakes occurr!ng in the vicinity of 'large reservoirs 

might be triggered by incr;;;ase:d fluid pressure or by crustal loading, or both, 

.remains to ?e resolved. Geocletlc studies ·before and after reservoir filling, 

t7ith spcci.al er,~~~hnG:\~ r;i'.:cu to vertie:a1 'iiiC<::~t'trements, \IOu.ld hel.p to answer this 

question. Such studies are being conducted in conjunction with seismic 

investigations at the Libby Reservoir in H!Jntana and sho1.!ld be included i':'l the 

planning for all fu.ture 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 leve1-lines run before and after filling. An 

additional check on'the response of the crust to 'loading could be obtained by 

trilateration using electro-optical measuring devices. 

Crucial information about elastic deformations at dam s!·tes can be obtained from 

long geodetic level-lines established before construction has begun and repeated 
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after the dam .has been complered~ . An. important addition :to such geodet;ic 

measurements could be. made by some form of continuously recording strain meter. 

Tiltmeters for emplacement in boreholes have been de·veloped recently. These 

instruments should ·be. installed in. at le.~t three widely s'paced boreholes prior 

to· filling of. a rescrvoi.r and recorded on a time base compar.ablc to that· of 

the seismic recording. If the response of the reservoir to loading takes place 

:f.n di.scontinuous steps J whfm earthquakes oc:cur, 1"a.ther than smoothly as the 

reservoir is filled, the tiltmetcrs will be able to resolve these strain steps; 

However, it should be emphasized that the continuously recording strain-meter

type measurement is not a substitute for the long level-lines. 

Seifim5.c Studies 

Comprehensive and continuing seismic studies should be carried out before, during, 

ltnd :;fl:er reservoir filling. Five years before. fi-lling, n tJ:ip<>rt:i.te I:.ct:·.:c.t·k· 

of ~;el.smographs should be installed. These will serve to give approxim~te loca

tions of earthqu3ke.s th.:lt may occur prior to filling and to provide a :n:o£;.sona~le 

record o,f their frequency of occurrence. If the pattern of seisn\icity changes 

as the reservoir is filled, the network should be expanded to the number of stations 

needed tci provide good coverage ·of the entire reservoir area. Experience has 

shown that at least 10 high-gain, short-period stations are required for accurate 

locations .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 

geolo3ic faults using microearthquake-detectfon techniq~es· and other methods. If 

fau!ts exist, an cvaluati~n should be made o.f 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 .. 

GENERJ\L 

Alaska has a wide variety of energy alternati,ves to produce electricity. 
Each of the major energy resources--oil, coal, natural· gas, and hydroelectric 
potential caul d easily meet projected power requirements well beyond the 
year· 2000~ The nucle~r energy alternative is also available, and geothermal 
resources 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 powerplants 
and ·coal. Major power resources, both hydroelectric and fossil fuel, and 
the greatest power demands are in the Southcentral Railbelt 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 1). 
Containing about 75pefcent of the population of the state, this region is 
served by the Alaska Railroad, and is commonly referred to as the 
11 Ra i 1 be 1 t. u. 

It has been determined that hydroelectric power in the Southcentral 
Railbelt Area could be operational by 1986 with the completion of a dam 
~.nd powerplant; thus economic and financial feasibility should be assessed 
in terms of realistic alternatives that could be made available in about 
the same time frame. Such alternatives include power from Cook Inlet 
oil and natural gas~ coal resource~ in the Beluga and Nenana fields, oil 
from the Alyeska pipeline, natural gas from. the North Slope, other hydro 
resources, 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 significant env1ronmental impact on urban 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 environmehtal values and alternatives and must antici

. pate that Alaska and the nation will attach increasing importance to 
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environmental ~;protection~· ~nergy conser.vati on., and conservation >of non
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 significant ~nvfronmental impacts of the various proposed 
alternat1ves would vary depending on.~the. location, design, construction, 
and operation of the fac i H ties· .for each of the alternatives. j -. 

Solutions 'considered in. this investigationto meet electrical neecls 
of the Southcentral Rail belt area were grouped in three major categories: 
a lternatiV£1 sources of, power; a 1 ternative hyclrop.ower sources in the 
entire Railbelt a,rea; and alternative hydropower sources in the Upper , 
Susftna· River Bas:in. · The amount of study given to each potential .solution 
was establ.ished by first screening each alternative for suitability, 
applicability, and economic merit in meeting needs. Each alternative 
was tested for physica·l, political, financial, institutional, economict · 
environmental, and social feasibility. Continuous coordination was 
maintained with area State and Federal. agencies which have .related 
interests. 
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ALTERNATIVE' HYDROPOWER-SOURCES IN THE RAILBELT :AREA 
' . ~ i ,.",- . 

RAMPART CANYON 

· Considerable study has been made of the possibility of developing 
hydroelectric power in the· Upper Yukon Basin;~ with a· dam located. jn 
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 potentials in North ' 
America .. The proposal wouldcreate a reser-voir with a water surface 
area of approximately 10,600 square miles, with a maximum 1 ength of 280 
miles and a maximum width of a'bout 80 miles .. The project would provide 
firm annual energy 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 damagingi 
Implementioh 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 11 Lower 48 11 through an in terti e system .. However, 
this would be a major action not directly applicable to energy needs of 
the Rail belt 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 established 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 
project's 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 11 high dam" would develop 
firm annual energy of 21.9 billion kilowatt-hours. A "low 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 COf!ITJUnities and would crea1;e serious environmental problems affecting 
both fish and wildlife resources, especially the large salmon runs on 
the Copper River. Unless thE:!. problem posed to migrating s.almon could be 
solved satisfactorily,.the project would have an extremely adverse 
effect on the major commercial fishing industry in a wide area ofthe 
Gulf of Alaska. This alterpati~e is not conside~ed feasible·at this time. 

CHAKACHAMNA LAKE 
' ' 

The possibility of developing hydroelectric power from Chakachamna 
Lake was investigated. The lake is lOcated on the Chakachamna River 
which empties· into the west side ofCook Inlet approximately 65 miles 
west of Anchorage. The facility would-generate .L6 billion kilowatt
hours of·firm annual energy. The project would require the erection of 
tramsmission .facilities over difficult terrain to tie into a South-. 
central Railbelt transmission System and the construction of a high-cost 
11-mile.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 infeasible at this time. · · 

BRADLEY LAKE . 

The site for this authorized· hydroelectric project {s at Bradley 
Lake on the Kenai P·eninsula 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 
Southcentral Railbelt power system. Advers.e environmental impacts of 
this proposed project would be relat·ively rtiinor compared to the other 
hydroelectric devel.opment alternatives which were considered. If an 
economically feasible plan·can be developed~ for Bradley Lake, the 
project could be integrated with future development of the su·sitna River 
basin. By itself, this project would fulfill only a small portion of 
the projected electrical needs of the R.pilbel't area. 

UPPER SUSITriA RIVER ftASIN 

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 RecTama·tion .in -1948, l952, 1961, and 1974. · The 1952 USBR 
report ind-icated; 12 potential hydropower ,sites in. the.· basin; of these, 
the five damsites s·tudied i.n the upper Susitna basi.rt showed the highest 
potential. · These studies sllow:ec:l the environmental ir_npact from· .projects 
in the Upper Susitna 'River Basiri would not be as severe as those from 
other basins, and the' firm energy potential could contdbute substantially 
to satisfying the needs of the Southcentr,al Rail belt area. 1herefor:e, 
the Upper Susitna River -Basin was det~rmiried to be· the mo~;t feasible . 
. location for hydroelectric .development nece·ssary to ·sati$TY a significant 

· portion of the projected needs of the Southcentr~l RafH:Jelt Area prior 
to the year 2000( Following is a detailed des-cription:·at· the basin 
study area along with other pertinent.environmental ,clata, a:s a basis for 
evaluating impacts attributable· to v~r~~~~ hydr<?,~1e,c~r;:iC. :dE:!IJ~lopment s.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 
disGharging into 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 awide 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 
Gold 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 12Umiles through a broad silt and gravel
filled valley into Cook Inlet near Anchorage, almost 300 miles from its 
source. 

Principal tributaries of the lower 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 Riverj one of the Susitna'~ largest tributaries, begins 
in the high glaciers of the Alaska Range, flows in a general south
easterly direction for approximately 95 miles and enters the Susitna 
24 miles upstream from its mouth. 

The Talkeetna River originates in the Talkeetna Mountains on the 
southeastern part of the basin, flows in a 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 Chulitna-R-iver heads on the southern slopes of Mount McKinley, 
, the highes.t 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 silt
laden Maclaren, the less turbid Oshetna, and the clear-flowing Tyone 
(Figure 4). Numerous other smaller tribUtaries generally run clear. 

·Streamflow.: in the Susitna River basin· is charactedzed by a high rate of 
discharge from May through September and by low flows· from October 

. through April. 

Most of the Upper Susitna River Basin is underlain by discontinuous 
permafrost. Permafrost is defined as a thickness of soil, or other 
surficial deposit, or of bedrock beneath the .ground surface in which a 
temperature below 320F has 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 wttb the 
Susitna is generally underlain by thin to moderately thick permafrost. 
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 Susitna River is a scenic, free
flowing river with very few signs of man's presence. The extreme upper 
and lower reaches of the Susitna occupy broad, glacially scoured valleys~ 
However, the middle section' of the r1ver, between the Denali Highway and 
Gold Creek, occupies a stream-cut valley with spectacular rapids in 
Devil Canyon that are extremely violent. 

The Susitna, the Bremner in the southcentral region, and the Alsek 
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 upper 
limit of navigability, and cannot be attempted without risk of life. 
Few kayakers have completed the dangerous ll-mile run through Devil 
Canyon. · 
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The Susitna was one of the Alaskan rivers recommendedJor detailed 
study as possible additions to the National Wild ~nd Scenic Rivers 

.system in 1973, but was not one of the 2Q,rivers recommended for inclu
sion in the system by the Secretary of the Interior in 1974. The 
Susitna Riv.er 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 upper Susitna River since recording 
started in 1950. 

High summer discharges are caused by snowmelt, rainfal'l, 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 rel~tively silt-free. 

Cook Inlet: All of the major water courses which flow into Cook 
Inlet eitheF 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 Rail belt area is characterized by three lowland areas 
separated by three major mountain areas. To the north is the 
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Tanaria-Kuskokwim.:towlal)d, which is delineated by the Alaska ·Range to the 
south.· The SusitnaLowland is 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 T.alkeetna 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 A~aska Range to the west and north and the 
Talkeetna Mountains to the ~ast make up the high perimeter of th~ 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 intrud~d by granitic masses. The Talkeetna Mountain Range, 
with peaks up to 8,850 feet, is madeup of a granitic batholith rimmed 
on the Susitna basin side by graywackes, argellites, and phyllites. 
Much of the interior portion.of the basin is fluvial-glacial overburden 
deposits. Glaciers~ in turn, carved the broad U-shaped valleys. 
Glatial overburden covers the bedrock, which is composed mainly of shale 
and sandstone with interbedded coals, Paleozoic and Mesozoic sediments, 
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 s6uthcentral area of Alaska is one of the 
world's most active seismic zo.nes.- In this century, 9 Alaskan earth
quakes have equalled or exceeded a magnit~de of 8.0.on the Richter 
Scale, and more than 60 quakes 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 southcentral 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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SEDIMENTARY AND MET AM ORPHIC ROCKS 

QUATERNARY 
Surficial deposits, alluvium, gla.cial debris, 
eolian sand and silt 

TERTIARY 
Sandstone, conglomerate, shale," mudstone; 
nonmarine and marine 

!-.1ESOZOIC 
Sandstone "and shale; marine and nonmarin'e;. 
includes some metamorphic rocks 

PALEOZOIC A."'D PRECA!-.IBRiAN 
Sandstone, shale, limestone; mostly" marine; 
includes some early Mesozoic rocks 

.PALEOZOIC AND PRECA!-.IBRlAN 
Metamorphic rocks: schist, gneiss, etc.; 
mainly Paleozoic 

IGNEOUS ROCKS 

~·Quaternary. and Tertiary volcanic rocks 

~ Mesozoic intrusive.ro'cks; mainly gr_anitic 

~ Mesozoic volcanic rocks 

Paleozoic volcanic rocks· 

~~ v""'to ;I Paleozoic intrusive rocks; granitic and ultramafic 

~---------

Fault 
(Dashed where inferred) 

Source: U.S.G.S. 
APA-1975 
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Minerals: Most of the Susitna basin above Devil-Canyon is cohs.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-commercial size and grade is near DenalL Also, the: 
Valdez Creek gold placer district, from which there has been some pvo-
duction, is within the proposed project watershed. . · ·. 

. . . . .~ 

Though a number of mineral occurrences are known and the.area'is' 
considered favorable for discovery of additional· deposits, muctt.oT'.~he 
drainage basin has never been geologically mapped ... Thus, geologica~ly, 
the basin constitutes one of the least known areas. in the State exc:ept .. ·.· 
for a few areas in the vicinity of Denali where some geologic mapping· 
has been done. · · · 

f· . ' ' ., •. ! 
Geologic information for the project area is not detailed enough:to 

assess mineral resource potential within the proposed reservoir impoUndment 
areas. 

. . . .· 

. The Alaska State Department of N~tural Resources states 'that ther:e 
. are "active11 and 11 non-active" mining claims in the upper'Susitna River· 

drainage area between Dev'il Canyon and the Oshetna R1ver. Many of these · 
· claims are in upper Watan~ Creek above the maximum reservoir pool 

el evat1on, and in the surrounding drainage areas where copper activity,. 
is moderately extensive. ' 

Climate: The Susitna basin has a diversified climate~ 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 Ta 1 keetna Range on the east. The suinmers a're characferi zed . 
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 40°F. The extreme t~perature range is between · 
-48 and 91°F. 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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Biologi~~l Characteristics: 

Fish: 

Anadromous Fish: Fish inhabiting the Susitna basin are divided 
into two major groups: resident and anadromous. The anadromous fish 
spends a portion of its life cycle in salt water, returning to the 
freshwater streams to;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~ 
number of y~ars, 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 millio.n pounds of 
salmon harvested in Alaska during the year. Chum, red, and pink salmon 
totaled about 9~ percent of the salmon catch for Cook .Inlet during l973. 
19.73 .Catch and Product,ion--Commercial Fisheries Statistics--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 
comm~rcial 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~sJn. 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 an~ 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 river's 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 andSeptember 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 aboutl.5 percent of the total weight of 
salmon caught in this area. The 1973 catch figures for king salmon were 
very 1 ow 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 
called a kokanee and usually attains a length of from lZ·to 15 ihches. 
In 1973, almost 700,000 sockeye were caught in Cook Inlet, with a total 
weight of over 5 million 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 
2years in fresh water and'returns from the ocean to spawn at 3 or 
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 average mature weight of 8 to 9 pounds. This species migrates 
to sea immediately after hatching and matures between 3 and 6 ,years of 
age. The 742,000 chums caught in Cook Inletduring 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. 
catch occurred 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 tol~rate high levels of siltation or low flows that 
dewater .the. streambeds during the incubation or a levin {pre-emergent) 
stages. 

Resident Fish: Grayling, rainbow trout, lake 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 
populations in ~he Susitna drainage is largely unknown. 

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 main Susitna River near 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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1 akes and ponds in ·this area to nest and to raise the,ir young. Large 
numbers of migrant birds also use the Susitna .River: basi.n for feeding 
and resting during spr.i,ng and fall flights' to and from .Alaska's interior 
and north slope. ·Distr.ibution and density of waterfowl habitat within 
the Railbelt area is shown on Figure 6. 

Raptors: Raptors, including golden eagles, bald eagles, and various 
species of hawks, owls, and falcons, occur thro·ughout the entire Susitna 
River basin but in smaller numbers in the river canyon between Portage 
Creek and the Oshetna River.. A June 1974 survey ·df cl iff,..nesting raptors 
conducted by the U.S. Fis.h and Wildlife Service, determined that the· 
population densities of ·these birds between Devil Canyon and .the Oshetna 
River are low· and that no endangered species of peregrine falcons, . · 
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 !'ass area of 
the upper Chulitna River. 

On the basis of the 1974 U~S. Fish and Wildlife Service findings, 
other raptor populations in the canyon area of the upper Susitna 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 irt most of the area. 

Various other species of birds including songbirds, shorebirds,and 
other small birds are found throughout the Upper Susitna 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 recr.eational 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· attributed to various factors~ including migration to 
other areas, bad weather, predation~ 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 much of 
the Upper Susitna River Basin (see Figure 7). Themajor calving area 
for the herd is on the northeast slopes of the .T,alkeetria Mountains on .. 
the upper reaches of the f<osirra Greek, _Oshetna River, and Little Nel china 
River drainages. Calving gEmerall_x. takes place between mid-May and mid
June. Except for intermittent seasonal migra.tion routes across .. the 
Susitna River in areas upstream from Tsusena Creek, caribou. are not 
resident to the main Susitna River canyon between. Devn Canyon and the 
Oshetna River. · · · 

Caribou depend upon climax 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 a.n almost constan't change of winterranges, a phenomenon 
that has undoubtedly characterized Alaska Is carfbou populations for 
centuries. · 

TheAlaska Department of Fish and Game considers the Nelchina herd 
to be one of the Sta~eLs most i~portant caribou populations. Several 
thousand hunters from Anchorage and Fairbanks participate in the annual 
hunting of this species.: Additional thousands of non-hunting recrea
tionists view the migrations of .caribou as. they cross the State• s major 
highways. In addition, the herd provides sustenance to predators and 
scaven'gers such as wolves, grizzly bears, black bears, wolverines, lynx, 
and various s~eties of birds. 

Moose: Moose range throughout much of the Upper Susitna River 
Basin (Figure 8}. Wide fluctu~tions of populatiDns have occurred over 
the years. A 1973 Alaska Department of Fish.and Game fall aerial count 
resul.ted 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, 
huhting pressures, wolf predation, unbalanced age-sex ratios, and elimi- · 
nation of habitat. · 

Much of the Upper Susitna River Basin fs at or above timberline, 
resulting in large amount~ of "edge" 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 theSusitna 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 fof moose th~t do utilize this area~ 

Grizzly/Brown Bears: Grizzlies, also referred to as brown bears in 
Alaska,· are common throughout the Susitna River drainage and are fairly 
numerous jn the 1Jpper Susitna despite 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 bymid-November (see 
Figure 8). Bears usually reappear during May, depending on weather 
conditions. Important spring foods include grasses, sedges, horsetajls, 
other herbaceaus plants, and carrion when availab.le. On 'occasion,.moose 
Or caribou calves are taken. Berries--lowbush and highbush cranberries, 
blueberries, and bearberries--provide major summer food supplements·. A 
prime ~onsideration for grizzly bears is to minimize direct cbnflict 
with humans, as the ~rizzly is adversely affected by contact with man. 

. . 

Hunting for grizzly bears in this area riften occurs in~identally to 
other hunting during the short fall open season. 

Black Bears: The Upper Susitna River Basin supports fair black 
bear densities. The larger populations are in semi-open forested areas 
with readily accessible alpine-subalpine berry crops. River bottoms, 

·lake shores, and marshy lowlands are favorite. spring black bear areas. 
Black bears generally eat many of the s.ame types of food as are eaten by 
grizzlies. Denning' habi.ts 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 are~, and black bears are not as adversely 
affected by contact with manas are grizzlies. 

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 becomescattered on the northern portion of the range, where parts 
of themountains are uninhabited by sheep. Dall sheep .are also found in 
the Watana 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 man's 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. The goats 
generally inhabit rougher ter~ain than do Dall sheep, and are thus less 
susceptible to man'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 extreme caut.ion. Wolf numbers have been estimated 
from a low of 13 .in 1943, after predator control efforts, to a high of 
400 to 450 in 1965. Currently an estimated 300 wolves populate the area 
encompassing the upper SiJ!;itna, theTalkeetna Mountains, and the upper 
topperRiverdrainagearea .. The wolf ha$ 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, from 1957 to 1967, wolf predation neither adversely affected other 
game populaU6ns, nor reduced hunting success for sportsmen. However, 
absolute c.onclusions were uncertain since moose and caribou populations 
may have.r'each.ed their highs during this per-iod. The study proved that 
wolves and men can often coexist while competing for game. animals, but 
that at -times man.must accept reduction of .available game by wolves. 

Wolverines: This area of Alaska has consfstently 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 
h·unter returning to a kill site to find .;1 wolverine feeding on his moose 
or caribou. ·Wolverines have withstood human encroachment and trapping 
without any noti ceab 1 e 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. Found in varying populations throug~out much 
Of the Upper Susitna River Basi.ri and transmission corridor, each of 
these species has its own unique habitat requirements. However, except 
for a 1 imited number of beaver, the river canyon area between Devil. 
Canyon and the mouth of the Oshetna River is not considered good quality 
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 mfce. 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 b·e nesting along the upper Susitna 
River at present, there have been occasional sightings within the are~ 
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 subspecfes. ._, 

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 
and ice fields, lakes, and riverine ecosystems; the tundra system is 
subdivided into moist, wet, and alpine tundras; and the coniferous 
system is divided into six plant-related classifications. 

The Upper Sus.itna 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 poplar 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 flats 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 from 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 s 1 opes and on the 
surrounding benchlands. The major timber species include birch, balsam 
poplar, black cottonwood, white spruce, and bl"Clck 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 fai.r yield of sawlogs 
could be obtained from stands of black cottonwood and balsam poplar. 

Cultural Character1stics: 

Population: 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 total population. The Anchorage 
area a lone has over half the res ide.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 s.lightly over 302,000 counted in the 1970 
census, an increas~ of about 28 percent in that period. ·ather estimates 
by the Alaska Department of Labor indicate an expected State p,opulation 
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 b.een in the Southcentral Rail belt 
area, and this trend is expected to continue. With the possible relo
cation of Alaska•s capital from Juneau to the Railbelt area, an addi..: 
tional population impact will be exerted on thi~ 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 S.usitna River valley. E):{cept for the small settlement at 
Den.al i, there are few, if any, permanent full-time residents. in the 
Upper Susitna River Basin above Devil Canyon. · · 
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Economics: The southcentral region of Alaska includes the Kodiak
Sheltkof area, the Cook Inlet area, and the Copper River-Gulf of Alaska 
area. the Southcentral Railbelt area is that portio~ bf the southcentral 
and Yukon subregions that is served by the Alaska Railroad. Both Anchorage 
and Fairbanks are regional economic centers for the Southcentral Railbelt 
area. Government, trade, and services compri~e 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 
dollar to the economy of the Rail belt area. In 1972 the wages and 
salaries for the southcentral region 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
centrated in four military installations. State and local 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 
Railbelt 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 Southcentral Railbelt area but for the rest of 
the State as well. The Port of Anchorage handles most of the waterborne 
freight moving into southcent~al and 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 direct impac(ontotal employ
ment, mining, finance, insurance, and real estate play impbrtant·roles · 
in terms of the secondary employment they generate in the region:·' Mosf 
people employed in mining engage in activities relating to petroleum · · 
extraction from fields inCook 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 ofoil and gas production in the 
southcentral region for 1972 was almost $240 million. Similarly, the 
Anchorage financial sector, in spite of its small employment. exerts 
consider:able 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 undergon~ 
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 p.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 the South
central Railbelt area, there will be a related increase in the demand 
for j~bs, goods, energy, and services~ Alaska has~ 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. 

Trans porta ti o~n: 

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 Tok Junction; 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 notopen 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 
1 akes 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 by ATVs, trail 
bikes, I:Jikers, horseback riders, and winter travelers. · 

. . 
Shallow .. draft river boats, small boats,· canoes, rubber rafts, and 

kayaks utilize sections of the upper S1,1sitna 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 6n recreational activities for 
most of the 5,800-squ~re-mile Upper Susitna River Basin is the short~ge 
of road access. Except for a 20-mile gravel road from the Glenn Highway 
to the southern shores of Lake Louise on the upper .drainag~ 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 area~ 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 ~reas.cif the Susitna River 
between the Denali Highway a.nd Devil Canyon. 

. . . 

Much of the Upper Susitna River Basin .has very little ·recreational 
activity at the present time. Grea:t distances, rough or wet terrain, 
and 1 ack of roads 1 imit use of most of this· area t6 a few hardy so.lils 
who enter these wild lands for recreational purposes. · · 

Hunting: A major recreational use of the up~er ~~sitna area is 
big-game hunting.and associated· recreational activities. The gfeatest 
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 is a significant factor .in improved hunting 
success, even in the face of declining game populations. The m~chanized 
ATV can penetrate deeply into previously inaccessible country, leaving 
few areas that provide havens for the reduced numbers of caribou and 
moose. It appears that the use of ATVs for hunting, already prohibited 
in some areas, inay have to be further controlled. · · · 

The hunting of Dall sheep, mountain goats, and waterfowl is minimal 
in the upper basin even in areas of road access such as the Denali 
Highway. 
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Fishing: Access is again the major factor in determining areas 
that are util.ized in fishing for grayling, rainbow trout, whitefish, and 
lake trout. The Susitna and Maclaren Rivers are silt laden throughout, 
th~ir entire courses during the wanner mon'ths.of the year. Therefore, 
sport fishing is limited to lakesv:e:l-earwater tributaries, and to areas 
in the main Susitna near the moatns of these tributaries. 

Sport fishing pressure in the upper Susitna basin 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 Susitnabasin. 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 1 ig_hter 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 do nrit extst 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 in a 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 historic sites within the study portion of the upper Susitna basin . 

. These are all essentiCI.llY relat~cLtg.;h~ .. discovery of gold. Most of the 
early mining activity occurred on Valdez 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 Kosina 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 Tanaina and Ahtna Indians 
did a great deal of hunting and fishing on the 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'. 11 

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 informationis 
presently available on the abo~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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preglacial lake (a lake formed at the oute~ limit of a glacier) that 
existed during and after the last period of glaciation, dating back some 
10,000 to.l2,000 years. It is reasonable to expect further remains to 
be found around the lakebed margins when more detailed investigations 
are made. 

Energy Needs: 

Power requirements for the Railbelt are increasing rapidly, and 
substantial amounts of new generating capacity and. additional transmission 
system development will be needed in the near future. The Railbelt now 
derives most of its power from oil and natural gas. Past planning has 
contemplated that natural gas and, eventually, fuels from the Alyeska 
Pipeline would continue as long-range energy sources for Railbelt power 
systems. However, recent changes in the national and international 
energy situation indicate that other alternatives such as the ~bundant 
coal and hydro resources of the Railbelt should be reconsidered. 

The energy demand curve used in the hydropower study is based on 
1975 projections provided by the Alaska Power Administration. The curve 
represents thecombined demand of the areas that could be served directly 
from an interconnected Railbelt system, and is premised upon assumed 
growth rates after 1980 that are substantially below existing trends. 
These growth rates assume substantial savings through increased efficiency 
in use of energy and through conservation programs. 

The load projection used in the hydropower study is depicted in 
Figure 9 along with the other estimates provided in APA's 1975 analysis. 
The "higher" range anticipates significant new energy and mineral 
developments from among those that appear most promising, along with an 
annual growth rate in residential, commercial, and light industrial uses 
that remains throughout the study period somewhat above recent electrical 
energy consumption growth rates in the U.S. The "lower" _range presumes 
r1iinimal industrial development, a load growth rate for the remainder of 
this decade well below current actual rates of increase, and energy 
growth over the next twenty years that.barely matches the latest pop
ulation growth rate projections for that period. This lower estimate 
generally assumes a significant slackening of the pace of development 
almost immediately and continuing throughout the period of study. The 
"mid-range" appears to be a reasonably conservative estimate, with 
annual rates of increase in power requirements less than 7 percent after 
1980 as compared to an historical annual growth rate of 14 percent 
during the period 1960 to 1971. This adopted "mid-range" projection 
assumes steady but moderate growth after the present boom period coupled 
with 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 ,1\laska 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 ~outhcentral Railbelt 
power markets. 

There are many questions concerning future availability and costs 
of natural gas and oil for power production. Oil prites have increased 
dramatically in the past few years, and there are many prP'"sures 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 i.nexhaustible energy sources. 
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UPPER SUSITNA RIVER BASIN DAM ALTERNATIVES 

General: . 

. Eight technically ·feasible plans for hydroelectric 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) was inves
tigated. The proposed thin-arch dam would h,ave a structural height of 
635 feet and a water surface area of' 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 ki.lowatt-hours of 
firm annual energy from an installed capacity of 220 megawatts. Because 
of the w~ry 1 imited storage capacity, the project has a 1 ow firm energy 
tapabil ity and a high seconda.ry energy capacity .. 

Watana: 

This single dam development of the Upper Susitna Basin located at 
the Watana site (river mile 165) would be an earthfill dam with structural 
height of about 81.0 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 ~bout 54 river miles up~tream to a point 
between the Oshetna and Tyone Rivers. The annual firm electrical 
production of Watana would be' 3.1 bill ion 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-foot 
thin-arch dam at Devil Canyon and the 810-foot earthfill dam at Watana. 
This proposed plan would inundate about 82 miles of the upper Susitna 
River and approximately 50,550 surface acres. A total of 6.1 billion 
kilowatt hours of firm annual energy would be produced by the combined. 
Devil Canyon;..Watana system. 

The construction period for this two-dam proposal is estimated to 
be 10 years. This plan is economically feasible and has less adverse 
environmental impact than any of the other multi-dam proposals. 

The adverse environmental effects of this proposal would include 
the permanent loss of all vegetation within the reservoir pools. 

· Water released from the reservoirs may be slightly turbid through
out the year, whereas under existing conditions the stream normally_ runs 
clear from late fall until early spring breakup. Studies to date 
indicate that the sediment in suspension would not be high, ranging 
probably from 15-35 ppm. On the other -hand, heavy sediment loads now 
carried by the stream during the warmer months of spring through early 
fall would be significantly reduced. 

Downstream water quality problems related to temperature, dissolved 
oxygen, and sup·ersaturated nitrogen could occur. These would be held to 
minimal, and possibly insignificant levels by spillway design and the 
incorporation of muJtiple-level water withdrawal structures. 

Approximately 9 miles of the existing ll-.mile whitewater reach 
through Devil Canyon would be lost through inundation. 

The lower 2.5 miles of Tsusena Creek~ which would be utilized as a 
spillway for excess river flows (this would occur rarely, if ever, 
during periods of excessive late summer flood conditions), will suffer 
adverse impacts to fish and on-shore vegetation during such periods. 

Some moose habitat on the canyon floor and adjacent slopes would be 
inundated by the reservoirs. Most of the present use is upstream from 
Tsusena Creek; thus the greatest impact to moose would result from the. 
Watana reservoir. The amount of good habitat is limited, but its loss 
would be permanent. 

The reservoirs would lie between the spring calving grounds and 
portions of the summer range of the wide-ranging Nelchina caribou herd. 
Increased mortality to caribou attempting to cross the reservoirs between 
these two areas could result from ice-shelving conditions which might 
occur, 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 Dal] sheep are not expected to be directly affected by 
the project to a significant extent, there will inevitably be some 
secondary impacts resulting from disruptionof 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 ofThe Devil Canyon-Watana 
Hydropower Plan, many of the anticipated changes dpwnstream from Devil 
Canyon Dam could prove beneficial to both the anadrorridus 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 thems~lves ~here 
delicate ecosystems are traversed. Some of the inevitable consequences 
of road construction are destruction of vegetation and wildlife habitat, 
reduced insulation of frozen soils, and settling from permafrost deg,.. 
radation, resulting in both erosion and alteration of the groundwater 
regime. 

Degradation of visual quality in general would be .a 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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Devil 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 BlO~foot-high, concrete-faced rockfill dam located about 5 miles 
upstream from the other Devil Canyon site would provide 3.7 billion 
kilowatts of avera.ge 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 bj these facilities. 

The recreational opportunities would be fewer for the one..,dani 
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 proyed 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 and powerplant 
and an upstream storage dam and reservoir at Denali. Subsequent devel
opment of a four-dam systemwould include dams at both the Watana and 
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 ~eet 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 RecTamation 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 wquld 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 
Denali. Generally the further upstream a reservoir 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 b~hind a 515-foot-high dam with 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 tributarie~ in this section of the river and 
possibly would create additional stre~m habitat 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 
54,000-acre storage reservoir ~ith a pool elevation of 2,535 feet. Larg~ 
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 of a 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 tak~ 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 be~between 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 of a 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 a 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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DATA ON THE PROPOSED PROJECT AND SELECTED SUS ITNA AlTERNATIVES 

Type Nonnal Miles of Bill i.on Kilowa 
of Structural Full Pool Surface Total Storage River Hours of Firm 
Construction 

Selected Plan: 
Height Elevation Acres Acre-Feet Inundated Annual Energ~ 

Devil Canyon Concrete, 635' 1450' 7,550 1,050,000 28 
thin-arch 

Watana Earthfill 810' 2200' 43,000 9,400,000 54 
Totals 50,550 6.1 

Alternatives: 
Kaiser's High Earthfi 11 810' 1750' 24,000 . 4,700,000 58 (2.6) 

Devil Canyon 
0. Olson Concrete, 200'.:!:_ 1020' 1,000 83,000 8 ,,. gravity oG 

Vee Earthfill 455' 2300' 9,400 920,000 32 
Denali Earthfi ll 260' 2535' 54,000 3,850,000 34 
Totals 88 400 5.6 
Devil Canyon Concrete, 635' 1450 1 7,550 1,050,000 28 

thin-arch 
Watana Earthfi ll 81 0' 2200' 43,000 9,400,000 54 
Denali Earthfill 260' 2535' 54,000 3!850,000 34 
Totals 104,550 6.8 
Devil Canyon Concrete, 635' 1450 1 7,550 1,050,000 28 

thin-arch 
Watana Earthfill 515' 1905' 14,000 2,420,000 40 
Vee Earthfill 455' 2300' 9,400 . 920,000 32 
Denali Earthfill 260' 2535' 54,000 3,850,000 34 



In addition to the smaller number of surface acres inundated in the 
Devi 1 Canyon-Watana two-dam system, there would be substantially 1 ess 
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 adverseeffect 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 of s~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 interconnectio~ 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 rive.r 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 
di.stance of 30 miles. Total length of the transmission 1 ines 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 1 ines. Preliminary studies recommend 
an access road approximately 64 miles in length to connect the Watana 
site with the Parks Highway via Devil Canyon. A factor considered in 
location and design of access 'roads 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-yea~ 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 the project 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 i~portant 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 thr-Ough 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 '1 89 
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 anadromus fish tolerances~ 
Although the average sediment load in surrmer months is less than 1000 
ppm, loads sometimes reach a maximum of 5000 ppm in the unregulated 
river. Reduction of existing surrmer sedimentation peaks should have a 
beneficial effect on anadromous and resident fish populations for some 
distance downstream from Devil Canyon Dam. · 

When spilling water over Devil CanyonDam would be nec'essary during 
some periods of extreme high flows, nitrogen supersaturation could be 
introduced into the river below the dam. Fish elposed to high levels of 
this condition can suffer gas-bubble disease (like bends to a deep-sea 
diver) whfch can be fatal. 

With appropriateoperational procedures, it is estimated th~t 
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 turbulen~ 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 waul d 
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 withdrawl 
outlets into the dam structure .. 

Variations in water releases at Devil Canyon Dam would cause less 
than a one-foot daily fluctuat1on 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 condjtions 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 stablization in 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 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 coarse gravel bed 
reaches of the Sus itna 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 reservoirwould 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 11-mile, whitewater section of Devil 
Canyon. · 

Watana reservoir, with a structural height of 810 feet and a pool 
elevation of 2,200 feet, would flood about 43,000 acres in a 54-mile 
section of the Susitna River that waul d reach upstream to about 4 mi 1 e.s 
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 miles above the creek'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 creat~ 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 the 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 the SQ--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 (from Fl 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, 5 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 flow~ 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), 11 lt 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 ~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 
reg~lation of the upper Susftna 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 Chulitna 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. 

Ouring the period in which the newly-constructed reservoirs would 
be filling 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 
1 ater. · 

According to a study discussed in the Journal of Fisheries Research 
Board of Canada--Volume 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: 
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The hig~er regulated,winter flows mignt increase the survival of 
s~lmon eggs in the sloughs and backw_ater areas of the river downstream 
from the dam. _.The increased flows cou)d also insure better coverage and 
better Percolation through the gravel and presumably if!Crea.se egg and i 

al evin survival, (Salmon al evin are. young fi~h with attached egg.:. sacs 
that rema·in in the gravel beds until they emerge as fry.) . · 

Al"l additional consequence of red.uced turbidity below the dam might 
be a gradual reduction in the percentage of fine materials in the salmon 
spawning areas near the mouths of sloughs and tributari_es as theyenter 
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 wo_uld 
develop within some se.ctions of- the Susitna River between Devil Canyon 
and Talkeetna. · 

Other hydrologic factors previously discussed would a)so affect the 
fishery resource downstream from the dams. These and other changes 
could also influence the. food and life cycles for fish in this section 
of the river. Biological a_nd physi.cal changes lik,ely to occur are the 
subjects of ongoing studies by State and Federal agencies under the 
direction of the U.S. Fish and Wildlife Service. Results of these 
studies.will be used in determining needs for more detailed final design 
phase studies, feasible project modification, and mitigative or ameliorative 
measures. 

Upstream from the dams, the major impact on the resident f-ish 
populations would be caused by the reservoir impoundments. Under the 
proposed plan, Devil Canyon reservoir would fluctuate very 1 ittle. 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 fluctu~ting reservoir which would 
generally prove detrimental to the development of resident 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 
~oran Dam on the Fraser River . This report states in reference to high 
dams: 11 The choice is clearly between upstream salmon stocks or dams. II • 

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·s i b 1 e with further studies. 

Other problems related to the introduction of anadromous fish into 
the Upper Susitna Rive~ 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 ca~ibou 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,rnoose, 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-to 1-mile-wide section of the swollen 
glacial river during periods of high runoff. Some caribou could ~lso 
migrate around the upper reaches of the proposed Watana reservoir area 
as indicated in existing spring migration patterns. Caribou migration 
patterns for the Nelchin.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 Nelch.ina 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. 
Jhere 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 migrafion of caribou, construction and maintenance work 
during certain seasons may inhibit herd movement. Since caribou are 
primarily confined to the west oank of the Nenana River, they will not 
be significantly affected in this area if the line ~uns 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 signlficant. 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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Although moose habitat does e~ist within the pool areas of the proposed 
Devil Canyon and Watana reservoirs, the overall loss of preferred or 
critical ~inter 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, tine grizzly was sighted on the upper Oshetna and on~ on the 
Maclaren River. Five black bears were sighted on the Susitna 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 will 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 p~oposed 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 vehicle encroachment. Specific areas such as Stephan Lake, Fog 
Lakes, lower Deadman Creek, and the northern slopes of the Talkeetna 
Mountains could .be significantly impacted by hunters, fishermen, and 
other recreationists by an access road to the Watana Dam. The same 
would be true along various seg~ents 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~mile basin, especially the lands directly impacted 
by the proposed project, to a few hunters, fishermen, and other hardy 
souls who utilize these w_ild lands for recreational purposes. 
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The construction of th~ p'roposed 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 2 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 minima 1 pub 1 ic use. · The project waul d signif.icantly 
change both the present riverine setting and human use of the area~ •
Improved road access into the upper Susitna basin would sub~tantiall~ 
increase pressures on all the resources impacted by outdoor recreation 
activities wfthin these·areas. Along ~ith a potential increase in 
hunting pressure, the construction of project-oriented recreational 
facilities would further increase public use in the immediate vicinity 
of the proposed dams and reservoirs. These recreational developments 
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 Baiin could have a substantial impact on t~e ~xtent df developm~nt 
of recreational facilities within the Devil Canyon-Watana project area. 
At the present time, few people reside within a 100-mile radius of the 
project area, and day-use of the projecCby local residents·wou.ld be 
minimal under existing growth conditions, 

. ,. 

Any project-related recreational development.program would 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 (Qivi
sion of Parks) has indicated an interest in spon~oring a pfogram 6f · 
recreational development in the area of the propos~d pr()ject .. 

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 upper Susitna 
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 inundated by the. Watana · 
reservoir. The significance of this site, a cabin, is not disclo~ed in 
the State report. However, on the basis of th~ limited early modern 
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history associated with the upper Susitna bas'in, 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 archaeologica.l sites in the upper 
Susitna basin, 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 "--the entire river system should be regarded as an area of extremely 
high archaeological potential." The report further states: "While it 
is difficult to measure the 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." (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 in 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 exi~ting 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.network of temporary roads 
and work areas for personnel, equipment,_and vehicles within and around 
the areas to he cleared. Ccfntrolsoverthe clear.ingand related opera
tions would-fndlude provisions to reduce or ~revent~any of the adverse 
environmental impacts of these activities including the possibility of 
uncontrolled fires. 

The major ecosystems of the upper Susitna 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 be taken 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 spru!=e-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 a-nd 
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 been mapped geologically. 

Agriculture: 

No project benefits are anticfpated for irrigation at this time, 
and except for pr6viding 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 dairy farming~ 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 proyjdi! access .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 upstream .from the 
vicinity of Watana Dam. - · 

The impact of road access to areas within the proposed hydroelectric 
develoj>ments 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 wherenecessary, 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 the\. entire Devil Canyon-Watana project is estimated to 
take 10 years to complete, 6 years for Watana and 5 for Devil Canyon,· 
with one year when both damswould be under construction at the same time. 

The impact of these construction activities on the existing environ
ment would be $ignificant. 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 
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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 atmosphere 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 
a~d 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. Areaswill 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 12-month period, Devil Canyon reservoir 
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could fluttuate up to 5 feet while Watana reservoir would fluctuate up 
to 125 feet under nonnal operating conditions. The proposed Watana 
impoundment is located in a na: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 accompl·ished 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 are 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 Alask~ 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 dams i tes to the Dena·l i Fault sys tern, and is the most 1 ike ly 
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 100-year period. 
Watana reservoir would have a 100-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 11 dead 
storage space, 11 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-mile-long reservoir. Even though 
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 life 
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 penna-, 
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 to a total of 10 years. 

Icing conditions on the reservoirs and the river may cause a wide 
range of adverse impacts both on project construction activities and on 
projec:::t operations. An ice-free stretch of warmer, open water below 
Devi 1 ·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 Southcentral Railbelt 
area is produced by gas, coal, and oil-fired generating units which 
cause varying degtees 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 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 fog 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 areawill increase with or ~ithout 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 
consi.derations 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 not cteate 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 Railbelt 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-~probably 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 443s dat~d 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 ls910-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 from the withdrawals in 
their regions. · 

The U.S. Department of Interiort Bureau of Land Managementt stated 
in correspondence of 13 March 1975: 11 The land within the power site 
reserve is segregated from a deficiency withdrawal under ANCSA because 
it is 'reserved public land' and Congress did not give the Secretary 
(Interior) the authority to make deficiency withdrawals from reserved 
lands. 11 

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 js 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 pipeline 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 Corri,<;lor System. · 
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RECREATIONAL ASSESSMENT 

INTRODUCTION· 

RECREATIONAL AND FISH AND WILDLIFE ENHANCEMENT· 

Projects authorized subsequent to ·passage of 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 
contemplated project, provided that non-Federal ·public entities agree 
(letter of intent) to participate in recreational development. 

b. The non-Federal entity must assume: 

. (1). At least one-half of the separable first costs for . 
recreational facilities a~d lands specifically req~ired for recre~tioA; 

(2) All costs of operation, maintenance, replacement, and 
management of recreationa 1 areas and faci 1 iti es •· · 

· 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 1974i Section 77, amends PL 89-72, however, by stipu-
1 ati ng that the non-Fed era 1 entity must assume 25 percent of the separab 1 e 
costs, and that the Federal Gover~ment 'will assume 75 perce_nt of the 
costs for fish and wildli-fe enhancement. 

PURPOSE 

Stage 1, Interim Report on the feasibility of hydroelectric power .· 
development in the Upper Susitna River Basin indicates that the Devil . 
Canyon and Watana projects offer the best initial combination for developing 
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. 

681 



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 intentto 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 l975; 

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 availa~l~ in Alaska. Both residents and visitors alike have 
unexcelled opportunities for recreational activities among a profusion 
of beautjful lakes, rivers, and mountains, large.ly 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 continent's 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~ 
tant factor 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 Susitna basin 
above Devil Canyon. Thus, the project areas lack a 11 day-use" 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. 
Tou·rist 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 (SCORPi, 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 vas~ 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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~1ost of the other residents of the State, including military personnel, 
live in metropolitan areas. Thus, two sharply diverse cultures exist 
within the State 1 S boundaries: one engaged in subsistence economy 
involving 1 ittle use of money, where primary work activity is related to 
procurement of food and'shelter; and another which includes 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 southcentral 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. particularly 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-:foot contour; 

Watana: This area begins approximately 1.5 miles upstream from 
Tsusena Creek and includes a 11 1 ands upstream from Tsusena Creek and 
from this point below the 1,910-foot contour. · 

Alaska Native Claims Settlement Act: The Power Site Classification 
withdrawals are in an area designated under the A1aska 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 a·nd 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, t.he 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 
Pl~~njng Regions) are as follows: 

Region 

Southcentral 

Interior 

TOTAL 

1975 

176,000 

58,000 

234,000 

1980 

199,000 

63,000 

262,000 

2000 

334,000 

86,000 

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 

l980 553.800 

687 



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 will devote to outdoor recreational activity 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 is 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 1 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 of BLM, U.S. Forest Service, 
and the State•s Division of Lands, which combined, manage about 90 percent 
of the State•s land area. The future availability of recreational 
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 ar~as; 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. A more 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 

GULF OF ALASKA 
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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:. 

Activity 

Demand For Selected Outdoor Recreational 
Activities in Alaska 

Percent of 1967 
1970 1975 l980 -

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 

Southcentra 1 
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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DETERMINATION 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 Denal.i 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 inaicate a possible aoub1ing 
of th1s 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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Southcentral Region 

Federal 
State 

Local 

2,656,858 
541,021 

2,173,165 
5,371,044 

Interior Region 

Federal 
State 
Local 

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 sam lin of vicinit activit : Alaska State Department 
of Highways, ut1liz1ng a tra 1c 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 duri-ng the suiTITler. Updated projections to 
1985 indicate that approximately 1,366 vehicles per day can be expected 
during the 4-month suiTIJler 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 Fairba_nks, 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 ~re 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 Develo 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 ~1ethods. 1 and 2 above for a total of approxi
mately 77,000 persons. 

Initial with Recreational Development: With only minimum facilities 
jjFovided 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 th1s time, is not feasible without full analysis of development 
and programming for Denali 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~MENDED ·PLAN ·.OF DEVELOP~1EI~T 

INITIAL AND FUTURE DEVELOPMENT 

The location of theDevil Canyon and Watana projects, in relation 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 princ1pally 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 pr1or 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 MIX 

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. 

11 

Activity 

Sightseeing 
Camping 
Trail-related activities 11 
Boati.ng 
Picnicking 
Fishing 
Hunting 

. Water sports activity y 
Total 

·Percent 

65 
30 
25 
15 
10 
7 
8 
2 

162 3/ . 

May include such activities as hiking, snowmobili.ng, motorcycling, 
snowshoeing, dry-sledding, cross-country skiing, and nature study. 

Includes swimming and waterskiing. 

Percentage is based on a single visitwith 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 ~ D 
Where: AA = Annual Attendance 

P = % of ann~al attendance during peak month 
E = % of peak month use expected on weekends 
D = Average number of weekend days during peak month 

DL = 77,000 X .20 x 55+ 9 = 940 persons 
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Trail-
Specific Design Load Sight- Related 
By Activity seeing Camping Activities Boating Picnicking 

SOL = (PR) X (DL) 
+ TxA 
Where: PR = Parti- 65 30 ··25 15 10 

cipation 
rate (%) 
DL .,; Design 

. load ' · 
. 940 940 940 940 940 

T = Turnover 2 1 1 1 2 . 
factor 
A = Average 3 . 4. 4 3 4 
group size 

Sightseeing 

SOL .,; . 6S X 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 

SOL = .30 x 940 = 70 campsites 
4 

Trails 

SOL= .25 x 940 = 60 trail-related activities on peak day 
4 

Boating 

SOL= .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 trailer parking 
spaces should be provided at each site. 
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Picnicking 

SDL = .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 Activita- 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 

FEDERAL 

Bureau of.Outdoor R~~reation: Both th~ Seattle Regional Office and the 
Anchorage Office have c6bperated by furnishing data and guidance in th~ 
preparation of this report. · 

National Park Ser~1ce: The Pacific Northwest Regidn has been informed 
about archaeological investigations being carried out under authority of 
Public Law 93-.291. ·Continuous coordination will be maintained as required 
under provisions of that Act. 

Bureau of Land Management: BLM has interim jurisdiction over most of 
the lands within the study area and has been requested to furnish an 
ImpactReport .. If the lqnds surrounding the project remain under public 
ownetship, 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. 
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MANAGEMENT AND COST-SHARING 

FEDERAL RESPONSIBILITIES 

The Alaska Power Administration will be responsible for operation 
and maintenance of Devi 1 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 facilities--including a visitor building, inter
pretive facilities, sightseeing overlooks, protective fencing, sanitary 
facilities, and parking at damsites--will 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 recreationa) development proposed herein 
at an estimated cost of $1,144,600. Th~ State's share of the cost of 
the facilities would be approximately $572,300. 
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ENVIRONMENTAL QUALITY 

GENERAL '' 

Carefully prepared. creative development plans ~ill be required to 
enhance. conserv.e. and main:t~in both th~ environmental quality and the 
esthetics of project areas. ·Emphasis will be placed on composition 'and 
space relationship for .human purposes co.nsistent ~ith the type of activity 
involved. . · · · · . _ . . · · 

The access road to both dams .will be designed to cause minimum 
impact on the environm·ent with emphasis on preserving the roadside, the 
viewscape •. and the esthetic .character. Where possible, al inement 
should take .4dvantage of ·views to lend. interest ~nd variety ·to the 
driving experience. · 
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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. ~1in·imum recreational development--permitted 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 vault
type toilets to accommodate boaters. 

Recreational facilities are charged to Feature Account No. 14 and 
are to be cost-shared, 
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SUMMARY. OF COST ESTIMATES 

Total Cost 
Feature Initial Cost-Sharing 
Account Development Federal Non-Federal 

VISITOR FACILITIES: 
.. 

Devil Canyon 19 $ 294,000 $294,ooo 0 

Watana 19 ~ 163,000 $1632000 0 

Total $ 457,000 $457,000 

OPERATING FACILITIES: 

Devil Canyon 19 $ 185,000 $185,000 0 

Watana 19 ~ 245 2000 $2452000 0 
$ 430,000 $430,000 

Total $ 887,000 $887,000 . 

COST~SHARED RECREATION 
UNDER PL 89-72: 

SITE A 14 $ 63,200 $ 31,600 $ 31,600 

SITE B 14 $ 430,600 $215,300 $215,300 

SITE C 14 $ 105,000 $ 52,500. $ 52,500 

SITED 14 $ 29,600 $ 14,800 $ 14,800 

SITE E 14 $ 16,200 $ 8,100 $ 8,100 

Lands (830 Acres) 14 $ 5002000 $250,000 $250,000 

TOTAL COST-SHARED 
DEVELOPMENT: $1,144,600 $572' 300 $572 '300 
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DETAILED COST ESTIMATES 

B. OPERATING FACILITIES: 

Devil Canyon 
Launch Site with Parking 

and Launch Ramp w/Dock 

2-Vault Toilets 

Watana 
Launch Site w/Parking 

& Launch Ramp w/Dock 

2-vault Toilets 

19 

19 

19 

19 

LS 

2 ea 

Total 
Contingency - 20% 

. Total Direct Cost 

LS 

2 ea 

Total 
Contingency - 20% 
Total Direct Cost 

TOTAL OPERATING FACILITIES: 
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$150,000 

$ 2,000 

$200,000 

$ 2,000 

$150,000 

$ 4,000 

$154,000 
$ 31,000 
$185,000 

$200,000 

$ 4,000 

$204,000 
2 41,000 
$245,000 

$430,000 



TABLE II (Continued) 
DETAILED COST 'ESTIMATES · , 

Account 
Unit Price 

C ~· COST-SHARED RECREATION: 
Number . Q~nti.ty;,: _Hnit 

Devil Canyon - Site A 
(Boat Access Only) 
Boat Dock 
Camping Units 
2-Vault Toilets 

Devil Canyon - Site B 
Access Road 
Overnight Camps 
Comfort Stations 
Power 
Sewerage 

Devil Canyon - Site C 
Trailhead Picnic Area 

Access Road 
Picnic Units w/Parking 
Trail System 
2-Vault Toile,ts 

* Engineering and Design 

14 
14 

' 14 

14 
14 
14 
14 

'14 

14 
14 
14 
14 

** Supervision and Administration 

1 
10 

2 

ea 
ea 
ea 

$ 25,000 
$ 1,800 
$ 2,000 

Total . 
Contingency - 15% 
Total Direct Cost 

*E&D - 10% 
**S&A - 7% 

0.5 
50 

2 
LS 
LS 

Total 

mi 
ea 
ea 

Total 

$100,000 
$ 2,500 
$ 35~0b0 
$ 25,000 
$ 50,000 

Contingency - 15% 
Total Direct Cost 
E&D - 10% 
S&A - 7'7o 

0.2 
12 
30 

2 

Total 

mi 
ea 
mi 
ea 

Total 

$100,000 
$. 2,000 

''$ 1,000 
$ 2,000 

Contingency - 15% 
Total Direct Cost 
E&D - 10io 
S&A - 7% 

Total 
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Initial 
Total Cost 

·$·25,0QO 
$ 18,000 
$ '4,000 

$ 47,000 
$ 7,000 
$ 54,000 
$ 5,400 
$ 3,800 
$ 63,200 

$ 50,000 
$125,000 ' 

.$ 70,000 
$25,000 
$ 50,000 

$320,000 
$ 48,000 
$368,000 
$ 36,800 
$ 25,800 
$430,600 

$ 20,000 
$ 24,000 
$ 30,000 
$ 4,000 

$ 
$ 
$ 
$ 

78,000 
11,700 
90,000 

9,000 
$ 6,000 
$105,000 



TABLE II (Continued) 
DETAILED COST ESTIMATE 

Accotmt · Initial 
Nmnber Quantity Unit Unit Price Total Cost 

C. COST-SHARED RECREATION 

Watana - Site D 
CWatana Creek - Access 

by Boat & Trail Only) 

Camp Units (Tent Camp) 14 10 ea $ 1,800 $ 18,000 

2-Vault Toilets 14 2 ea $ 2,000 $ 4 2000 

Total $ 22,000 
Contingency - 15% $ 3,000 
Total Direct Cost $ 25,000 
E&D - 10% $ 2,600 
S&A - 7% $ 22000 

Total $ 29,600 

Trail System - Site E 

Watana Dam Site to 
Watana Creek 14 12 mi $ 1,000 $ 12,000 

Contingency - 15% ~ 2 2000 
Total Direct Cost $ 14,000 
E&D - 10% $ 1,300 
S&A - 7% ~ 900 

Total $ 16,200 

LANDS: 

(Separate cost for recreation over and above joint-cost lands for project) 

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) so $500 $ 25,000 

Administration Costs L.S. $ 11 2000 

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 f6r.evaluation purposes: 

General 
Specialized 

Range of· Unit Values 

$ 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: 

General Recreation: Seventy percent of the total annual visitation is 
considered to be of general nature and is valued at $2.00/day. 

Specialized Recreation: The remaining 30 percent is clas~ed 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 •. 

ITEM · WATANA DEVIL CANYON TOTAL 

Facilities ll $45,750 $ 598,850 $ 644,600 
Land 45,000 444,000 489,000 
Administration 2,000 . 9!000 11!000 

Total $92,750 $1,051,850 $1.144,600 

ll 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 

0 
$47,000 
47,000 
47 .ooo 
47,000 
47,000 

710 

INTEREST 

$ 1,440 
2,880 
2,880 
2,880 
2,800 
4,290 

$17.250 
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YEAR 
' 

1985 
1986 
1987 
1988 
1989 
1990 
1991 

(PW} 

EXPENDITURE 

$ 453,000 

$ 599,000 

$1,052,000 

($ 781,500} 

DEVIL CANYON 

ACCU~1ULATED EXPENDITURE 

0 
' $ 453,000 

453,000 
453,000 . 
453,000 
453,000 

1,052,000 

Construction Cost (PW--Present Worth} 
Interest during Construction (P~J} · 
Recreation Investment Cost 

OPERATION, MAINTENANCE, AND REPLACEMENT 

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 

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 

$1"65,000 

Based on annual costs of $165,000 and annual benefits of $300,000 
(rounded}, the B/C ratio for recreation is 1.8 to 1. 

711 . 



! ; 

United States Department of the Interior 
8UREAUOF LAND MANAGEMENT 

Anchorage District Office 
4700 East 72nd Avenue 

Anchorage, Alaska 99507 

IN REPL'I' REFER TO! 

1780 (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, si~ply 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 lands 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 statemen~ review 
process. 

[ J Sjncerely, , 

/YntMw· ~:,·~ 
Donovan i gst 
Acting D trict Manager 
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Dl~l~.t\.UT.\IJ<;NT OJi' N.t\.TUilAI .. IU~SOIJUCI~S 
DIVISION OF PARKS 

April 4, 1975 

RE: 2425 

Colonel Charles A. Debelius 
Corps of ~ngin~ers, Alaska District 
Department of the Army 
P. 0. Box 7002 
Anchorage, JU{ 99510 

Dear Colonel Debelius: 

JAY S. HAMMOND, Governor 

323 E. 4TH AVENUE 
ANCHORAGE 99501 

Reference is made to your letter of March 18, 1975 and our response 
dated March 19,.1975 concerning the copperative aspects of the planning 
and development of a recreation program for the proposed Devil's Canyon 
llydroelectric 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 Hater 
Project Recreation Act, Public Lmv 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 th'e Federal 
Hater 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 rec~eation 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 

·tvith respect to co!lgressional 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 contrac~ agreement could become possible between our 
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respective agencies. Furthermore, lt 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 ~Jill be of great interest 
to the state and at that time we would wis~1 to discuss a formal recreation 
contract agreement. 

Sincerely, 

t~~il .iam A. Sacheck 
Director 

cc: Guy R. Martin, Commissioner 
Department of Natural Resources 
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